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LETTER  TO  THE  SECRETARY. 


WASHiNaTON,  D.  C,  March  10,  1873. 

Sib  :  I  have  the  honor  to  present  for  your  approval  and  for  publica- 
tion the  sixth  annual  report  of  the  United  States  Oeological  Survey  of 
the  Territories,  containing  a  preliminary  account  of  explorations  made 
dnriDg  the  summer  of  1872,  about  tbe  sources  of  Snake  and  Missouri 
Bivers. 

The  liberal  appropriation  granted  for  the  survey  by  the  Forty- 
second  Congress  enabled  the  Chief  Geologist  to  organize  two  large  and 
wdl-equipped  parties  for  field-work.  These  parties  were  each  provided 
with  a  geologist,  topographer,  astronomer,  meteorologist,  with  their  as- 
sistants A  number  of  young  men  acted  as  collectors  of  objects  in 
natural  history. 

One  party,  under  my  immediate  direction,  took  Fort  Ellis  as  its  ini- 
tial point.  We  spent  several  days  at  this  point  and  at  Bozeman  pur- 
chasing our  animals  and  securing  supplies  and  other  outfit.  After  our 
preparations  were  made,  we  passed  over  the  divide  to  the  Yellowstone 
Valley,  traversing  nearly  the  same  route  as  lasl  year.  The  Yellowstone 
River,  from  the  lower  caiion  to  its  source  in  the  Yellowstone  Lake,  was 
carefully  surveyed.  Some  of  the  branches,  as  the  East  Fork,  were  more 
fully  examined  than  at  any  time  previously.  From  the  lake  the  party 
passed  over  the  divide  into  the  Oeyser  Basin  of  Madison  llivet,  and  ex- 
plored that  river  and  its  branches  to  the  Three  Forks.  We  then 
ascended  the  Gallatin  Kiver  and  examined  it  to  its  sources.  The  inter- 
esting caiion  of  the  Gallatin,  which  is  about  seventy  miles  in  length, 
had  never  been  explored  previously,  and  was  unknown  even  to  the  in- 
habitants of  the  lower  part  of  the  valley.  From  the  Gallatin  Canon  we 
passed  over  the  divide  into  the  Yellowstone  Valley,  near  the  second 
canon,  and  made  a  more  detailed  survey  of  the  Snowy  or  Yellowstone 
Range,  then  passed  down  the  valley  through  the  first  or  lower  caiion, 
and  then  along  the  divide  between  the  branches  of  the  East  Gallatin 
and  Shields  Rivers  to  Flat  Head  Pass ;  thence  across  the  rugged  hills 
to  a  point  about  ten  miles  below  the  Three  Forks,  on  the  Missouri  River. 
We  then  returned  to  Bozeman  along  the  base  of  the  mountains  on  the 
east  side  of  tbe  East  Gallatin  Fork,  and  the  field-work  of  this  party 
was  closed.  The  materials  for  an  accurate  map  of  the  district  examined 
were  secured,  and  most  importanj;  discoveries  in  geology  and  large  col- 
lections  in  all  departments  were  made. 

Tbe  second  party  was  placed  under  the  general  direction  of  Mr.  James 
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Stevenson,  whose  experience  in  this  wild  life  for  sixteen  years,  as  my 
principal  assistant,  gave  him  great  advantages  over  any  one  else  I  coald 
secure  for  that  trust.  This  party  started  from  Ogden,  Utah,  surveyed  a 
route  to  Fort  Hall,  and  there  laid  in  supplies  and  made  the  necessary 
preparations  for  a  pack-train  up  the  unknown  region  of  the  Upper  Snake 
Valley.  The  party  was  also  provided  with  a  chief  geologist,  topogra- 
pher, meteorologist,  botanist,  and  other  necessary  assistants.  From 
Fori  Hall  this  party  proceeded  up  the  west  side  of  Snake  River.  Two 
weeks  were  spent  in  making  a  careful  survey  of  the  previously  unknown 
Teton  Basin.  The  range  of  the  Three  Tetons  was  carefully  mapped. 
Eleven  of  the  party  attempted  to  ascend  the  highest  peak,  the  Grand. 
Teton.  Only  two  of  these  succeeded,  Messrs.  Stevenson  and  Langford. 
So  far  as  we  can  ascertain  they  are  the  only  white  men  that  ever  reached 
its  summit. 

In  the  summer  of  1860  the  party  under  the  command  of  Colonel  W. 
F.  Raynolds,  to  which  I  was  attached  as  geologist,  camped  for  several 
days  at  the  base  of  this  range.  We  had  with  us  as  guide  Mr.  James 
Bridger,  who  was  more  familiar  with  the  western  country  and  the 
events  in  its  history  for  the  past  lifty  years  than  any  living  man. 
He  regarded  the  ascent  of  this  peak  as  impossible,  and  many  of  the  old 
mountaineers  and  trappers  state  that  it  has  been  attempted  many  times 
without  success. 

Immense  masses  of  snow  and  lakes  of  ice  were  found  on  its  sides,  and 
abundant  signs  of  modern  glacial  action.  At  certain  seasons  of  the  year, 
usually  in  August  and  September,  the  air  is  filled  to  a  great  height 
with  grasshoppers  flying  in  every  direction.  They  sometimes  rise  to 
the  height  of  many  thousands  of  feet.  As  they  passed  over  this  Teton 
Eange  they  became  chilled  and  droppeil  on  the  snow  and  ice  in  vast 
numbers  and  gradually  melted  the  snow,  so  that  the  myriads  of  little 
holes  which  they  formed  gave  to  the  surface  a  i>eculiar  roughness.  It  was 
due  to  this  fact  that  Messrs.  Stevenson  and  Langford  were  able  to 
cling  to  the  almost  vertical  icy  sides  of  the  i>eak,  and  complete  the 
ascent.  They  found  the  elevation  to  be  13,858  feet  above  the  sea,  thus 
CHtitling  it  to  rank  among  the  monarch  peaks  of  our  continent. 

Yet  on  the  summit  of  this  peak  there  were  indications  that  human 
beings  had  made  the  ascent  at  some  period  in  the  past.  On  the  top  of 
the  Grand  Teton,  and  for  300  feet  below,  are  great  quantities  of  granite 
blocks  or  slabs  of  diflferent  sizes.  These  blocks  had  been  placed  on 
end,  forming  a  breastwork  about  three  feet  high,  inclosing  a  circular 
space  six  or  seven  feet  in  diameter,  and  while  on  the  surrounding  rocks 
there  is  not  a  particle  of  dust  or  sand,  yet  the  bottom  of  this  inclosure 
is  covered  with  a  bed  of  minute  particles  of  granite,  not  larger  than  the 
grains  of  common  sand,  which  must  have  been  worn  off  by  the  ele- 
ments from  the  vertical  blocks  until  it  is  nearly  a  foot  in  depth.  There 
was  every  appearance  that  these  granite  slabs  had  been  placed  in  their 
present  position  by  Indians,  as  a  protection  from  the  wind,  many  cen- 
turies ago. 
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The  scenery  of  the  Teton  Eange  is  truly  alpine  in  its  character,  ap- 
proaching that  type  more  nearly,  than  any  other  known  in  the  West 

Leaving  the  Teton  Basin,  the  party  proceeded  up  Henry's  Fork  of 
Snake  River,  and  at  its  source,  surveyed  one  of  the  most  interesting  and 
important  geographical  iK>ints  in  the  West.  At  the  head  of  Henry's 
Fork  are  foar  remarkable  passes,  representing  the  four  points  of  the 
eompass,  with  Henry's  Lake  located  in  the  center.  TheTargee,  or  East 
Pass,  is  7,063  feet  elevation,  and  forms  one  of  the  gateways  to  the  Mad- 
ison Valley  and  to  the  sources  of  the  Madison  and  Yellowstone.  Hen- 
ry's, or  Soath  Pass,  is  about  0,250  feet  elevation,  and  opens  into  the 
great  valley  of  the  Snake  Eiver  from  the  Atlantic  slope.  Bed  Rock,  or 
West  Pass,  is  7,271  feet  elevation,  and  connects  the  great  valley  of  the 
Jeierson  Fork,  while  the  Eaynolds  or  North  Pass,  6,911  feet  elevation, 
kads  into  the  valley  of  the  Lower  Madison.  These  remarkable  passes, 
thos  linking  the  Atlantic  with  the  Pacific  slope,  are  so  smooth  that  a 
eacriage  could  be  driven  over  them  at«a.high  rate  of  speed.  In  a  prac- 
tieai  point  of  view  these  passes,  as  well  as  the  Snake  Biver  Valley,  must 
soon  become  of  great  importance  to  the  West. 

The  Snake  Biver  and  Henry's  Fork  Valleys  form  by  far  the  most  feas- 
ible routes  for  railroads,  connecting  Montana  and  the  entire  Korthwest 
with  the  interior  basin  and  the  Pacific  slope.  Compared  with  the  pres- 
ent stage-routes  to  Montana,  a  road  by  this  valley  would  be  from  one  hun- 
dred to  one  hundred  and  fifty  miles  shorter,  and  would  open  up  for  settle- 
ment a  vast  area  of  arable  and  pastoral  land.  The  immeose  forests  of  pine 
timber  would  be  made  available,  and  I  ameonvinced  that  in  a  few  years, 
on  account  of  the  scarcity  of  good  tim1)er  in  the  interior  basin,  this  will 
become  one  of  the  most  important  lumber  regions  in  the  West.  If  the 
laihoad  which  contemplates  connecting  Corinne,  Utah,  with  Helena, 
Montana,  passes  up  Henry's  Fork,  it  will  render  available  two  thousand 
&ye  hundred  square  miles  of  pine  timber*  All  the  wonders  of  our  great 
National  Park  can  be  seen  in  one  day's  travel  on  horseback  from  this 
route. 

About  ten  miles  northwest  of  Henry's  Lake  a  new  lake  was  discov- 
ered, which  from  its  peculiar  character  merits  some  notice  here.  It  is 
caUed  ^^  Cliff  Lake  "  on  the  map,  from  the  fact  that  it  seems  to  be  con- 
fined to  a  deep  fissure  ia  the  basaltic  rocks.  It  is  triangular  in  shajie, 
its  length  abont  one  and  a  half  miles,  and  half  a  mile  in  its  greatest 
width.  Several  streams  of  considerable  size  flow  into  it,  but  no  outlet 
could  be  discovered.  High,  nearly  vertical  walls  inclose  it  on  every 
aide. 

From  Henry's  Lake  the  party  crossed  the  water-shed  by  way  of  the 
Targee  Pass  into  the  Madison  Valley,  and  passed  up  that  stream  to  the 
Fire  Hole  Basin,  where  both  of  the  parties  met  on  the  same  day,  Au- 
gust 14,  though  starting  about  two  months  previously  from  points  sev- 
eral hundred  miles  apart    The  Snsike  Kiver  division  remained  in  this 
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basin  several  days,  until  supplies  could  be  obtained  from  Virginia  City 
for  the  return  trip  to  Fort  Hall. 

The  party  then  continued  its  way  up  the  valley  of  the  Madison  to  its 
source,  and  spent  some  days  exploring  the  different  branches  of  Snake 
Kiver  and  the  Madison.  There  is  perhaps  no  more  unknown  or  more  in- 
teresting geographical  region  in  America  than  this  great  water  divide  of 
our  continent.  The  maps  which  are  now  in  process  of  construction  in  the 
office,  and  which  will  be  issued  to  the  public  in  the  course  of  the  present 
year,  will  almost  entirely  change  the  geography  of  this  wonderful  region. 
Within  a  radius  of  ten  miles,  may  be  found  the  sources  of  three  of  the 
largest  rivers  in  America.  The  general  elevation  is  from  7,000  to  8,000 
feet  above  the  sea,  while  the  mountains  whose  eternal  snows  form  the 
sources  of  these  great  rivers,  rise  to  a  height  of  10,000  to  12,000  feet. 
Flowing  northward  are  the  numerous  branches  of  the  Missouri, 
u  Yellowstone,  and  Wind  Rivers,  which  all  eventually  unite  into  one 
mighty  stream,  the  Missouri !  To  the  south  are  the  branches  of  Green 
River,  which  unit^  with  the  Colorado  and  finally  empties  into  the  Gnlf 
of  California,  while  south  and  west  fiow  the  branches  of  Snake  River, 
which,  uniting  with  the  Columbia,  pour  their  vast  volume  of  water  into 
the  Pacific. 

The  exploration  of  this  remarkable  water  divide  proves  that  the  Mad- 
ison Fork  has  its  source  in  a  small  lake  not  hitherto  noted  on  any  map, 
and  that  the  so-called  Madison  Lake  belongs  entirely  on  the  Pacific 
slope.  This  latter  lake  was  found  to  be  about  twelve  miles  long  and 
eight  miles  wide.  From  this  body  of  water  flows  a  stream  nearly  one 
hundred  feet  wide,  which,  after  a  distance  of  about  five  miles,  empties 
into  a  second  lake  which  is  four  miles  long  and  one  and  a  half  miles  wide. 
The  former  of  these  lakes  was  named  Lake  Shoshone,  and  the  latter 
Lake  Lewis,  in  honor  of  the  great  pioneer  explorer  of  the  Northwest. 

At  the  upper  end  of  Lake  Shoshone  a  new  geyser  basin  was  discovered, 
with  from  seventy-five  to  one  hundred  springs,  many  of  them  geysers  of 
considerable  power.  The  ornamentation  about  these  springs  was  regarded 
as  more  interesting  and  elaborate  than  those  in  Fire  Hole  Basin.  *The 
divide  between  the  Yellowstone  Lake  and  Lake  Lewis  was  found  to  be 
about  50  feet  above  the  former,  and  200  feet  above  the  latter.  This  low 
ridge  in  the  great  water  divide  of  the  continent  has  doubtless  given  rise 
to  the  story  of  the  Two-Ocean  River,  and  such  a  stream  has  found  its 
way  to  most  of  our  printed  maps. 

From  the  summit  of  Red  Mountain  the  scope  of  vision  embraced  a 
radius  of  one  hundred  and  fifty  miles,  within  which  four  hundred  and 
seventy  mountain-peaks  worthy  of  a  name  could  be  distinctly  observed. 
The  area  that  could  be  swept  by  the  eye  from  this  point  could  not  have 
been  less  than  fifty  thousand  square  miles,  embracing  every  variety  of 
grand  and  beautiful  scenery,  of  mountain  and  valley,  probably  without 
a  parallel  on  the  continent.  Ten  large  lakes  and  several  smaller  ones 
were  embraced  in  the  view,  and  the  entire  Yellowstone  Park  was  spread 
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oat  ander  the  eye.  To  those  who  are  familiar  with  the  remarkable 
parity  of  the  atmosphere  in  the.8e  high  latitudes,  these  statements  need 
not  appear  incredible.  To  the  east  the  Wind  liiver  and  Big  Horn 
Banges,  with  the  snow-clad  summits  of  Fremont's,  Union,  and  Cloud 
PeakSy  bounded  the  view.  On  the  north  the  Yellowstone  Eauge,  with 
Emigrant  Peak  and  many  of  the  loftiest  mountains  in  Montana,  were 
clearly  seen.  To  the  west  the  numerous  ranges  comprised  in  what  are 
called  tJie  Salmon  Elver  Mountains  of  Idaho  form  the  horizon  of  vision 
in  that  direction,  while  the  mountains  near  Fort  Hall  and  the  Wahsatch 
Range  completed  the  mighty  amphitheater.  This  remarkable  view  em- 
braced a  large  portion  of  V7yoming,  Montana,  Idaho,  and  Utah  Terri- 
tories. 

Aboat  forty  small  streams,  which  unite  and  form  the  upper  portion  of 
Snake  Biver,  were  carefully  examined.  The  party  then  proceeded  down 
the  valley  of  Snake Biver,  through  its  remarkable  canons,  examined  Jack- 
son's Lake  and  the  nnmeroas  streams  that  empty  into  the  main  river  on 
either  side.  About  the  middle  of  October  the  party  arrived  at  Fort 
HaU,  where  it  was  soon  after  disbanded. 

It  will  be  seen  from  this  report,  and  the  more  elaborate  final  reports 
which  will  follow  in  due  time,  that  the  scientific  as  well  as  the  practical 
results  of  these  explorations  are  of  great  importance  to  the  material  in- 
terests of  the  West.  They  have  already  enlisted  the  interest  and  sym- 
pathy of  all  classes  of  intelligent  people  of  our  country  from  Maine  to 
JFlorida,  as  the  numerous  letters  and  applications  for  the  reports  atford 
ample  testimony. 
The  two  principal  field  parties  were  organized  as  follows : 
The  first  division — Adolf  Burck,  chief  topographer^  Henr^  Gannett, 
astronomer;  A.  E.  Brown,  assistant  topographer;  £.  B.  Wakefield, 
meteorologist ;  Dr.  A.  G.  Peale,  mineralogist ;  W.  H.  Holmes,  artist ; 
Walter  B." Piatt,  naturalist;  W.  B.  Logan,  secretary;  A.  E.  Bingham, 
Joseph  Savage,  and  T.  O.  C.  Sloane,  general  assistants. 

Second,  or  Snake  Biver  division — James  Stevenson,  director;  Profes- 
sor Frank  H.  Bradley,  chief  geologist;  W.  B.  Taggart,  assistant  geolo- 
gist ;  Gustavus  B.  Bechler,  chief  topographer ;  Budolph  Bering  and 
Thomas  W.  Jaycox, assistant  topographers;  William  Nicholson,  meteor- 
ologist;  John  M.  Coulter,  botanist;  Dr.  Josiah  Curtis,  surgeon  and 
microscopist ;  C.  Ilart  Merriam,  ornithologist ;  Campbell  Carrington, 
naturaiist;  William  H.  Jackson^  photographer;  Charles  B.  Campbell, 
assistant ;  Bobert  Adams,  P.  J,  Beveridge,  J.  S.  Negley,  W.  A.  West, 
S.  F.  Hamp,  T.  B.  Brown,  and  S.  C.  Jones,  general  assistants;  Hon.  K 
P.  Langford,  G.  S.  Spencer,  and  Dr.  Beagles  accompanied  tlie  Snake 
Biver  division  from  Fort  Hall  as  guests.    Mr.  William  Blackmore  of 
LoDdon,  England,  accompanied  my  party  from  Fort  Ellis  to  the  Geyser 
Ba«in  for  several  weeks  as  guest,  for  the  purpose  of  examining  the  Nii- 
tional  Park. 
Altbongh  most  of  the  members  of  both  parties  labored  with  great  zeal 
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to  advance  the  objects  of  the  survey,  yet  the  burden  of  executive  duty 
was  so  great  in  managing  the  affairs  of  so  large  an  organization  tliat  a 
large  part  of  my  time  and  force  has  been  abstracted  from  the  purely 
scientific  labors,  and  for  this  reason  my  personal  report  will  be  much 
less  elaborate  and  important  than  heretofore.  I  trust,  however,  that  the 
report  as  a  whole  will  not  be  surpassed  in  interest  and  value  by  any  of 
the  preceding  ones. 

My  first  assistant,  Mr.  James  Stevenson,  performed  his  duties  with 
his  usual  zeal  and  fidelity.    In  his  management  of  the  Snake  River 
party,  he  exhibited  executive  abilities  of  the  highest  order.    Professor 
Bradley  made  some  important  discoveries  in  geology.    The  discovery  of 
an  upper  member  of  the  Potsdam  group  will  prove  an  important  addi- 
tion to  our  knowledge  of  western  geology.    Among  the  fossils  brought 
back  by  Professor  Bradley,  Mr.  Meek  has  identified  the  equivalent  of 
the  Spergen  Hill  beds  of  Indiana,  (Saint  Louis  limestone  of  the  western 
carboniferous  series.)    The  report  of  Dr.  A.  C.  Peale  will  show  his  great 
industry  and  care.    I  regard  it  as  one  of  much  importance.     W.  H. 
Holmes,  as  artist,  rendered  most  important  services  in  all  departments  of 
the  survey.    Hia  sections  and  sketches  have  proved  useful  not  only  for 
the  geological  reports,  but  have  been  of  great  value  to  the  topographers 
in  preparing  their  maps.    Mr.  William  H.  Jackson,  the  photographer, 
was  more  successful  than  in  any  preceding  year.    In  testimony  of  the 
importance  of  his  labors,  I  quote  from  a  notice  of  his  photographs  from 
the  January  number  of  the  American  Journal  of  Sciences,  by  Professor 
J.  D.  Dana : 

Next  to  a  personal  visit  to  this  land  of  geysers,  bot  springs,  fountains  of  boiling 
mud,  waterfalld,  lakes,  and  majestic  mountains,  is  a  morning  spent  over  these  photo- 
graphs. Thej  would  do  credit  to  the  best  photographic  laboratory,  and,  considering  the 
difficulties  inherent  in  a  long  and  arduous  journey,  they  are  really  admirable.  The 
Yellowstone  series  weU  illustnites  the  advantage  of  photography  over  any  hand-draw- 
ings in  bringing  out  details  of  structure,  especially  where  the  artist  is  guided  by  the 
geologist  in  selecting  the  best  points  of  view.  Among  the  novelties  which  are  a  posi- 
tive addition  to  our  knowledge  of  orography  we  mention  particularly  the  views  of  the 
Three  Tetons.  Among  the  geyser  views  there  are  two  of  "  Old  Faithful  "in  full  action 
which  are  exceedingly  effective ;  others  of  basins  and  cones  in  which  the  varied  tracery 
of  the  surface  may  be  studied  with  much  of  the  satisfaction  to  bo  had  from  actual  ex- 
amination ;  others,  of  long  cascade  slopes  which  have  been  gracefully  terraced  by  the 
mineral  depositions  of  the  waters,  and  whose  basins,  brimful  to  their  delicate  edges 
with  the  petrifying  waters,  reflect  mirror-likethe  surrounding  objects;  others  showing 
large  areas  of  the  geyser  region  with  the  geysers  in  action.  Such  views  give  an  oppor- 
tunity for  the  geologist  to  compare  beds  of  chemical  deposition  with  our  ordinary 
limestones. 

Mr.  C.  Hart  Merriam^s  report  will  show  bis  zeal  in  bis  special  depart- 
ment. Mr.  John  M.  Coulter  acted  as  botanist,  and  his  report  exbits  an 
unusual  number  of  species  of  plants  for  a  single  season^s  labor.  Mr. 
Walter  B.  Piatt  made  interesting  collections  about  the  sourcesof  the  Yel- 
lowstone and  Missouri  Kivers.  The  plants  were  added  to  those  of  Mr. 
Coulter,  and  the  birds  and  mammals  to  those  of  Mr.  Merriam.    The  new 
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species  of  plants  have  been  described  by  the  eminent  botanist,  Profes- 
sor Thomas  G.  Porter,  of  Easton,  Pennsylvania.  Of  flowering  plants 
there  were  one  new  genus  and  six  new  species,  besides  several  varieties. 
They  number  about  nine  hundred  species.  Of  grasses  there  were  about 
sixtyspecies;  mosses,  fifty-three;  lichens,  with  probably  one  new  species 
and  two  new  to  this  continent,  sixty-seven;  other  cryptogamia,  with 
two  new  species  of  fungi,  seventy.  There  will  probably  be  one  thousand 
two  hundred  species  in  all.  The  report  of  Dr.  Curtis,  on  the  micro- 
scopic forms  of  that  region,  and  especially  about  the  hot  springs,  must 
prove  of  interest  to  microscopists. 

It  is  believed  that  the  results  of  the  survey  as  a  whole  will  be  found 
to  be  worthy  of  the  liberal  appropriation  made  by  Congress  for  the 
poipose. 

The  results  of  the  labors  of  the  topographical  corps  will  be  visible  in 
the  series  of  maps,  which  will  be  published  as  soon  as  possible.  Some 
of  the  smaller  ones,  prepared  by  Mr.  Bechler,  accompany  this  report. 
Mr.  Bechler  labored  with  the  utmost  zeal  and  fidelity,  and  his  maps  of 
the  Snake  River  Valley  and  its  tributaries  cannot  but  prove  a  most  im- 
portant addition  to  the  geography  of  one  of  the  least  known  portjpns 
of  oar  continent.  The  observations  for  latitude  and  longitude  were 
taken  by  Mr.  Rudolph  Bering,  who  also  superintended  tbe  meteorolog- 
ical observations.  He  was  assisted  in  the  field  by  Mr.  Jaycox.  Mr. 
William  Nicholson  remained  at  Fort  Hall  and  made  a  most  valuable 
series  of  meteorological  observations.  Mr.  Adolph  Burck,  assisted  by 
Messrs.  Gannett  and  Brown,  secured  the  materials  for  a  map  of  the 
Yellowstone,  Madison,  and  Gallatin  Rivers,  with  their  branches,  com- 
prising an  area  of  about^  nine  thousand  square  miles.  The  sudden 
death  of  Mr.  Burck  before  the  completion  of  his  map,  threw  additional 
labor  upon  Mr.  Gannett.  Mr.  Gannett  has  performed  his  duties  both  in 
the  field  and  in  the  office  with  the  highest  credit  to  himself  and  to  the 
Burvey. 

Besides  the  two  main  parties,  several  smaller  parties  have  been  oper; 
atmg  under  the  auspices  of  the  survey  in  dififerent  portions  of  the  West. 
It  is  a  part  of  the  policy  of  the  survey  to  invite  distinguished  special- 
ists to  examine  some  of  the  more  obscure  and  difficult  problems  in  the 
geology  of  the  West.  There  has  been  for  a  long  time  some  differences  of 
opinion  in  regard  to  the  exact  age  of  some  portions  of  the  Cretaceous 
and  Tertiary  groups  of  the  West.  I  desired  to  gather  all  the  evidence 
that  could  be  secured  for  the  solution  of  the  question  the  present  sea- 
son. Professor  Joseph  Leidy  and  Professor  E.  D.  Cope  spent  a  large 
part  of  the  summer  in  studying  the  ancient  lake-basins  in  the  interior 
of  the  continent,  which  have  now  become  celebrated  all  over  the  world 
for  the  richness  and  variety  of  their  vertebrate  fossils.  These  eminent 
gentlemen  were  most  successful  and  obtained  a  vast  quantity  of  valu- 
able material,  which  will  be  embodied  in  a  series  of  memoirs  illustrated 
with  plates,  which  will  form  volume  I  of  the  quarto  series  of  final  reports. 
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Part  r,  volume  I,  by  Professor  Leidy,  containinfif  thirty-six  plates,  is  now 
passing  through  the  press.  Part  II,  by  Professor  Cope,  with  fifty  to  sixty 
plates,  will  be  ready  for  publication  during  the  year. 

Professor  Leo  Lesquereux,  our  great  authority  in  fossil  botany,  made 
a  careful  study  of  the  coal  regions  of  the  West,  with  one  assistant,  and* 
procured  a  mass  of  valuable  information  and  many  new  species  of  fos- 
sil plants.  He  has  been  engaged  for  some  time  past  on  an  exhaustive 
memoir  on  the  ancient  flora  of  the  Cretaceous  and  Tertiary  formations 
west  of  the  Mississippi  in  the  service  of  the  survey.  This  will  form 
Part  II,  volume  II.  Part  I,  by  Dr.  J.  8.  Newberry,  containing  about 
sixty  plates,  is  nearly  ready  for  publication. 

Volume  III,  by  the  eminent  paleontologist,  Mr.  F.  B.  Meek,  will  contain 
the  invertebrate  fossils  of  the  survey,  with  about  eighty  plates.  About 
forty  of  the  plates  have  been  engraved.  Mr.  Meek,  assisted  by  Mr.  H. 
M.  Bannister,  spent  about  two  months  during  the  past  summer  along 
the  line  of  the  Union  Pacific  Railroad  and  procured  much  evidence  from 
the  fossil  invertebrata.  All  these  gentlemen  have  prepared  essays  of 
great  value  for  the  present  annual  report. 

Volume  IV  will  contain  the  profiles,  sections,  and  other  illustrations 
with  descriptive  text  by  the  chief  geologist.  Part  I  will  contain  abont 
one  hundred  illustrations,  printed  by  the  Albertype  process  from  pho- 
tographic negatives  tiikeu  by  Mr.  Jackson.  The  views  will  embrace  some 
of  the  most  remarkable  scenery  of  the  West.  Part  II  will  contain  the 
profiles  and  sections,  with  suitable  descriptive  text. 

Volume  V  will  embrace  memoirs  on  the  recent  zoology  and  botany  of 
the  survey.  The  first  memoir  of  this  volume,  "  Synopsis  of  Acridida 
of  North  America,''  by  Professor  Cyrus  Thomas,  is  now  passing  througk 
the  press.  Special  memoirs  by  the  most  eminent  authorities  are  in 
preparation  on  the  new  species  of  mammals,  birds,  fishes,  reptiles,  in- 
sects, indeed  all  the  new  forms  of  life,  animal  or  vegetable,  collected  by 
the  survey. 

It  will  be  seen  that  the  survey  contemplates  two  classes  of  publica- 
tions :  the  annual  reports  and  miscellaneous  memoirs  in  octavo,  contain- 
ing an  account  of  the  preliminary  work,  catalogues  and  such  matter  as 
may  be  regarded  of  popular  interest,  and  are,  therefore,  printed  in  large 
editions  and  distributed  to  the  people  generally,  and  a  series  of  quarto 
volumes  which  will  contain  the  new  and  more  technical  results  of  the 
survey.  The  quarto  volumes  may  be  regarded  as  containing  positive  ad- 
ditions to  knowledge,  and  are  intended  more  especially  for  distribution 
to  libraries  and  men  of  science. 

The  collections  of  the  survey,  which  are  very  great  in  all  departments, 
are  deposited  in  the  Smithsonian  Institution,  in  accordance  with  a  law  of 
Congress.  The  first  and  most  complete  series  will  be  selected  for  the 
National  Museum,  and  the  duplicates  divided  into  sets  and  distributed 
to  the  museums  and  institutions  of  learning  in  our  country. 

I  have  again  the  pleasure  of  acknowledging  important  favors  from  the 
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BiIitfiTy  aatborities.  Hon.  W.  W.  Belknap,  Secretary  of  War,  issued 
the  same  order  on  the  military  posts  of  tbre  West  as  last  year.  His  per- 
sonal interest  in  the  snccess  of  the  survey  has  been  of  great  material 
value.  There  is  not  space  to  mention  the  names  of  all  the  officers  who 
exhibited  a  kindly  interest  in  our  success.  From  General  Ord,  com- 
mander of  Department  of  the  Platte,  at  Omaha,  our  party  received  the 
most  prompt  and  generous  aid  in  every  way  in  his  power.  He  has 
always  manifested  the  greatest  interest  in  the  exploration  and  develop- 
ment of  the  West  by  all  parties,  civil  or  military. 

By  Colonel  O.  A.  Beynolds,  of  Fort  D.  A.  Eussell,  Captain  Putqam, 
Lieatenants  King  and  Nelson  of  Fort  Hall,  and  Major  Forsyth  and 
lieatenant  McAdams,  of  Fort  Ellis,  special  favors  were  granted^  for 
which  I  beg  them  to  accept  my  cordial  thanks.  By  the  citizens  of  the 
western  Territories  everywhere  we  were  always  received  with  great 
good  will  and  aided  in  our  work.  To  his  excellency  Governor  Potts, 
J.  JL  Oorbett,  A.  6.  Knight,  and  Baymoud  Brothers,  of  Virginia  City ; 
to  Willson  and  Rich  and  Nelson  Story,  of  Bozeman,  Warren,  Hussey 
&  Co.,  Salt  Lake  City,  and  Nat  Stein,  of  Gorinne,  and  many  others,  we 
are  nnder  many  obligations  for  fayors  of  great  importance. 

To  the  officers  of  the  Union  Pacific  Bailroad,  Hon.  Horace  F.  Glark, 
pie»dent,  and  General  T.  E.  Sickles,  general  superintendent,  the  survey 
is  QDder  the  mo»t  important  material  obligations  for  free  transportation 
for  nearly  all  the  members  of  the  party.  From  the  Central  Pacific, 
Kansas  Pacific,  Denver  Pacific,  Chicago,  Burlington  and  Quincy,  and 
the  Denver  and  Bio  Grande  roads  we  received  a  liberal  number  of  passes. 
I  wish  to  extend  my  cordial  thanks  to  the  officers  and  employes  of  all 
the  railroads  of  the  West  for  uniform  courtesy  and  marked  sympathy  in 
all  onr  operations. 

I  would  again  express  my  sincere  thanks  to  the  press  in  all  parts  of 
our  cootttry  for  their  uniform  interest  and  encouragement  in  our  work. 
Since  the  commencement  of  our  surveys  in  the  West,  there  has  not  been 
an  unkind  expression  from  the  press,  secular  or  scientific,  in  this  country 
or  iu  Europe. 

To  the  editors  of  the  Illustrated  Christian  Weekly  I  am  indebted 
for  some  most  valuable  electrotypes  which  have  been  used  in  this 
report.  Thanks  are  also  due  to  Professors  Henry  and  Baird,  of  the 
Smithisonian  Institution,  for  many  favors  of  great  value. 

The  snccess  which  has  attended  the  operations  of  the  survey  for  the 
past  six  years ;  the  publication  of  six  annual  reports  which  have  been 
feoeived  with  great  favor  not  only  by  the  people  of  our  own  country, 
bat  in  all  parts  of  the  world,  would  appear  to  entitle  it  to  the  continued 
confidence  of  Congress,  Its  organization  is  becoming  more  efficient  and 
more  perfect  every  year,  and  it  is  believed  that  it  occupies  a  position 
under  the  General  Government  not  filled  by  any  other  body  devoted  to 
kindred  pursuits.  From  the  great  interest  which  the  people  of  our 
country  have  continually  manifested  in  its  success,  it  would  appear  to 
supply  an  existing  want,  and  it  is  capable  of  expansion  to  meet  the 
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necessities  of  the  Goverument  so  far  as  its  duties  are  concerned.  I  there- 
fore venture  to  ask  that  additional  power  be  given  it  to  increase  it^  effi- 
ciency, that  it  may  continue  to  command  the  respect  not  only  of  men  of 
science,  but  of  the  intelligent  world  generally. 

To  render  tlie  organization  more  perfect,  so  far  as  the  topographical 
portion  is  concerned,  Mr.  J.  T.  Gardner,  so  long  favorably  known  as 
the  chief  topographer  of  the  geological  survey  of  the  fortieth  parallel, 
under  the  direction  of  Mr.  Clarence  King,  has  become  associated  with 
me  as  chief  of  the  topographical  staff.  Mr.  Gardner  brings  with  him 
to  this  duty  the  ripe  experience  of  ten  years  of  topographical  work,  ex- 
tending over  an  area  from  the  Pacific  coast  to  the  east  base  of  the  Rocky 
Mountains.  Mr.  Gardner  thus  expresses  his  conception  of  a  true  toi>o- 
graphical  map  for  geological  purposes : 

For  making  maps  saited  to  geological  purposes  it  is  necessary  to  carry  over  the 
conntry  a  systematic  trigonometric  and  topographical  survey,  checked  by  astrononiL 
cal  observations.    The  maps  must  represent  the  features  of  the  conntry  accurately,  and 
in  bold  relief;  or,  in  other  words,  they  must  be  a  picture  of  the  earth's  surface  as  one  > 
would  see  it  looking  down  from  above. 

The  work  of  the  survey  as  contemplated  by  the  present  organization 
demands  the  very  highest  order  of  talent.  To  command  this,  it  is  neces- 
sary that  the  young  men  who  may  embark  in  this  enterprise  should  feel 
a  confidence  in  the  permanency  of  the  work,  instead  of  regarding  it  as 
a  stepping-stone  to  more  lucrative  positions.  Each  professional  assist- 
ant is  worth  to  the  Government  from  50  to  100  per  cent,  more,  every 
succeeding  year.  To  make  thorough  astronomical,  topographical,  mete- 
orological, geological,  and  botanical  researches,  and  to  develop  the  min- 
ing and  agricultural  resources  properly,  trained  experts  in  all  the  differ- 
ent departments  are  absolutely  essential.  Such  men  to  identify  them- 
selves permanently  with  the  survey  must  be  paid  in  proportion  to  their 
abilities. 

In  conclusion,  I  would  again  extend  my  cordial  thanks  to  the  honora- 
ble Secretary  of  the  Interior,  and  to  Hon.  B.  B.  Cowen,  Assistant  Secre- 
tary, for  their  prompt  action  and  sympathy  in  every  moveirent  that 
tended  to  promote  the  best  interests  of  the  survey.  The  broad  discre- 
tion and  freedom  of  action  which  has  at  all  times  been  given  to  the  Chief 
Geologist  under  the  Department  of  the  Interior  have  contributed  very 
greatly  to  its  success. 

Very  respectfully,  your  obedient  servant, 

F.  V.  HAYDEN, 

United  States  Oeologint 

Hon.  C.  Delano, 

Secretary  of  the  Interior. 
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CHAPTER  I. 

INTRODUCTORY. 


I  bad  intended  in  this  report  to  present  a  careful  rSsumS  of  the  geol- 
ogy of  the  Northwest,  so  far  as  my  explorations  have  extended ;  bat  the 
nDasoal  pressure  of  executive  duties,  in  connection  with  so  large  a  party, 
has  prevented  me.  I  shall,  therefore,  in  this  chapter  pass  hastily  in 
review  some  of  the  more  important  points  that  occur  along  our  route, 
from  Cheyenne  to  the  Yellowstone  region. 

I  will  first  notice  briefly  the  lignitic  formations  as  they  appear  along 
oar  route.  Inasmuch  as  there  has  been  some  diversity  of  opinion  among 
geologists  in  regard  to  the  precise  position  in  the  geological  scale  of  the 
great  coal  or  lignitic  group  of  the  West,  I  desired  to  secure  all  the  evi- 
dence possible  bearing  on  that  point.  For  this  purpose  Professor  Leo 
Lesquereox,  our  great  authority  on  fossil  botany,  was  directed -to  spend 
a  few  months  in  exploring  the  coal-beds  of  the  West.  He  passed  along 
the  Kansas  Pacific  Railway  to  Denver,  Colorado,  examining  the  Creta- 
eeoQS  coal-beds  on  the  route.  From  Denver  he  proceeded  along  the 
base  of  the  mountains  te  Santa  F^,  and  returning,  made  a  careful  study 
of  the  coal-groups  as  shown  in  the  vicinity  of  Denver.  He  then  visited 
the  principal  points  of  interest  along  the  Union  Pacific  Railroad  to  Salt 
Lake  City.  The  reader  is  referred  to  his  valuable  reports  in  this  vol- 
ume for  the  results  of  his  Examinations. 

Besides  the  lignitic  group,  there  is  a  series  of  extensive  lake-basins 
in  the  interior  of  our  continent  which  have  already  yielded  an  astonish- 
ing number  of  remarkable  vertebrate  remains.  Inasmuch  as  greater 
weight  is  attached  by  some  geologists  to  the  testimony  of  the  higher 
order  of  organic  remains.  Professor  Joseph  Leidy  and  Professor  E.  D. 
Cope,  both  of  whom  are  justly  regarded  as  the  most  eminent  compara- 
tive anatomists  of  our  country,  made  a  careful  exploration  of  the  lignitic 
and  more  modem  lake  groups,  under  the  auspices  of  the  survey.  Their 
reports,  appended  to  this  volume,  will  throw  great  light  on  the  age  of 
these  formations. 

Mr.  F.  B.  Meek,  paleontologist  of  the  survey,  assisted  by  Mr.  H.  M. 
Bannister,  made  a  careful  study  of  the  lignitic  group  from  the  inverte- 
brate side,  and  their  reports  contain  most  valuable  results.  The  time 
has  been  so  short  for  the  preparation  of  this  report  that  I  have  not  been 
able  to  examine  the  results  of  the  studies  of  these  eminent  gentlemen, 
and  therefore  cannot  present  their  conclusions  in  regard  to  the  age  of 
these  deposits  with  certainty.  I  am  of  the  impression,  however,  that 
Professor  Lesquereux  concludes,  from  his  study  of  the  fossil  plants,  that 
the  lignitic  strata  are  mostly  £ocene.  Mr.  Meek  believes  them  to  be 
upper  Cretaceous,  passing  up  through  a  series  of  transition  beds  to 
Ecfcene;  while  Professor  Cope  regards  them  as  of  Cretaceous  age. 
M  these  gentlemen  must  be  regarded  as  individually  responsible  for 
the  opinions  expressed  in  their  reports. 
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I  will  just  here  state  briefly  the  history  of  the  growth  of  the  evidence 
in  regard  to  the  age  of  the  lignitic  group  as  expressed  in  my  previous 
reports.    As  far  back  as  1854  and  1855,  the  writer  was  exploring  the 
Tertiary  formations  along  the  Missouri  Eiver,  and  made  large  collec- 
tions of  shells  and  plants,  most  of  which  were  new  to  science.    These 
explorations  were  continued  each  year  up  to  the  autumn  of  1860,  in 
various  parts  of  the  Northwest,  and  annually  large  additions  were  made 
to  the  collections  both  of  vegetable  and  animal  remains.    The  shells 
were  all  of  extinct  species,  of  brackish  or  fresh-water  origin,  and,  while 
they  did  not  appear  to  be  positively  characteristic  of  any  age,  were 
regarded  by  Mr.  Meek  as  more  nearly  resembling  Tertiary  types  than 
any  other.    The  fossil  plants  were  mostly  of  extinct  species;  and  in  his 
most  valuable  chapters  contributed  to  the  ^'  Eeport  of  the  Exploration 
of  the  Yellowstone  and  Missouri  Rivers,"  during  the  years  1859-'60,  Dr. 
Newberry  expressly  states  that  they  are  of  Tertiary  age,  and  most  prob- 
ably Miocene.    Now,  thes^  lignitic  strata  occupy  a  vast  area  in  the 
Upper  Missouri  Valley,  extending  far  southward,  with  very  little  inter- 
ruption, to  New  Mexico,  and  westward  into  the  interior  of  the  contineut. 
I  have  many  times,  in  my  previous  reports,  expressed  the  opinion  that 
the  lignitic  formations  of  the  West  were  all  portions  of  one  great  group, 
interrupted  here  and  there  by  mountain-chains,  or  concealed  by  more 
modern  deposits.    Having,  therefore,  fixed  the  age  of  these  beds  on  the 
Upper  MiSvSouri,  and  subsequently  tracing  them  across  the  country, 
southward  below  Santa  F^,  and  westward  nearly  to  Salt  Lake  Valley, 
I  ventured  to  express  the  opinion,  from  the  identity  of  the  fossil  flora, 
that  all  the  lignitic  strata  of  the  West  might  be  of  Tertiary  age.    In  the 
summer  of  1868, 1  made  an  examination  of  the  lower  coal-beds  at  Bear 
Eiver  City  and  at  Coalville,  Utah,  and  made  the  statement  that  the 
evidence  seemed  to  point  to  the  Cretaceous  age  of  these  beds.    Since 
that  time  the  proof  of  the  Cretaceous  age  of  the  lower  coal-beds  in  (Jtah, 
especially  at  Bear  River  and  Coalville,  appears  to  be  conclusive.  'But 
if  we  admit  that  the  coal-beds  of  Wyoming  and  Colorado  are  all  of  Cre- 
taceous age,  I  think  we  may  extend  them  all  over  the  Northwest  and 
ignore  the  evidence  from  the  fossil  flora  entirely.    The  facts,  as  we  pos- 
sess them  at  the  present  time,  seem  to  point  to  the  conclusion  that  the 
deposition  of  the  lignitic  strata  commenced  during  the  latter  portion  of 
the  Cretaceous  period,  and  continued  on  into  Tertiary  times  without  any 
marked  physical  break,  so  that  many  of  the  Cretaceous  types,  espe- 
cially of  the  vertebrata,  may  have  lingered  on  through  the  transition- 
period,  even  into  the  Tertiary  epoch.    I  propose  to  discuss  this  very 
important  problem  in  detail  at  some  future  time.    Each  year's  explora- 
tion adds  immensely  to  our  knowledge  of  the  vast  Cretaceous  and  Terti- 
ary groups  of  the  West,  and  the  time  cannot  be  far  distant  when  the 
facts  accumulated  will  enable  us  to  reconstruct  the  physicid  history  of 
those  remarkable  periods. 

Although  the  survey  began  its  labors  near  Ogden  in  the  Great  Salt 
Lake  Basin,  yet  we  shall  delay  only  to  note  a  few  features  which  seem 
important.  The  geology  of  this  great  basin,  from  the  Sierras  to  the 
Wahsatch  Range,  will  doubtless  be  ably  discussed  in  the  forthcoming 
volumes  of  Mr.  Clarence  King,  in  charge  of  the  geological  exploration 
of  the  fortieth  parallel.  The  results  of  this  survey  will  prove  of  the 
highest  importance  to  Rocky -Mountain  geology.  The  survey  under  my 
charge  is  annually  accumulating  materials  looking  toward  a  more  com- 
plete discussion  of  the  principal  geological  features  of  this  interior 
region,  should  the  much-looked-for  period  of  leisure  ever  arrive  to  digest 
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tbem.    A  portion  of  the  observations  made  on  several  expeditions  have 
been  given  in  the  reports  of  the  survey  for  the  years  1870  and  1871. 

By  examining  a  good  map  of  Utah,  it  will  be  seen  that  the  Wahsatch 
Range  forms  the  eastern  boundary  of  the  great  interior  basin.    In  many 
respects  this  is  the  most  remarkable  range  of  monntains  in  the  interior 
of  onr  continent.    Mr.  King,  in  Chapter  YII,  Mining  Industry,  has 
briefly  bnt  most  graphiciilly  described   its   general  strncture.     He 
remarks  that  the  materials  of  this  range  are  identical  with  the  numer- 
ous great  chains  of  the  interior  basin,  though  developed  on  a  scale  of 
gnuideor  observed  nowhere  else.    The  basis  rocks  are  a  series  of  alter- 
natiDg  layers  of  qnartzose,  mica  and  hornblendic  schists.    Above  these 
rests  a  heavy  bed  of  quartzite,  with  very  regular  and  marked  strati^ ca- 
tion.   Above  the  quartzite  comes  a  bed  of  very  hard  a^hen-gray  lime- 
stones, probably  of  Silurian  age ;  then  a  group  of  shales,  clays,  quartzites, 
&C.;  and  then  a  great  thickness  of  limestones,  the  upt^er  portion  of  which 
has  been  shown  by  the  organic  remains  to  b^  of  Carboniferous  age.    In 
the  Weber  Canon  and  on  the  east  side  of  the  range  from  Ogden,  there  is  a 
large  groupof  quartzites,  passing  up  into  siliceous  limestones  and  capped 
^th  a  hed  of  red  sandstone,  which,  so  far  as  my  own  observations  are  con- 
oemed,  is  of  doubtful  age,  but  may  be  Triassic.    Above  these  comes  a 
thiek  group  of  bluish-gray  limestones,  with  characteristic  Jurassic  fossils. 
These  ranges,  which  seem  to  me  to  run  in  nearly  parallel  lines,  about  north 
and  south,  appear  to  possessa  common  structure  and  point  to  a  common 
origin,  and  cannot  be  treated  in  a  comprehensive  manner  except  by  a 
g^logist  familiar  with  the  entire  basin  and  its  surroundings.    These 
ranges  rise  up  in  long,  sharp  ridges,  apparently'  from  the  plains,  while 
the  lowlands  are  covered  with  a  group  of  modern  deix)sits,  which  jut  up 
against  the  base  of  the  mountain-chains  on  either  side.     Since  the 
crampling,  or  folding,  of  the  earth's  crust,  which  gave  origin  to  this 
wonderful  aeries  of  mountain-chains,  the  erosion  has  been  immense.    It 
is  most  probable  that  at  a  comparatively  modern  period  the  vast  area 
between  the  Wahsatch  Mountains  on  the  east  and  the  Sierra  Nevada 
on  the  west  was  one  great  lake,  the  mountains  rising  up  as  islands  in 
this  vast  inland  sea.    The  lakes,  large  and  small,  which  we  find  scat- 
tered over  the  basin  at  the  present  time,  are  only  remnants  of  this  for- 
mer sea.    The  modem  deposits  which  cover  the  lowlands  are  mostly 
caleareoas  and  arenaceous  beds,  and  sometimes  reach  a  thickness  of 
^  to  1,200  feet,  and  often  filled  with  fresh-water  or  land  shells,  indi- 
cating a  very  modem  origin,  probably  not  older  than  the  Pliocene 
period.    At  any  rate,  the  strata  are  all  horizontal  or  nearly  so,  showing 
that  no  disturbance  of  any  great  importance  has  occurred  since  their 
Reposition.    These  ranges  of  mountains  extend,  with  greater  or  Jess 
intervals  in  their  continuity,  far  northward  into  Idaho  and  Montana. 
Certain  changes  in  the  details  of  structure  are  apparent  as  we  pass 
northward  to  Snake  River  Basin,  but  there  is  a  remarkable  similarity  in 
the  rock-materials  as  far  as  the  great  water-divide  of  the  continent, 
when  rather  marked  changes  occur  in  the  mountain-ranges  of  Montana, 
where  the  quartzites  give  place  to  great  thic^knesses  of  limestones. 
Indeed,  in  Montana  the  quartzites,  which  are  so  well  shown  in  Utah,  have 
Doezistenee,  though  far  to  the  westward  in  the  Salmon  River  Mountains 
they  continue  in  full  force.    We  have  not  the  materials  as  yet  for  a 
^tical  study  of  these  remarkable  folds  or  wrinkles  in  the  earth's  crust 
that  are  scattered  throughout  this  interior  basin,  more  or  less  parallel 
to  eaeh  other.    Sometimes  the  granitic  nucleus  is  revealed,  with  the 
Qachanged  beds  obscurely  exposed  around  the  sides  or  base  of  the  range. 
Usually  the  very  hard  limestones  have  served  as  a  sort  of  protection, 
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and  are  generally  seen  in  fall  force.  In  the  Wabsatch  Bange  some 
the  peaks  rise  to  the  regions  of  perpetual  snow,  and  on  either  side  de 
and  most  picturesque  canons  are  carved  out  of  the  solid  mass  into  t 
valleys  below.  Little  and  Big  Cottonwood  and  American  Fork  Gano 
are  only  examples  of  hundreds  of  these  wonderful  canons,  bavic 
on  either  side,  nearly  vertical  walls  1,000  to  2,000  feet  in  beigl 
The  Oquirrb  Mountains  at  the  south  end  of  Salt  Lake  form  a  fine  illi 
tration  of  an  oblong  quaquaversal,  an  interrupted  fold  or  puff,  with  t 
strata  inclining  at  various  angles  from  all  sides.  From  Lyon  Hill  t 
geologist  can  see  the  Carboniferous  limestones  inclining  southward  frc 
the  soutb  end  of  the  range,  and  as  he  follows  along  the  base  northwa 
the  quartzites,  shales,  or  limestones  which  compose  the  sedimenta 
group  incline  westward,  while  at  the  north  end  near  the  lake,  tl 
strata  bend  around,  and  apparently  dip  under  the  waters  of  the  lak 
while  on  the  east  side,  these  beds  incline  to  the  eastward,  and  apps 
ently  pass  under  the  valley.  We  can  see,  therefore,  that  these  valle; 
are  really  synclinals,  which  have  been  excavated  more  or  less  by  erosio 
The  islands  in  Salt  Lake  are  only  the  crests  of  these  folds,  while  tl 
waters  occupy  the  synclinal  valleys ;  and  this  remnant  illustrates  on 
small  scale  the  scenic  beauty  of  the  great  inland  sea  when  it  extendc 
over  the  entire  basin.  Ophir  Canon  is  one  of  the  deep  gorges  carved  oi 
of  the  west  side  of  the  Oquirrh  Bange,  at  right  angles  to  the  axis  of  elev 
tion,  revealing  the  strata  on  either  side  in  a  wonderfully  clear  manne 
Begularly-stratified  quartzites  rest  upon  a  series  of  granitoid  strat 
which  are  exposed  only  here  and  there  in  these  deep  gorges.  Tt 
quartzites  pass  up  into  micaceous  clays  or  shales,  then  gradually  up  int 
limestones,  in  which'are  located  some  of  the  richest  silver-mines  in  Utal 
It  is  quite  probable  that  the  lower  beds  of  quartzites  and  limestones  ai 
of  Silurian  age,  perhaps  as  old  as  the  Potsdam  group,  while  we  kuo' 
that  at  least  the  greater  portion  of  the  second  limestone-bed  is  of  Cai 
boniferous  age.  On  Lyon  Hill,  the  silver-mines  are  located  in  lim< 
stones  that  are  full  of  characteristic  Carboniferous  fossils.  Anothc 
interesting  feature  which  tends  to  complicate  the  structure  of  thes 
ranges  is  the  great  number  of  dikes  of  every  size.  In  some  instance 
the  igneous  matter  has  poured  out  over  a  considerable  area.  Again,  i 
has  never  reaehed  the  surface,  as  is  shown  only  in  the  deep  watei 
carved  gorges.  In  Brigham  CaHon,  on  the  east  side  of  the  Oquirri 
Bange,  are  several  well-marked  dikes ;  also  on  Lyon  Hill  and  Ophi 
Canon.  At  the  north  end  of  this  range  the  effect  of  erosion  is  we] 
shown  by  the  outcropping  edges  of  the  beds  of  limestone  that  ar 
exposed  on  the  bottom  and  extend  even  into  the  lake.  Black  rod 
appears  to  be  a  mass  of  Carboniferous  limestone,  a  remnant  of  a  be< 
that  once  extended  over  the  area  occupied  by  the  mountains,  but  nov 
probably  dipping  beneath  the  valley  and  the  lake-basin.  Church  Islam 
is  composed  almost  entirely  of  quartzites.  Antelope  Island  has  a  table 
shaped  top,  which  would  indicate  that  the  terraces  reached  as  h\g;]i  ai 
its  present  summit.  « 

As  a  fine  illustration  of  erosion  in  connection  with  these  remarkabh 
anticlinal  folds  and  synclinal  valleys,  we  might  take  the  Wahsatcl 
Bange  from  Salt  Lake  City  northward.  To  the  southeast  and  east  o: 
Salt  Lake  City  we  can  see,  with  great  clearness,  the  deep  water-wort 
canons  cleaving  the  mountains  from  summit  to  base,  while  on  either  side 
are  the  sharp  angular  peaks  rising  up  among  the  regions  of  perpetual 
snow.  Twin  Peaks  are  among  the  loftiest  of  the  range,  and  may  be  seer 
at  a  great  distance  on  either  side.  The  cafion  of  the  Little  Cottonwood 
is  one  of  the  most  picturesque  in  this  very  picturesque  region.    At  the 
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of  it  is  located  the  celebrated  Emma  Mine.  The  walls  on  either 
aide  rise  to  the  height  of  200  to  300  feet.  We  have  at  the  base  the 
beautiful  gray  massive  syenite,  which  is  employed  in  the  construction  of 
the  Mormon  Temple,  and  resembles  our  best  Quincy  granite.  Upon 
this  rests  a  series  of  feldspathic  gneiasic  strata,  and  upon  these  were 
deposited  the  lower  quartzites  uncouformably.  The  dip  of  the  gneiss  is 
soath  or  southeast,  while  the  quartzites  incline  north  or  east  of  north. 
The  order  of  superposition  is  most  clearly  shown  b.v  these  wonderful 
gorges.    But  as  examples  of  erosion  they  excite  wonder. 

The  evidence  of  drift  or  glacial  action  is  everywhere  seen  on  a 
grand  scale.  Thcjsidesof  the  caiions  are  worn  and  furrowed  by  the 
masses  of  snow  and  ice  that  have  slidden  down  for  centuries.  The 
waters  gathering  and  freezing  in  the  fissures  on  the  sides  and  margins 
of  the  canons  pry  off,  as  it  were,  immense  masses  of  rock,  which  fall 
down  into  the  valley  below.  Masses,  50  to  100  feet  in  diameter,  block 
ap  the  pathway.  Near  the  entrance  of  the  cailon  from  the  valley  the 
amount  of  drift-material  which  has  been  swept  down  from  above  is  pro- 
digions,  showing  the  results  of  forces  not  now  in  operation.  As  we  pass 
along  the  west  side  of  the  range,  we  shall  find  a  vast  thickness  of  the 
sedimentary  rocks,  ranging  through  the  Silurian,  Carboniferous,  Triassic, 
Jurassic,  and  Tertiary,  inclining  from  the  mountains  toward  the  plains, 
showing  the  original  anticlinal  structure  of  the  entire  range. 

In  City  Creek  Caiion,  just  in  the  rear  of  Salt  Lake  City,  we  find  near 
the  head,  all  the  older  rocks,  up  to  the  Jurassic  inclusive,  standing  nearly 
'  vertical,  or  inclining  at  a  high  angle,  with  the  conglomerates  of  the 
Wahsatch  group,  jutting  against  the  Jurassic  beds,  also  inclining  at  a 
moderate  angle.  I  have  never  yet  observed  any  rocks  on  the  west  side 
of  the  Wahsatch  Eange  filling  up  the  interval  between  the  Jurassic 
limestone  and  the  Wahsatch  conglomerates.  We  know,  however,  that 
sooth  of  Utah  Lake,  the  interval  is  filled  up  more  or  less  by  the  coal- 
group,  which  seems  to  be,  from  the  evidence  of  the  fossils,  the  same  as 
that  so  well  shown  at  Coalville  on  the  east  side  of  the  W^ahsatch.  We 
see  by  this  fact  that  the  conglomerates,  although  not  conspicuous  at 
the  present  time,  on  the  east  i^ide  of  the  valley,  did,  however,  extend  over 
the  range  into  the  valley,  and  may,  for  aught  we  know  at  the  i)resent 
time,  extend  far  across  the  valley,  for  they  are  ghown  with  a  great  thick- 
ness on  the  west  side  from  City  Creek  Caiion  for  several  miles  to  the 
northward. 

From  among  the  Tertiary  clays  and  conglomerates  north-  of  the  city 
near  the  Hot  Springs  and  above,  the  dark  steel-gray  limestones  of  the 
Carboniferous  period  crop  out  in  numerous  places.  About  ten  miles 
north  of  Salt  Lake  City  all  this  immense  mass  of  sedimentary  beds,  at 
least  10,000  feet  in  thickness,  has  been  swept  away,  leaving  the  gneissic 
nucleus  bare  with  the  modem  drift  which  underlies  the  terraee  jutting 
a^iust  the  sides.  From  Farmington  to  Weber  Caiion,  a  distance  of 
about  twenty -five  mile-s,  the  beds  of  the  little  streams  which  flow  in 
great  numbers  and  carve  out  deep  ganons  in  the  sides  of  the  mountains, 
furnish  no  trace  of  any  unchanged  rocks. 

Standing  upon  some  high  point  and  casting  the  eye  northward  along 
the  range,  the  very  granitoid  nucleus  would  appear  to  have  been  worn 
away,  and  the  east  side  of  the  anticlinal  to  appear  with  the  upturned 
edges  of  the  strata  cropping  out  toward  the  valley  near  Ogden.  This 
monoclinal  condition  of  the  range  continues  northward  beyond  Corinne, 
and  in  the  intervals  are  some  very  fine  exhibitions  of  the  Wata.  Here 
and  there  the  granitic  rocks  appear  from  beneath  the  quartzites,  but  not 
cooUnaoosIy.    If' we  take  the  position  that  this  wonderfully  i>icturesque 

2gs 
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range  of  moantaihS)  which  we  call  the  Wahsatch  Range,  was  origins 
a  complete  auticliual  fold,  then  it  forms  a  fine  illustration  of  the  eros 
effect*  of  water  in  comparatively  modern  geological  times,  which  I'or 
great  a  distance  ha*  swept  away  the  entire  half  of  the  range.  W^e  m 
also  suppose  that  beneath  the  great  thickness  of  superficial  deposits  wh 
compose  the  terraces,  the  edges  of  the  strata  which  form  the  west  side 
the  fold  now  exist,  dipping  beneath  the  valley,  but  rising  again  on  the  si 
of  someother  fold  in  the  basin  as  Antelope  Island,  &c.  If  our  suppositic 
are  true,  the  next  question  that  at  once  arises  in  the  mind  would  be  as 
the  cause  of  this  tremendous  erosion.  We  have  neither  space  nor  tin 
even  if  we  had  all  the  facts,  to  discuss  this  most  interesting  problem 
the  present  report,  but  we  promise  our  readers  to  recur  to  it  again 
some  future  time.  We  may,  however,  suppose  that  the  Wahsatch  Ran 
formed  the  eastern  shore  of  the  great  inland  sea  which,  at  a  compa: 
tively  modern  geolojiical  period,  covered  the  entire  basin.  How  great 
depth  it  ever  attained  it  is  difficult  now  to  determine,  but  at  some  i>eri 
its  waters  must  have  reached  high  upon  the  sides  of  the  loftiest  rang< 
so  that  they  appeared  scattered  here  and  there  as  islands  projectii 
above  the  surrounding  waters.  It  is  probable  that  during  the  gradi] 
decrease  of  the  waters  of  this  lake  the  greater  portion  of  the  erosion 
the  caiions  was  performed.  Up  the  valleys  of  all  the  little  streams  th 
lead  into  Salt  Lake  are  the  terraces  and  peculiar  lake-deposits,  showii 
that  the  lake-waters  extended  far  up  beyond  the  wall-like  shores.  It 
altogether  probable,  from  the  proofs  which  are  found  everywhere 
these  valleys,  that  there  were  continued  oscillations  in  the  depth  of  tl 
lake-waters,  a  rise  and  fall,  and  long  periods  when  the  waters  wou 
remain  at  a  fixed  level.  If  we  take  the  position  that  the  present  resul 
of  erosion  have  all  been  brought  about  by  the  slow  destruction  of  tl 
rock-materials  by  water,  and  that  this  force  is  produced  by  the  agit 
tion  of  the  waters  beating  upon  the  shores,  then  we  ma^^  suppose  ihj 
the  winds  from  the  west  and  southwest  prevailed  and  gave  to  the  wate 
the  force  that  slowly  produced  the  erosive  results  that  we  now  see  c 
the  east  and  northeast  sides  of  the  valley.  Other  causes  may  hai 
united  in  producing  these  results,  which  we  hope  to  present  at  son 
other  time.  ' 

From  Salt  Lake  Yalley  the  Snake  River  division  of  the  survey  pn 
ceeded  northward,  by  way  of  the  parallel  valley,  to  the  valley  of  Snah 
River  near  Fort  Hall.  In  my  report  for  1871,  I  recorded  most  of  ot 
observations  on  this  route,  and  now  refer  the  reader  to  the  more  con 
plete  account  of  Professor  Bradley  in  this  report. 

As  we  proceed  northward  toward  the  divide  between  the  waters  ( 
the  basin'and  Snake  River,  the  quartzites  seem  to  diminish  and  the  ca 
careous  beds  to  increase,  and  the  conditions  seem  to  have  been  mor 
favorable  for  the  preservation  of  organic  remains.  The  Carboniferou 
limestones  seem  to  be  well  developed,  and  charged  in  some  places  witi 
characteristic  fossils.  On  the  divide  between  Ross  Fork  and  Lincoli 
Valley,  near  Fort  Hall,  Professor  I^dley  obtained  a  stray  mass  o 
limestone,  in  which  was  crowded  together  a  mass  of  minute  fossils,  nearl; 
forty  species,  many  of  them  identical  with  species  found  at  Spergen  Hili 
Indiana.  (See  Catalogue  of  Fossils,  by  Mr.  Meek.)  This  is  certainly  j 
most  important  discovery,  extending  the  existence  of  this  formatioi 
very  much  farther  west  than  it  had  ever  been  known  before.  Previoui 
to  this  time  not  a  single  species  of  this  group  had  been  found  west  o 
Iowa  or  Missouri.  It  indicates  that  quite  probably,  if  the  great  mass  o 
Paleozoic  rooks  of  the  West  could  be  examined  in  detail,  they  might  hi 
separated  into  numerous  subdivisions,  as  we  find  them  where  tbcy  have 
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been  studied  so  minutely  east  of  the  Mississippi.  The  evidence,  how- 
ever, 80  far  as  I  have  been  able  to  procure  it  as  yet,  is  against  any  weH- 
defined  lines  of  demarkation ;  that  the  fossils  which  have  been  employed 
by  paleontologists  at  the  East  to  characterize  certain  beds  pass  from 
one  to  the  other  in  these  western  groups,  so  that  no  well-defined  line 
can  be  drawn  in  most  cases. 

As  far  back  as  1857,  while  the  writer  was  connected  with  the  explor- 
ing expedition  of  Lieutenant  Warren,  United  States  Topographical 
EDgioeers,  he  obtained,  from  a  series  of  reddish  calcareous  sandstones,  a 
group  of  fossils,  which  Mr.  Meek  at  once  identified  as  belonging  to  the 
borizon  of  the  Potsdam  sandstone  of  New  York.  The  key  having  been 
OQce secured  to  the  age,  it  was  not  difficult  to  extend  the  area  of  this-group 
&rther  west  and  north  and  south  on  a  geological  map,  and  one  was  pre- 
pared by  me  and  published  in  connection  with  my  report  for  1869,  whifch 
ifidicated  the  existence  of  this  divisiou  all  along  the  margins  of  the  east- 
ern Rocky  Mountain  ranges.  But  it  was  not  known  until  the  present 
Beason  that  still  higher  members  of  this  group  existed  in  the  far  West. 
While  the  Snake  Eiver  division  was  passing  up  the  Malade  Valley, 
Professor  Bradley  discovered  masses  of  limestone  filled  with  fragments 
of  trilobites  that  indicated  the  existence  of  the  Quebec  group.  The 
proof  once  made  known  from  some  favored  locality,  it  was  not  difficult  to 
extend  the  geographical  area  over  the  greater  part,  or  perhaps  all  the 
area,  of  the  Northwest.  At  any  rate,  the  party  under  my  direction  found 
this  group  well  developed  over  the  greater  portion  of  Montana.  Along 
the  Gallatin  Biver,  near  the  Three  Porks,  and  below,  the  Silurian  beds 
reach  an  aggregate  thickness  of  1,600  to  2,000  feet,  and  most  probabl}' 
inelade  the  entire  Potsdam  group.  Future  explorations  in  localities 
irhere  the  conditions  are  favorable,  may  reveal  the  existence  of  other 
sabdi\i$iotts  of  the  Silurian,  Devonian,  or  Carboniferous.  The  discovery 
of  the  well-known  Silurian  coral,  Halyntes  catenvpora^  in  the  summer  of 
lOT,  near  the  sources  of  Ogden  Creek,  points  to  the  existence  of  the 
Niagara  group. 

Id  the  spring  of  1859,  a  large  exi)edition  was  organized  under  the 
War  Department  for  the  jiurpose  of  exploring  the  sources  of  the  Mis- 
souii  and  Yellowstone  Bivers,  and  placed  under  the  direction  of  Captain 
William  P.  Baynolds,  Topographical  Engineers.  To  this  expedition 
the  writer  was  attached  as  geologist.  The  party  started  across  the 
country  from  Poft  Pierre,  on  the  Missouri  River,  in  the  spring  of  1859, 
passed  along  the  north  side  of  the  Black  nills  to  the  valley  of  the  Yel- 
b»8tone,  and  then  up  that  valley  to  the  month  of  the  Big  Horn  River, 
and  then  up  the  valley  of  the  Big  Horn  to  the  Big  Horn  Mountains 
8oatbward  to  Deer  Creek,  a  tributary  of  the  North  Platte  about  one 
hundred  miles  above  Fort  Laramie,  where  they  spent  the  winter.  In 
the  spring,  the  party  passed  up  the  North  Platte,  by  way  of  the  Red 
Buttes,  to  the  valley  of  Wind  River,  ascended  that  stream  to  its  source, 
»d  crossed  the  Wind  River  Mountains  over  Union  Pass  into  the  valley 
of  Snake  Biver,  crossed  that  stream  near  Jackson's  Hole,  passed  up  the 
valley  northward  across  the  sources  of  the  little  streams  running  into 
Heury's  Fork  on  the  east  side,  and  entered  the  valley  of  the  M^ison 
tbrough  Low  or  Raynolds's  Pass.  Captain  Raynolds's  report,  accompa- 
nied by  an  excellent  map,  was  published  by  Congress  in  1868,  and  the 
icport  of  the  geologist,  accompanied  by  a  geological  map  in  colors,  was 
Published  in  1869.  As  these  reports  are  now  out  of  print,  I  take  the 
Hj^rty  of  making  such  extracts  as  will  be  of  interest  in  this  connection. 
The  portion  recording  my  observations  of  the  geology  about  the  Wind 
Bivet  Mountains,  Snake  River  Valley,  T6tons,  &c.,  is  comprised  in  the 
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following  extracts  from  Chapter  X,  commencing  at  the  bottom  of  pj 
85.  I  have  quoted  the  chapter  without  corrections,  that  it  may  be  cc 
pared  with  the  more  careful  observations  which  were  made  by  the  pa 
the  past  season.  Only  one  prominent  error  occurs,  and  that  is  the  sts 
ment  that  the  central  portion  of  the  T^ton  Eange  is  composed  of  erupi 
rocks,  whereas  Professor  Bradley  has  shown  that  they  are  formed  mos 
of  gneissic  strata,  penetrated  here  and  there  by  dikes. 

^^June  l.-^On  the  west  slope  of  the  Wind  River  Mountains  we  met  w 
a  thick  deposit  of  drift  material,  which,  as  we  descended  to  Gros  Vent 
Fork,  soon  expanded  into  a  great  thickness  of  recent  strata,  eviden 
quite  recent  Tertiary.  The  banks  of  the  Gros  Ventres  Fork  present  hi 
bluffs,  3ome  300  to  600  feet  high,  but  I  should  think  that  this  formati 
had  been  deposited  after  the  surface  of  the  country  had  attained,  for  1 
most  part,  its  present  conflguratibn.  The  strata  consist  of  loose  £ 
arenaceous  clays,  the  layers  containiug  more  or  less  arenaceous  matt 
which  does  not  effervesce,  -and  layers  of  harder  rock,  a  fine-grained  a 
coarse  sandstone,  and  sometimes  an  aggregation  of  grains  of  qua 
with  ferruginous  matter  and  particles  of  mica.  The  materials  are 
evidently  derived  from  the  vicinity.  Some  of  the  masses  of  rock  pres< 
a  compact  fine  siliceous  structure  and  effervesce  feebly. 

^^June  4. — ^To-day  the  Tertiary  strata  begin  to  assume  a  good  deal 
importance.  We  have  the  brick-like  materials  which  result  from  t 
buruiug  out  of  the  lignite  beds.  There  were  also  masses  of  indurat 
clay,  covered  with  vegetable  remains  and  impure  lignite  beds ;  inde< 
all  the  indications  which  the  lignite  Tertiary  beds  present  on  the  es 
side  of  the  mountains.  The  beds  are  also  much  disturbed,  inclining 
various  angles.  The  following  section  of  the  lignite  beds  was  tak 
here,  which  will  serve  to  show  their  resemblance  to  those  on  the  easte 
side  of  the  mountains  : 

9.  A  yellow  fine-grained  sandstone  and  a  dark  gray  limestone,  witl 
parting  of  clay.  The  limestone  is  quite  brittle,  breaking  in 
thin  laminae,  and  contains  impressions  of  dicotyledonous  leaves  aj 
a  distinct  species  of  Unio.    15  feet }  inclination,  28^. 

8.  Light  yellow  sandy  marl.    15  feet. 

7.  Impure  lignite.    4  feet. 

6.  A  series  of  marly  clays  which,  when  saturated  with  water,  forms 
thick  paste,  variegated  in  color.  Near  the  summit,  just  below  t 
lignite,  is  a  thin  seam,  four  to  six  inches^  of  hard-shell  limestoi 
with  the  shells  in  the  most  comminuted  condition.  1  recogniz 
Unios,  Viviparas,  &c.,  sufficient  to  show  that  the  deposit  is  fre 
water.    150  feet. 

5.  Alternate  dark  gray  and  brown-yellow  gray,  fine  sandy  and  cli 
layers,  with  some  calcareous  matter  and  a  lew  seams  of  inoohere 
sandstone,  sometimes  assuming  a  concretionary  character.  2< 
feet. 

4.  Impure  lignite  and  clay.    8  inches. 

3,  Yellowish-gray  clay.    4  feet. 

2.  Impure  lignite.    6  inches. 

1.  Yellowish  clay,  with  some  calcareous  matter. 

The  general  inclination  of  all  these  beds  was  about  20*^. 

June  5. — ^We  ascended  a  high  ridge,  from  which  we  could  see  to 
great  distance.  Looking  to  the  dividing  crest  of  Wind  River  Mountain 
we  find  the  exposed  belt  of  granite  to  be  not  more  than  four  or  five  mil 
in  width,  and  gradually  lost  in  the  basaltic  or  eruptive  range,  whi< 
also  renders  itself  conspicuous.    The  Tertiary  beds  seem  to  reach  fal 
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np  to  the  crest  on  the  west  side,  and  often  passing  what  appears  to  be 
the  juDctioa  of  the  Big  Horn  Eange,  even  to  the  entire  divide  of  the 
mountains.  We  also  see,  high  np  on  the  flanks  of  the  mountains,  a  fall 
series  of  the  more  recent  Tertiary  beds,  with  pinkish  bands,  precisely 
similar  to  those  in  the  Wind  Biver  Valley.  These  pass  up  into  yellow 
saody  marls  and  sandstones.  I  have  estimated  the  entire  thickness  of 
the  Tertiary  beds  on  the  west  side  of  the  mountains  at  1,200  to  1,500 
feet.  In  the  lignite  beds  and  vicinity  are  great  quantities  pf  selenite 
and  silicified  wood.  All  over  the  highest  hills  near  the  crest  of  the 
moontainSy  10,000  feet  above  the  sea,  are  the  recent  Tertiary  beds.  A 
large  portion  of  the  superficial  Tertiary  strata  incline  from  Wahsatch 
and  Green  Kiver  Mountains,  showing  that  these  deposits  were  probably 
distarbed  at  the  same  time  by  the  uplift  of  these  ranges.  In  the  dis- 
tance are  the  Three  T6tons,  rugged  peaks  of  erupted  rocks,  towering 
bigh  above  the  rest.  These  peaks  are  sharply  pointed,  piercing  the 
cloads  like  needles,  and  it  is  said  that  the  trappers  have  never  been  able 
to  get  near  them.  So  far  as  we  have  yet  seen^  at  least  fifty  miles  of  the 
dividing  crest  of  the  mountains  are  covered  with  Tertiary  rocks. 

^*  June  7. — We  passed  up  a  ravine  to-day,  which  runs  north  and  south, 
and  is  close  to  the  divide  which  overlooks  Snake  Biver.  The  lignite 
strata  incline  nearly  northeast  at  an  angle  of  40^,  and  as  we  ascend, 
many  of  the  lower  members  of  the  lignite  strata  are  exposed.  We  also 
666  quite  large  areas  covered  with  eruptive  rocks,  and  also  a  sort  of 
basaltic  conglomerate  composed  of  large  angular  masses  of  rock  cemented 
^th  the  melted  material.  Mr.  Bridger  informed  me  that  these  same 
formations  continue  all  along  the  Wahsatch  Mountains  to  Bear  Spring 
and  Henry's  Fork,  and  down  Snake  Biver  nearly  to  Blackfoot  Creek.  It 
also  covers  the  valley  of  the  Yellowstone  to  points  below  the  lake. 
There  is  simply  a  band  of  granite  along  the  divide  in  the  form  of  a 
nakTow  beltk 

"  Descending  the  Gros  Ventres  to  its  junction  with  the  Snake  Biver,  we 
find  the  same  Tertiary  beds  prevailing  to  a  great  extent,  and  sometimes 
assuming  a  variety  of  lithological  characters,  at  one  locality  a  thickness 
of  200  feet  of  worn  pebbles  and  sand,  the  whole  inclining  from  20^  to 
350  Gradually  the  Cretaceous  rocks  appear  along  the  valley  of  the 
stream.    A  section  of  these  rocks  would  be  as  follows : 

3.  A  series  of  sandstone,  arenaceous  limestone,  and  laminated  marls. 
150  feet ;  inclination,  20°. 

2.  A  series  of  thin  indurated  beds  of  clay,  sandy  marl,  limestone  and 
sandstone,  with  six  or  eight  seams  of  impure  lignite,  which  has 
ignited  in  several  places,  giving  to  the  earth  in  contact  a  brick-red 
color.    80  feet. 

1.  Gray  ash-colored  sandy  laminated  marls,  with  layers  of  fine  sand- 
stone*   Sandy  matter  predominates.    100  feet 

"In  the  upper  beds  were  quite  abundant  fossils,  consisting  of  a  huge 
InoceramttSj  two  species  of  Ostreay  a  large  Pinna  four  inches  long,  a 
Cardinw,  and  many  small  shells.  The  whole  deposit  indicates  shoal 
^ater  in  a  shore-deposit,  and  there  are  also  fragments  of  wood.  As  we 
descend,  the  Jurassic  is  exposed  with  Ostrea  and  Belemnites  densus^  and 
tbere  is  an  enormous  development  of  the  red  arenaceous  beds,  making  a 
thickness  of  1,000  to  1,200  feet  or  more.  Near  the  middle  of  the  red  bed 
i*  a  layer  of  gypsum  4  feet  in  thickness.  There  are  other  seams  or 
^yers  of  gypsum,  each  with  partings  of  the  red  marl.  The  dip  is  quite 
variable,  at  one  place  20^,  at  another  15o,  and  again  7°. 

"  The  Cretaceous  beds  differ  from  those  on  the  east  side  of  the  Wind 
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Biver  Moantains,  both  litbologically   and  paleontologically,  bat  . 
Jurassic  and  red  deposits  are,  so  tar  as  could  be  observed,  precis 
alike  in  their  character  and  contents.     1  believe,  however,  that 
these  formations  at  one  time  extended  continuously  over  the  eat 
divide  of  the  Rocky  Mountains. 

"As  we  descend  into  Jackson's  Hole,  we  find  the  Carboniferous  lii 
stones  with  their  usual  lithological  characters,  a  very  hard  brittle  yell 
rock,  with  much  cherty  material,  inclining  12^  to  15o.  There  is  < 
thick  cherty  layer,  15  feet  thick,  dark  bluish  color,  inclining  12o.  ^ 
find  these  limestones  along  the  mountains  on  both  sides  of  Jackso 
Hole,  but  the  central  portions  of  the  mountain-ridges  are  composed 
eruptive  rock. 

"  Near  Snake  River,  on  the  right  bank,  is  a  rather  low  range  of  hi 
which  presented  the  appearance'  at  a  distance  of  being  composed 
stratified  rocks.  On  examination  the  rocks  appear  to  be  a  bluish,  v< 
hard  cherty  limestone,  apparently  Carboniferous,  160  to  200  feet  thi< 
passing  up  into  a  compact  siliceous  gray  rock  with  a  reddish  tinge.  In  t 
limestone  are  numerous  fossils,  mollusca,  and  corals,  but  too  much  brok 
and  obscure  to  determine.  On  the  left  side  of  Snake  River  I  saw  lin 
stones  charged  with  fossils,  especially  corals.  These  limestones  £ 
scattered  promiscuously  along  the  flanks  of  the  lower  hills  and  ridg* 
and  while  in  many  places  they  are  in  part  or  entirely  removed  by  t 
erosive  action  of  water,  the  evidence  is  clear  that  they  were  deposit 
here  with  a  thickness  fully  equal,  and  were  possessed  of  a  similar  chs 
act^r,  to  those  on  the  eastern  slope  of  the  mountains.  The  valley 
Snake  River  is  broad,  fertile,  and  beautiful,  and  very  few  traces  of  t 
Tertiary  beds  are  seen,  and  1  am  now  inclined  to  think  th'aX  we  can  s( 
to  a  very  great  extent,  the  configuration  of  the  main  portion  of  ti 
Snake  River  Basin  as  it  was  prior  to  the  Tertiary  period ;  for  the  Tertia 
beds,  being  of  a  loose  friable  material,  were  easily  eroded  away,  leavij 
along  the  banks  lar^e  areas  covered  with  it. 

f*  June  18. — Crossing  over  Snake  River,  we  ascend  the  pass  1,900  fe 
above  the  bed  of  Snake  Fork.  The  mountain-ridge  over  which  \ 
passed  could  not  be  less  than  1,000  or  1,100  feet  higher,  so  that  the 
mountains  are  between  9,000  and  10,000  feet  above  the  sea.  The  hig 
est  T6ton,  was  measured  with  the  sextant  and  made  to  be  about  10,^ 
feet.  All  along  the  margins  of  the  ridges  we  see  a  plenty  of  the  blu 
cherty  Carboniferous  limestone ;  also,  the  siliceous  rocks  which  1 
above,  and  a  great  many  granitic  masses,  and  also  gray  micaceoi 
slates.  We  have  seen  much  of  the  Carboniferous  rock  along  our  roa 
to-day ;  also  red  arenaceous  beds,  with  now  and  then  an  erupted  ridg 
The  central  portions  of  the  mountains  are  composed  entirely  of  tl 
eruptive  material. 

^^June  19. — We  traveled  nearly  due  north  twenty  miles,  down  Pierre 
fork  into  Pierre's  Hole,  a  beautiful  valley,  surrounded  by  moantaim 
about  fifteen  miles  wide  and  thirty  long.  On  our  right  is  the  T6to 
Range,  composed  entirely  of  eruptive  rocks,  with  a  general  inclinatio 
west  or  a  little  north  of  west.  It  would  seem  as  though  this  whole  va 
ley  had  been  formed  by  the  drainage  accumulating  in  a  fissure  of  th 
upheaval,  for  the  mountains  all  seem  to  incline  in  the  same  directioi 
The  hills  are  composed  in  part  of  a  sort  of  vesicular  trachyte,  exceet 
i.Qgly  porous,  some  of  the  cavities  being  an  inch  in.  diameter.  Th 
broad,  level  prairie  is  composed,  to  a  large  extent,  of  well-worn  rocks 
basalts,  obsidians,  granites,  &c. 

"  June  20. — We  continued  our  course  directly  north,  and  soon  began  t 
ascend  low  ridges,  breaking  the  level  of  the  prairie.  These  ridges  exteQ< 
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down  from  the  moan  tains  on  each  side,  and  seem  to  give  shape  to  the 
valleys  of  the  multitude  of  little  streams.  We  have  here  and  there  an 
exposure  of  the  rocks,  which  are  undoubtedly  eruptive,  and  x>resent  the 
appearance  of  stratified  deposits.  They  are  arranged  in  more  or  less  thin 
layers,  some  of  which  sound  under  the  hammer  like  clink-stone,  and  arc 
quite  compact  Sometimes  the  breakage-joints,  or  cleavage,  are  vertical 
in  a  single  layer,  but  from  their  external  appearance  I  would  suppose 
the  blnffii  of  vertical  rocks  were  a  dark-gray  marly  limestone,  charged 
Ti-itb  fossils.  There  is  also  a  good  deal  of  uniformity  in  its  composition, 
the  only  difference  being  that  some  of  it  is  more  compact  than  others. 
The  eruptive  material  in  this  valley  assumes  a  variety  of  form ;  some  of 
it  has  a  black,  opaque  crystalline  appearance,  like  obsidian ;  then  a  sort 
of  sandstone,  easily  decomposing,  or,. as  it  were,  exfoliating;  then  a  sort 
of  lava,  or  slag;  then  a  vesicular  trachyte.  There  are  also  veins  of 
quartz,  sometimes  ribbon-like,  one- fourth  of  an  inch  wide.  The  greater  part 
of  these  rocks,  however,  would  seem  to  have  been  melted  or  heated  under 
comparatively  little  pressure.  These  rocks  predominate,  and,  indeed, 
comprise  almost  the  only  rocks  on  the  western  slope,  and  therefore  it 
may  be  called  a  basalt  country.  Many  of  these  rocks  seem  to  yield  very 
readily  to  the  decomposing  agencies  of  the  atmosphere,  and  furnish  en- 
tirely the  soil  of  the  valley,  which  is  quite  black  and  fertile,  sustaining 
a  luxuriant  growth  of  vegetation.  The  streams  that  issue  from  the 
mountains  are  very  numerous,  the  water  pure  as  crystal,  and  the  vaU 
leys  clothed  with  rank  herbage;  but  the  timber,  which  fringes  the  little 
streams  here  and  there,  is  very  scarce.  There  are  also  many  beautiful 
springs  and  lakes. 

"  Ji«n€  20. — We  passed  up  the  valley  of  the  Lake  Fork  and  crossed  the 
dividing  crest  of  the  mountains  to  the  Madison  Fork  of  the  Missouri. 
High  hills  of  eruptive  rock  surround  us  on  every  side,  with  now  and  then 
flniall  patches  of  limestone  along  their  sides,  inclining  at  various  angles. 
There  are,  also,  mica  schists,  talcose  slates,  and  quartzose  limestones  often 
underlying  the  layeTS  of  eruptive  material,  and  conforming  to  them  in 
inclination,  which  is  from  30^  to  6(P.  Many  of  the  ridges  are  2,000  feet 
or  more  above  us,  and  are  covered  with  snow.  The  £ow  or  Eaynold's 
Pass  is  like  a  lawn — smooth  and  covered  with  grass,  with  a  large  super- 
ficial deposit  composed  of  the  rocks  in  the  vicinity.  It  is  plain  that  the 
eroding  agency  of  wat-er  has  had  its  effect  in  smoothing  this  pass,  though 
it  has  iiot  formed  it.  It  is  undoubtedly  due,  to  a  great  extent,  to  a  break 
in  the  continuity  of  the  elevatory  force.  The  mountains  here  do  not 
seem  to  follow  any  fixed  lines  of  fracture,  or  in  fixed  directions,  but  to  be 
a  series  of  protrusions,  forming,  in  many  instances,  a  continuous  line 
lor  a  great  distance ;  but  the  irregularity  of  the  outline  of  the  crest  is 
due,  to  a  great  extent,  to  the  irregularity  of  the  force  along  the  line  of 
continnity,  though  a  small  portion  may  be  due  to  atmospheric  agencies. 
The  facts  above  stated  are  true  from  the  fact  that  the  different  strata  of 
sedimentary  rocks,  which  must,  prior  to  the  upheaval  of  these  ridges, 
have  covered  the  surface,  lie  in'regular  order  of  sequence  outward  from 
the  ridges.  We  have  every  variety  of  volcanic  rocks  and  metamorphic 
conditions.  Washed  out  of  the  Madison  caiion  and  scattered  over  the 
terraces  along  that  stream  are  every  variety  of  granitoid  rocks,  mica 
slates,  hornblende,  &c.  There  is  every  variety  of  these  rocks,  depending 
ppon  the  greater  or  less  predominance  of  some  constituent,  and  dissem- 
inated through  the  rock  are  seams  of  white  quartz.  None  of  the  red 
feldspathic  rocks  which  so  prevail  in  the  Black  Hills  are  seen  in  this 
region.  Along  the  rivers  is  a  series  of  terraces  which  are  covered  with 
bowlders,  slightly  worn,  exhibiting  the  rock-character  of  the  mountains 
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from  which  these  streams  take  their  rise.  As  we  descend  the  Madison 
we  find  that  the  valley  seems  to  pass  along  a  sort  of  anticlinal  axis,  and 
on  each  side  lofty,  nearly  vertical  walls  of  trachyte,  arranged  in  thick 
layers.  The  lower  portion  ai)pears  to  yield  quite  readily  to  atmospheric 
agencies,  owing  to  tlte  ferruginous  matter  contained,  which  renders  it  a 
loosely  aggregated  mass  of  crystals  of  feldspar.  As  we  ascend  upward 
the  rocks  become  more  compact,  and  the  upper  layers  are  a  cellular  tra- 
chyte. In  some  places  the  upper  compact  beds  assume  a  columnar 
structure,  breaking  into  the  form  of  vertical  columns;  these  break  in 
pieces  and  cover  the  sides  of  the  hills  with  masses  of  rock.  Lower 
down  on  the  Madison  we  find  layers  of  the  red  feldspar,  which  present 
the  appearance  of  stratified  beds  like  the  Azoic  rocks,  with  an  inclina- 
tion in  the  same  direction  with  the  overlying  basaltic  rocks.  There  are 
numerous  seams  of  white  quartz,  also  trap,  running  across  the  country 
in  every  direction,  many  of  which  indicate  the  presence  of  gold-bearing 
rock.  The  summits,  or  crests,  of  the  high  mountains  are  ragged,  not 
from  erosions  since  upheaval,  but  owing  to  the  manner  of  the  upheaval. 
Each  peak  assumes,  to  a  certain  extent,  the  form  of  an  independent  uplift, 
with  layers  of  rock  inclining  around  from  every  side;  and  yet  it  is  by  a 
series  of  these  peaks  connected  together,  more  or  less,  that  a  mountain 
range  is  formed.  Wherever  these  peaks  or  groups  of  peaks  are  separated 
a  short  distance,  a  low  point  is  made  in  the  range,  which  gives  passage  to 
streams.  Very  many  of  these  low  passes  haveno  streams  issuingfrom  them 
at  this  time.  The  Madison  forms  a  canon  by  cutting  through  one  of  these 
lofty  ridge^s  at  the  upper  portion  of  the  Burnt  Hole,  and  a  second  one  at 
the  lower  end  of  the  same  valley.  Still  below  the  feldspar  beds  and 
near  the  junction  of  the  Three  Forks  of  the  Missouri  we  have  beds  of 
exceedingly  slaty  character,  inclining  at  angles  of  310and  passing  down 
into  the  granitoid  rocks  below. 

'^  In  the  valleys  of  these  streams  is  a  series  of  marls  and  marly  sands 
and  conglomerates,  i)recisely  like  the  upper  beds  of  the  White  River 
Tertiary.  These  marls  are  mostly  of  a  flesh-color,  sometimes  assuming 
the  texture  of  a  quartzose  sandstone.  Its  greatest  thickness  in  this 
region  is  about  200  feet,  and  not  conforming  to  the  Carboniferous  rocks 
beneath,  but  inclining  in  the  same  direction  about  8°. 

"  The  Carboniferous  rocks  are  largely  developed  in  this  region,  and 
incline  at  very  large  angles  from  the  mountains.  The  lower  part  of 
these  limestones  have  been  so  affected  by  heat  that  the  stratification  has 
been  very  nearly  obliterated,  and  presents  a  very  rough  appearance. 
Above  this  is  a  bed  which  is  undoubtedly  Carboniferous  limestone 
changed,  but  which  now  very  much  resembles  basalt,  but  contains  more 
arenaceous  mn  tter,  and  appears  to  have  had  the  stratification  but  partially 
changed.  From  the  Three  Forks  these  limestones  extend  westward  or 
southwestward  about  twenty  to  twenty-five  miles,  and  then  continued 
northward  toward  the  gate  of  the  mountains  along  the  Missouri.  They 
also  extend  to  the  northwest  to  a  range  of  mountains,  in  which  is  the 
Blackfoot  Pass  of  Lewis  and  Clarke. 

^^  July  3. — Visited  the  plateau,  mentioned  by  Lewis  and  Clarke,  be- 
tween the  mouths  of  the  Gallatin  and  Madison.  It  is  a  long  fiat  ridge 
of  limestone,  representing  the  portion  of  the  inclined  rocks  which  form 
the  left  side  of  the  canon  below. 

**  The  rocks  on  that  side  incline  24^,  continuing  far  on  the  distant  hills. 
The  base  of  this  small  ridge  is  a  bluish  cherty  limestone,  sometimes  yel- 
lowish, very  compact  or  hard,  breaking  into  fragment^  juafc  like  the 
Carboniferous  limestones  before  seen.  Dip,  33o.  This  bed  corresponds 
with  a  portion  of  the  right  side  of  the  caiion  next  to  the  water.  There  arc 
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traoes  of  abandant  fossils,  as  broken  crinoidal  remains  and  other  moUns- 
OL  It  weathem  so  as  to  expose  upon  its  sides  small  flinty  masses  of  chert. 
This  bed  passes  up  into  a  light-gray  limestone  with  drusy  cavities,  and 
breakiiig  into  irregular  fragments  in  the  direction  of  stratification,  a 
form  of  fracture  common  to  the  Carboniferous  rocks.  The  dip  of  this 
bed  is  31^.  Obaoure  traces  of  fossils  are  seen.  These  layers  continue 
en  op,  divided  by  thin  partings ;  others  are  solid,  from  6  to  20  feet  in 
thickness.  Then  comes  a  bed  without  distinct  lines  of  stratification, 
ixften  assaming  the  form  of  a  sort  of  conglomerate,  with  masses  of  lime- 
stone  on  all  sides,  cemented  together  with  sulphate  of  lime :  dip,  2(P. 
There  is  then  a  return  to  the  former  condition  of  a  yellow  limestone. 
It  is  full  of  dog-tooth  spar  and  seams  of  crystalline  matter.  I  should 
estimate  the  limestone  to  be  about  500  feet  in  thickness. 

^'On  the  right  side  of  the  Gallatin,  and  dipping  eastward  from  the 
eanen  at  an  angle  of  8^,  is  a  bed  of  yellow-gray  sandstone  and  marl. 
It  does  notqaite  conform  to  the  Carboniferous  limestone,  though  dipping 
in  the  same  direction.  The  Gallatin  Fork,  from  its  mouth  to  the  point 
where  it  issues  from  the  mountains,  is  about  fifty  miles,  flowing  through 
a  beautiful  vaUey  wdl  fringed  with  cotton  wood  trees,  mostly  bitter  cot- 
tODwood.  The  upper  portion  of  this  valley  has  been  most  beautifully 
smoothed  by  tbe  erosive  action  of  water,  leaving  a  space  between  the 
base  of  the  moantain-ridges  and  the  upturned  edges  of  the  sedimentary 
reeks  of  twenty  or  thirty  miles  which  is  smooth  like  a  lawn.  The  Car- 
boniferous rocks  present  a  series  of  monoclinals  of  the  most  interest- 
ing character.  Underneath  them  is  a  series  of  rocks,  which  seem  to 
represent  the  Potsdam  sandstone.  It  is  the  most  variable  series  which 
I  have  yet  seen.  In  order  of  descent  we  have  a  reddish,  rust-colored 
roek,  mostly  fine  grained,  compact,  quartzose,  siliceous,  almost  the 
ap|)€araiice  of  a  metamorphic  rock.  It  is  sometimes  made  up  of  an 
aggregation  of  grains  of  quartz.  Beneath  is  a  series  of  thin  strata  of 
dark  steel-gray  micaceous  sandstone,  sometimes  becoming  a  fine  aggre- 
gatioD  of  water-worn  pebbles  and  dark-brown  clay-slate,  gradually 
passing  down  into  what  appears  to  be  a  true  eruptive  rock,,  with  verti- 
cal seams  of  white  quartz  running  through  it.  I  am  inclined  to  think 
that  the  eruptive  rocks  have  been  thrust  in  between  the  partings  of 
rock,  BO  that  we  have  a  bed  of  eruptive  rock,  and  then  a  layer  of  the 
sandstone^  and  so  on  alternating. 

**FrDm  the  Gallatin  we  passed  up  one  of  the  little  forks  emptying 
into  that  river,  over  Carboniferous  rocks,  on  to  the  source  of  Smith's  or 
Kamei's  River,  which  empties  into  the  Missouri  below  the  gate  of  the 
mountains.  Beaching  the  vicinity  of  the  mountains,  we  find  that  the 
basaltic  or  eruptive  rocks  prevail  to  a  very  large  extent  over  all  others. 
On  a  little  branch  flowing  into  Smith's  Biver  near  its  source,  we  find  a 
dark  steel-brown  bed,  50  feet  in  thickness,  a  fine  conglomerate  at  base, 
bat  gradually  growing  coarse  until  toward  the  summit  it  is  composed  of 
large  angular  blocks  of  mixed  gray  basalt,  aggregated  with  a  reddish 
material.  The  beds  dip  northeast  45<=^.  The  imbedded  masses  are  more 
or  less  water- worn.  This  bed  seems  to  continue  a  long  distance,  and  is 
sometimes  vertical ;  sometimes  the  pebbles  are  as  much  worn  as  those  of 
the  little  streams ;  and  it  seems  to  me  that  they  have  been  changed  since 
deposition,'  for  they  now  partake  much  of  the  color  and  character  of  the 
laatrix,  except  that  they  are  much  harder.  The  basaltic  rocks  along 
oor  route  are  developed  to  an  enormous  extent,  and  present  every  variety 
«<  texture,  that  which  yields  readily  to  atmospheric  agencies  predom- 
inating. 

**  JtUjf  G.«-Pa8sing  along  the  Smith's  Biver,  I  saw  this  series  of  curious, 
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somber,  apparently  banaltic  rocks,  which,  except  for  their  stmcture  and 
color,  I  would  regard  as  Cretaceous  or  Tertiary,  The  whole  series  is 
arranged  in  beds  of  uiarl,  with  more  or  less  compact  layers  of  harder  rock, 
which  project  out  the  same  as  in  those  formations.  In  these  upper  l>ed8 
I  found  fragments  of  wood,  and  in  the  uppermost  beds  were  fragments  of 
leaves,  which  I  cannot  but  regard  as  of  Tertiary  age,  and  that  the  whole 
series  of  beds  have  been  greatly  affected  by  heat  so  thiit  the  lowest  be«ls 
have  been  entirely  changed.  Passing  up  the  mountain  we  found  our- 
selves in  a  syn(*.linal  basin,  with  the  strata  dipping  at  a  low  angle,  those 
at  the  southeast  at  an  angle  varying  from  30^  to  60o,  apparently  com- 
prising the  dififerent  formations  from  Tertiary  to  Carboniferous.  The 
rocks  do  not  show  so  many  signs  of  heat  as  heretofore.  Our  course  has 
been  directly  north,  and  mostly  through  Carboniferous  rocks,  dipping 
about  southeast  at  an  angle  of  20<^.  There  are,  in  the  caOon  that  we  passed 
through,  at  least  1,000  feet  of  limestone  exposed,  and  as  we  leave  the 
canon  northward  we  find  200  to  300  feet  of  red  marly  limestones,  much 
like  the  red  deposits  we  have  before  met  with,  only  harder.  These  rocks 
are  peculiar,  differing  from  any  before  seen.  They  pass  from  a  red  loose 
slate  down  into  a  compact  clay-slate,  gradually  varying  from  a  deep  red 
to  black  thin  slates,  becoming  more  and  more  compact  as  we  descend, 
until  they  appear  to  be  a  melted  rock,  and  the  joints  are  so  close  that 
they  separate  the  whole  mass  into  small  fragments.  The  rock  does  not 
eti'ervesce  at  all  with  sulphuric  acid,  but  is  of  a  very  compact  texture. 
In  regard  to  the  age  of  these  beds  I  can  form  no  exact  idea,  no  fossils 
having  been  detected,  though  frequent  sun-ci-acks  are  seen  upon  the 
surface  of  the  slates.'' 

The  following  paragraph,  describing  one  of  the  four  passes  near 
Henry's  Lake,  is  taken  from  the  report  of  Colonel  W.  F.  Baynolds  of 
his  explorations  in  1860,  page  98 : 

^'  The  pass  is  only  four  miles  from,  and  200  feet  above,  the  lake,  and 
so  level  that  it  is  difficult  to  locate  the  exact  point  at  which  the  waters 
divide.  It  is  about  a  mile  in  width,  with  the  sides  sloping  gently  to  the 
center.  The  barometer  stood  at  23.G5  inches,  indicating  a  height  of 
6,350  feet  above  the  sealevel,  or  1,500  feet  lower  than  the  summit  of  the 
South  Pass.  The  approaches  upon  either  side  are  remarkable,  being  of 
about  a  uniform  ascefit  of  50  feet  to  the  mile,  and  thus  affording  un- 
equaled  facilities  for  either  wagon-road  or  railroad  purposes.  1  named 
it  Low  Pass,  and  deem  it  to  be  one  of  the  most  remarkable  and 
important  features  of  the  topography  of  the  liocky  Mountains." 

This  beautiful  pass  has  been  so  carefully  described  by  Colonel  Rey- 
nolds that  I  gladly  record  its  name  on  an  official  map  asEeynolds's  Pass; 
the  name  Low  Pass,  given  it  by  Colonel  Reynolds,  not  being  sufficiently 
distinctive  for  a  geographical  name. 


CHAPTER  II. 
GALLATIN  VALLEY— YELLOWSTONE  VALLEY. 

In  my  annual  report  for  1871  I  gave  a  brief  description  of  the  Gallatin 
Valley ;  but  inasmuch  as  one  division  of  the  survey  took  Fort  Ellis  as 
its  initial  point  again  in  1872,  I  shall  render  the  present  account  more 
clear  by  presenting  a  r^umi  of  the  geology  of  the  valley. 

In  beauty  and  fertility  the  valley  of  the  Gallatin  surpasses  all  others 
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ID  Montana  which  have  come  within  the  limit  of  our  explorations.    The 
town  of  Bozemao  is  located  near  the  upper  or  south  end,  and  Fort  Ellis 
fies  about  three  miles  to  the  southeast,  under  the  shadow  of  the  mount- 
aiorauges   that  form   the  water-shed  between  the  Missouri  and  the 
Yellowstone.    On  the  east  side  of  the  valley  is  the  Gallatin  Bange  of 
monutains,  which  gives  origin  tx>  numerous  branches  of  the  Gallatin 
Eiver  on  the  west  side,  and  many  branches  of  Shield's  Eiver  on  the  east 
side.    On  the  north  side  of  the  valley  is  a  series  of  broken  ranges,  which 
give  origin  to  numbers  of  branches  of  the  East  and  West  Gallatin  Hi  vers. 
A  ridge  or  low  divide  extends  down  between  the  Gallatin  and  Madison 
YaDeys,  and  entirely  disappears  before  reaching  the  junction  of  the 
Three  Forks.    This  valley  is  about  forty  miles  in  length  from  north  to 
south,  and  five  to  fifteen  miles  in  width.    This  valley  may  be  regarded 
i»  typical  of  the  general  character  of  the  surface  of  Montana,  as  well  as 
parts  of  the  adjacent  Territory  which  were  examined  by  the  survey.    Two 
general  divisions  might  be  made  of  the  entire  surface,  mountain  and  val- 
%.    The  vaUeys  and  the  portions  which  are  open  to  settlement  are,  at 
the  present  time,  occupied  to  a  greater  or  less  extent  by  thriving  farmers, 
with  here  and  there  prosperous  villages.    They  are  for  the  most  part  old 
lake-basins,  geologically  of  comparatively  modern  date.    Along  nearly 
aU  the  more  important  rivers,  from  their  sources  to  their  entrance  upon 
tbe  plains,  there  is  a  chain  of  these  valleys,  varying  in  length  from  a  mile 
to  fifty  or  sixty  miles,  and  connected  by  a  cleft-  or  gorge  jn  the  mountains, 
throogh  which  the  river  has  worn  its  way.    In  all  these  valleys  there  is 
a  greater  or  less  thickness  of  deposits,  ver^^  similar  in  character,  of  a 
light-gray  or  cream  color,  and  composed  mostly  of  clay,  lime,  and  silica 
in  Tanons  proportions.    Very  few  fossils  have  been  found  in  these  de- 
ports about  tbe  sources  of  the  great  rivers,  but  it  is  most  probable  that 
the  deposits  are  of  the  same  age  in  Western  Idaho,  Oregon,  and  Califor- 
nia which  have  yielded  large  quantities  of  vertebrate  remains.    In  the 
sammer  of  1871 1  discovered  in  these  lake  beds  species  of  Aiwhiiherium 
in  the  head  of  the  Jefferson  Fork,  and  with  it  were  associated  fresh-water 
and  land  sheUs.    But  these  beds  yield  the  most  beautiful  forms  of  silici- 
fied  wood  that  are  found  in  any  part  of  the  continent.    It  is  sometimes 
called  opaUzed  wood,  and  it  was  doubtless  tbrmed  in  connection  with  hot 
springs.    It  is  most  probable  that  during  the  Pliocene  period  hot  springs 
prevailed  to  a  greater  or  less  extent  all  over  the  western  portion  of  our 
continent,  and  their  action  may  serve  to  account  for  many  problems 
which  now  seem  obscure.    This  deposit  varies  from  a  few  feet  in  thick- 
ness to  1,000  or  1,500  feet,  and  is  usually  nearly  horizontal,  resting 
nnoonformably  upon  the  older  rocks.    Kot  infrequently  these  beds  incline 
5^,  indicating  slight  changes  in  the  general  level  of  the  sur£Eice  since 
their  deposition. 

Then  we  have  a  vast  thickness  of  what  may  be  called  coal-strata  in 
ti&e\Yest,  the  Ajge  of  which  seems  obscure.  They  contain  the  great  and 
Taloable  deposits  of  coal  in  the  West,  and  are  thus  of  the  utmost  im- 
portance in  an  economical  point  of  view.  This  group  varies  in  thickness 
from  1,000  to  5,000  feet,  and  in  some  parts  of  the  country  may  reach  the 
thickness  of  10,000  feet.  The  evidence  at  the  present  time  points  to  the 
conelu^oD  that  the  lower  portions  of  this  group  are  Cretaceous,  passing 
up  by  gradual  transition  into  the  Tertiary,  and  that  the  greater  portion 
^y  be  regarded  as  of  the  age  of  the  later  period.  Then  follow  in  de- 
scending order  the  Cretaceous,  Jurassic,  Carboniferous,  and  a  vast  thick- 
ness of  Sabcarbouiferous  strata,  most  probably  of  Silurian  age.  The 
Silnrian  beds  usually  repose  unconformably  on  metamorphic  strata,  com- 
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posed  of  gneissic  or  granitoid  rocks  of  every  possible  texture.     Tl 
constitate  the  nacleas  of  nearly  all  the  principal  mountain-ranges. 

From  the  above  brief  outline  it  will  be  seen  that  two  divisions  of 
geological  scale,  Triassic  and  Devonian,  are  not  represented  in  Monti 
so  far  as  we  have  the  evidence  up  to  the  present  time.  We  may  st 
however,  in  this  connection,  that  we  do  not  deny  the  existeoce  of  tl 
formations  in  this  portion  of  the  West,  only  that  the  rocks  have  yiel 
us  no  such  information  as  yet.  When  we  reflect  that,  in  countries  wt 
the  geological  formations  have  been  studied  for  nearly  a  century  by 
ablest  minds  under  the  most  favorable  circumstances,  they  are  yield 
up  new  and  startling  facts  every  year,  we  cannot  hope  in  a  preliniin 
survey  of  so  vast  an  area  to  exhaust  the  discoveries. 

In  the  great  area  which  comprises  what  we  term  the  Rocky  Mount 
region,  the  groups  of  strata  mentioned  above  appear  and  disapp 
in  a  strange  manner  at  times,  thus  rendering  their  study  more  diffic 
and  laborious  than  one  might  suppose  at  ilrst  sight. 

Sometimes  the  Carboniferous  limestones,  with  their  characterit 
fossils,  appear  to  rest  on  the  gneissic  beds  below ;  then  again  thei'e  i 
be  1,500  to  2,000  feet  of  Silurian  strata  intervening.  At  one  localit 
certain  grouj)  of  metamorphic  beds  will  occur,  and  at  another,  a  sei 
quite  distinct  in  texture.  In  one  locality  the  red  beds  will  be  well 
veloped,  reminding  one  of  the  possible  existence  of  the  Triassic  j 
anotl^er  locality,-  not  far  distant,  no  trace  of  these  can  be  found.  1 
same  may  be  said  of  all  the  groups  of  strata.  One  peculiarity  of  t 
coal-strata  consists  in  their  dark  somber  color,  which  I  have  obserT 
nowhere  else  except  in  this  region. 

In  order  that  all  the  details  of  the  local  geology  may  be  more  clea 
set. forth,  I  have  continued  the  same  plan  in  this  report  which  \i 
adopted  in  the  previous  ones,  of  describing  the  geological  features 
the  country  as  observed  along  the  routes  traveled. 

The  party  under  my  direction  left  Fort  Ellis  for  the  Yellowsto 
Valley  July  20.  Much  scientific  work  had  been  done  previous  to  that  tin 
but  during  the  present  season  the  deep  snows  on  the  mountain-rang 
would  have  prevented  successful  exploration  in  Montana  before  the  10 
of  July.  The  previous  winter  had  been  one  of  the  severest  ever  kno\ 
in  the  Territory,  and*  the  snow  remained  until  late  in  the  summer.  Di 
ing  the  melting  of  these  winter-snows  the  streams  are  so  high  th 
traveling  becomes  very  difficult.  The  season  of  exploration  is  compai 
tively  short 

Our  entire  outfit  having  been  completed  at  Bozeman  and  Fort  EUi 
we  passed  up  the  grassy  valley  of  Spring  Greek,  by  way  of  Bozemi 
Pass,  to  the  summit  of  the  divide.  Just  opposite  Fort  Ellis,  on  tbe  ea 
side  of  the  creek,  is  a  ridge  of  gray  and  grayish-white  marly  sands  ar 
sandstones,  with  nearly  horizontal  strata  jutting  up  against  the  oldi 
rocks.  This  ridge  presents  a  fine  example  of  the  lake-deposits  whic 
are  so  common  in  the  valleys  all  over  the  West.  It  has  evidently  e 
caped  the  erosion  which  has  swept  away  the  greater  portion  of  thet 
deposits,  and  this  ridge  may  now  be  regarded  as  a  remnants— a  mom 
ment  left  to  indicate  the  approximate  thickness  of  the  original  bed 
The  greatest  thickness  of  these  beds  in  this  valley  was  probably  aboo 
1,500  feet.  The  summit  of  this  ridge  is  800  feet  above  the  valley,  an 
its  greatest  thickness  could  not  have  been  less  than  1,000  feet.  Th 
evidence  is  clear  that  all  these  valleys  were  once  filled  with  water,  s 
that  only  the  summits  of  the  loftier  portions  were  exposed:  tbatprot 
ably,  during  what  geologists  term  the  Quarternary  period,  tnese  water 
gradually  subsided,  sweeping  downward,  to  the  lowlands  near  tbe  mail 
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MiaaiHiri  and  the  Mississippi,  the  greater  poHion  of  these  deposits  to 
fonn  the  erent  Yellow  Marl  or  Loe»s  gronp.  That  the  origiu  of  these 
deposits  <^tes  back  to  the  Pliocene  period  at  least,  we  believe  from  the 
evidence  given  by  the  orgaiiic  remains;  and  there  is  other  evidence  that 
points  to  the  cooclasion  that  these  lakes  continued  up  nearly  or  qu.te 
to  our  present  period.  The  surfHce  is  usually  covered  to  a  greater  or 
less  extent  with  the  usual  drift  deposit  of  the  country,  and  not  unfre- 
qoently  the  gronps  of  rounded  bowlders  are  so  arranged  as  to  indicate 
liiat  DO  important  changes  have  taken  place  since  the  waters  subsided. 
lu  the  Yellowstone  Valley,  about  two  miles  above  Boteler's  ranch,  the 
liver  has  exposed  a  sectioQ  of  the  Pliocene  beds,  (Fig.  1,)  which  reveals 

PiB-   I. 


aboDt  200  feet  of  light-gray  marly  sands  and  sandstone,  passing  up  into 
about  100  feet  of  pebbly  drift,  tbe  whole  capped  with  a  bed  of  basalt 
tbu  must  have  overflowed  since  tbe  lakes  existed  in  full  force.  A 
little  distance  back  ot  tbe  river,  extending  to  the  base  of  the  mountains, 
there  is  evidence  in  the  superficial  deposits  that  this  lake  continued  a 
long  titoe  after  tbe  overflow  of  the  igneous  matter. 

1  shall  pass  rapidly  over  the  geology  of  tbe  region  about  the  source  of 
tba  Gallatin,  referring  the  reader  to  the  excellent  report  of  Dr.  I'eale, 
■ho  made  a  minute  examination  of  ISpring  Cauon,  Mystic  Lake,  and  the 
district  about  Mount  Blackmore. 

la  general  terms,  the  Gallatin  Range  is  composed  of  gueissic  and  qunrtz- 
itie  beds  as  a  base,  with  a  great  thickness,  1,700  to  1.800  feet,  of  Lower 
&lnrian  strata  resting  uuconformably  upon  tbem.  Above  these,  and 
apparently  conforming,  is  a  thickness  of  1,000  to  2,000  feet  of  well- 
Burked Carboniferous  rocks,  mostly  limestones,  more  or  less  pure; 
tbeo  rnoning  eastward  from  the  Gallatin  Valley  and  inclining  nt  various 
ngleainthe  same  general  direction  are  the  Jurassic,  Cretaceous  and 
Coal  groups,  with  anaggregate  tbickuess  of  10,000  to  15,00U  feet.  This 
entile  group  of  strata,  which  compose  the  Gallatin  Kange  and  its  foot 
bUlB,  extends  nearly  to  Sbields's  Kiver,  a  distance  of  twenty  miles  iu  a 
■traight  line.  The  Carboniferous  limestones,  which  are  very  hard  and 
yietd  leas  readily  to  atmospheric  influences,  form,  with  their  upturned 
e4KeB,thevery  summit  of  tbe  Gallatin  Bange,  including  Bndger's  Peak, 
lj'oionPeak,&o,    On  the  vreatsideof  the  GallatiuBiuigethefoot-hillsare 
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very  abrupt,  rising  at  once  to  a  height  of  800  to  1,200  feet,  while  the 
peaks  and  the  sharp  ridges  are  2,000  to  2,500  feet  above  the  valley  below. 
On  the  east  side  the  hills,  composed  of  the  more  modem  groups,  descend 
gi-adually  to  the  immediate  valley  of  Shields's  River. 

We  thus  see  that  this  range  constitutes  the  east  portion  of  an  anti- 
clinal, and,  so  far  as  we  know,  a  huge  monoclinal.  We  may  hereafter 
discover  fragments  of  the  west  portion.  So  far  as  the  line  of  uplift  is 
concerned,  the  Gallatin  continued  southeastward,  crossing  the  Yellow- 
stone Biver,  forming  what  we  have  located  on  the  map  as  the  Lower 
Canon.  The  mountains  about  the  sources  of  the  branches  of  the  East 
Gallatin,  and  those  between  the  East  and  West  Gallatin  Rivers,  are 
largely  composed  of  the  limestones  thrown  up  in  great  confusion  appa- 
rently, but  really  all  having  an  inclination  in  the  same  general  direction. 

In  my  report  of  last  year,  I  stated  that  there  seemed  to  be  a  true  anti- 
clinal extending  over  to  the  Yellowstone,  and  that  Trail  Creek  might  flow 
in  the  valley  between  the  two  portions,  but  the  more  careful  explorations 
of  the  past  season  have  shown  that  all  the  uplifts  belong  to  one  side  of  the 
anticlinal,  however  chaotic  the  strata  may  appear.  This  great  monoclinal 
is  very  remarkable.  It  commences  down  below  the  Three  Forks,  with  a 
trend  east  by  south,  indicating  greater  irregularity  in  form.  Sometimes 
the  beds  are  inverted,  and  the  whole  series  exposed  down  to  the  granitic, 
then  again  all  are  conceailed  except  the  coal  strata.  From  Bridger  Canon 
to  Spring  Canon,  a  distance  of  four  miles,  there  is  a  complete  break  in  the 
range,  forming  several  passes,  which  are  easily  traversed  with  wagon- 
roads,  in  which  no  rocks  older  than  the  Coal  group  are  seen.  Then  in 
Spring  Canon  the  older  rocks  are  again  brought  to  the  surface  in  full 
force. 

The  investigations  of  the  present  season  have  shown  that  what  appeared 
to  be  fragments  of  the  western  portion  of  an  anticlinal  are  only  frag- 
ments of  the  one  great  mass  which  have  been  broken  off  in  the  uplift 
and  now  lie  scattered  around  in  the  valleys,  on  the  foothills  and  mount- 
ain sides,  in  apparent  confusion.  As  I  have  before  remarked,  the  main 
range  of  sedimentary  beds  continues  east  by  south,  forming  the  high 
divide  between  the  wateH  of  the  Gallatin  on  one  side  and  those  of 
Shields's  River  and  the  Yellowstone  on  the  other,  but  crosses  the  Yellow- 
stone, forming  the  Lower  Caiion,  and  inclining  from  the  east  side  of 
the  great  range  of  mountains  in  which  the  Bowlder,  Rosebud,  and 
Clark's  Fork,  with  their  numerous  branches,  take  their  rise.  In  the  in- 
termediate space,  sometimes  low  down  in  the  valley  of  Trail  Creek,  and 
sometimes  on  the  mountain-sides,  are  beds  of  coal,  the  strata  above  and 
below  being  vertical  or  horizontal,  as  the  case  may  be.  This  region  has 
been  very  carefully  prospected  for  coal.  The  artificial  excavations  that 
were  made  threw  great  light  on  the  position  of  those  fhigments,  which 
seem  to  have  been  broken  off  and  fallen  down  in  the  general  uplift.  At 
the  present  time  it  is  only  by  most  carefully  following  the  channels  of 
the  streams  as  they  cut  down  into  the  sides  of  the  mountains,  or  by 
studying  the  artificial  excavations,  that  we  can  gain  any  of  the  details 
of  structure.  With  the  exception  of  the  main  ridges  of  upheaval,  the 
strata  are  mostly  concealed  by  modern  superficial  deposits,  which  are 
covered  with  a  thick  growth  of  grass.  Occasionally,  also,  these  frag- 
ments crop  out  from  beneath  the  mountains  of  trachyte,  and  volcanic 
breccia,  which  are  so  remarkable  in  this  region.  As  previously  stated, 
the  limestone  seems  to  have  yielded  less  residily  to  atmospheric  agencies, 
and  consequently  projects  high  up  above  the  surrounding  hills,  and 
forms  the  leading  topographical  feature.  In  tracing  it  across  the  coun- 
try, we  may  call  it  a  limestone  ridge,  as  it  loses  the  name  of  Gallatin 
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Bange  east  of  tbe  source  of  the  Gallatin  Eiver,  although  the  ridge  con- 
tinoes  on  eastward,  or  soath  by  east,  to  an  auknown  distance. 

The  Carboniferoas  limestones  are  always  well  defined,  not  only  by 
tiieir  textare,  but  from  the  fact  that  they  always  contain  fossils  charac- 
teristic of  that  age  in  greater  or  less  quantities.  In  some  localities 
Gtxata  of  oonsiderable  thickness  are  made  up  of  an  aggregate  of  fossils 
in  a  tioe  state  of  preservation.  The  almost  universsd  distribution  of 
the«e  fossils  wonld  point  to  a  uniform  moderate  depth  for  the  waters  of 
the  Old  CarboDiferons  ocean. 

The  Lower  Caiion  is  about  three  miles  in  length,  and  the  Yellowstone 
has  cnt  its  way  through  the  ridge  at  right  angles,  so  that  as  complete  a 
seetioD  of  the  strata  is  shown  on  either  side  as  one  could  desire.    It  was 
this  limestone  ridge  that  checked  the  waters  above  which  formed  the 
lake-basin,  extending  from  the  Lower  Gafion  to  the  Second  Gafion, 
a  distance  of  about  thirty  miles,  and  it  was  undoubtedly  the  slow  wearing- 
oatof  the  channel  or  caiion  through  the  ridge  that  gradually  drained  the 
lake-basins  above.    After  leaving  the  Gallatin  Eange,  the  older  group  of 
beds,  which  we  have  called  Lower  Silurian,  ceases  to  be  as  conspicuous. 
The  limestones  of  this  group  have  a  much  older  look,  are  more  compact 
and  contain  a  greater  per  cent,  of  silica,  are  full  of  cavities  lined  with 
mstals  of  qoartz,  and  weather  into  much  more  rugged  forms.    The 
feirer  portions,  instead  of  being  composed  of  clays,  shales,  sandstone, 
&6.,  are  quartzites  or  quartzose  sandstones,  entirely  destitute  of  any 
traces  of  organic  forms.    They  seem  gradually  to  change  their  chara<;tor 
and  thin  out  very  much  in  their  eastern  extension,  so  that  not  more  than 
100  or  200  feet  in  thickness  rest  upon  the  gneissic  rocks  in  the  Yellow- 
stone Bange  east  of  the  Lower  Gaiion.    In  the  West  Gallatin  Gauon  the 
same  change  in  the  Silurian  group  is  observed. 

Above  the  canon  the  Yellowstone  Yalley  expands  out  to  an  average 
vidfli  of  ten  miles,  and  was  undoubtedly  one  of  the  old  lake-basins 
pecoliar  to  tbe  West  From  any  of  the  peaks  of  the  Yellowstone  Bange 
QB  the  east  side,  one  may  obtain  a  complete  view  of  the  eastern  valley, 
and  tbe  landscape  thus  presented  to  the  eye  is  one  of  great  beauty. 
The  sides  of  tbe  valley  slope  like  a  dish,  so  that  the  immediate  base 
may  be  800  to  1,200  feet  above  the  bed  of  the  river.  These  slopes  are 
gn^sed  over,  and  to  the  eye  at  a  distance  they  appear  as  smooth  as  a 
lawn,  gradually  descending  to  the  river-bottom.  They  are,  however, 
oftentimes  very  much  cut  up  by  the  little  mountain-streams  that  wear 
deep  channels  through  them.  These  channels  afford  excellent  sections 
of  these  modem  deposits. 

On  tbe  east  side  of  the  Yellowstone  Biver,  commencing  near  the  Lowec 
Canon,  is  one  of  the  most  symmetrical  ana  beautiful  ranges  of  mount- 
^B  in  Montana.  In  order  that  I  might  obtain  a  more  definite  kuowl* 
^ge  of  the  structure  of  this  range,  I  ascended  one  of  the  highest 
peaks  that  overlook  the  broad  plains  along  the  Yellowstone  to  the 
northeast.  Last  year  I  had  supposed,  from  an  examination  of  Emigrant 
Peak  and  its  vicinity,  that  these  mountains  were  mostly  of  igneous  ori- 
gin, bat  found,  on  a  more  careful  examination  of  the  northern  por- 
tion, that  the  rocks  are  principally  granitic  and  of  the  kind  characteristic 
of  the  mountain-ranges  generally.  Our  camp  was  located  on  the  river- 
bottom  about  three  miles  above  the  Lower  Canon,  and  the  peak  which 
▼e  ascended  is  situated  a  little  south  of  east  of  the  canon.  For  a  dis- 
tance of  four  miles  we  ascended  the  grassy  slope,  covered  here  and  there 
very  thickly  with  rounded  bowlders,  which  greatly  impeded  traveling 
scatterwl  here  and  there  are  isolated  hills  of  limestone,  remnants  left 
after  the  erosion  of  the  valley.    The  sides  of  these  mountains  are  every- 
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where  almost  vertical,  and  difficult  of  ascent,  so  that  we  were  obliged  to 
follow  up  the  rocky  bed  of  a  stream  tor  a  long  distance.  Hugh  masses  of 
gneissic  granite  blocked  our  way  at  every  step.  In  some  of  the  canons  a 
few  bowlders  of  igneous  origin  were  observed.  The  study  of  the  different 
kinds  of  rocks  along  ^^he  course  of  any  of  these  mountain-streams  usually 
gives  one  a  pretty  clear  idea  of  the  structureof  the  mountain  in  which  they 
have  their  origin.  The  first  ridge,  which  is  about  3,000  feet  above  the  riv- 
er bottom,  is  composed  mostly  of  the  metamorphic  quartzites.  The  second 
ridge,  which  is  about  500  feet  higher,  is  comi>08ed  largely  of  mica- 
schists  and  granitoid  gneiss.  The  limit  of  the  vegetHtion  is  about  0,000 
feet,  where  the  small  scraggy  spruces  lie  prostrate,  and  are  not  more  than 
four  feet  in  length.  Above  these  no  more  tree- vegetation  is  seen.  From 
the  summit  of  this  peak,  a  broad  area  is  compassed  in  the  field  of  vision. 
Far  east  and  southeast,  along  the  head-waters  of  the  Stillwater,  Big 
Rosebud,  and  Eock  Creek,  the  gneissic  rocks  extend,  with  their  sharp 
ridgelike  peaks  standing  up  like  pinnacles  among  the  perpetual  snows. 
For  fifty  miles  in  every  direction  there  is  a  chaos  of  mountain-peaks, 
varying  in  form  according  to  the  rock- materials  of  which  they  are  com- 
posed. For  grand  rugged  sceuery  I  know  of  no  portioa  of  the  West 
that  surpasses  this  range.  The  little  streams  have  cut  innumerable 
gorges  deep  down  through  the  very  heart  of  the  mountains,  2,500  to 
3,0(K)  feet  in  depth,  and  the  exceedingly  close  texture  of  the  granites 
apd  quartzites,  of  which  the  rocks  are  mostly  composed,  has  prevented 
the  atmospheric  forces  from  wearing  off  the  angularities,  so  that  they 
api>ear  as  sharp  and  angular  as  if  but  recently  brought  to  the  surface.  The 
examples  of  ribbed  or  banded  gneiss  are  quite  remarkable  for  their  i)ertec- 
tion  and  regularity.  The  junction  of  the  unchanged  beds  with  the 
metamorphic  is  remarkably  well  shown  in  the  gorges  on  the  north  side 
of  the  range.  The  general  inclination  of  the  limestone  is  about  30^  to 
50O  northwest.  From  this  high  point  the  ridge  of  limestone,  with  1,200 
to  1,500  feet  of  outcropping  strata,  may  be  most  clearly  seen  for  a  dis- 
tance of  twenty  or  thirty  miles  east  and  west,  forming  a  remarkable 
natural  section.  Extending  far  to  the  eastward  and  opening  out  into 
the  plains,  are  the  gradually  descending  ridges  of  the  Jurassic,  Creta- 
ceous, and  Tertiary  beds,  presenting  an  irregular  rugged  surface  depend- 
ing upon  the  nature  of  the  rock-materials  of  which  they  are  composed. 
The  Yellowstone  Kiver  really  emerges  into  the  plains  below  the  junction 
of  Shields's  River,  and  thence  to  the  junction  of  the  Yellowstone  with  the 
Missouri  the  Cretaceous  and  Tertiary  formations  prevail.  On  either  side 
of  the  Yellowstone,  at  a  distance,  may  be  seen  isolated  small  ranges  of 
mountains  until  we  pass  below  the  mouth  of  Tongue  River. 

It  is  most  interesting  as  well  as  instructive  to  explore  with  care 
among  the  deep  gorges  which  the  watery  agents  have  worn  down  through 
these  lofty  mountain-ranges.  The  amount  of  debris  or  broken  rocks 
which  one  encounters  excites  surprise.  Water  and  frost  are  ever  at 
work,  and  have  been  busy  for  ages  in  breaking  down  the  sides  of  the 
gorge  and  extending  it  farther  back  in  the  range.  We  discover  here  the 
sources  of  the  myriads  of  perpetual  streams,  which  we  fiad  in  the  low- 
lands, and  which  we  see  meandering  through  the  plains  like  the  veins  ia 
the  human  body.  Each  one  of  these  little  streams,  toward  its  source, 
branches  out  into  numbers  of  small  tributaries  like  the  capillary  vessels, 
and  each  one  of  these  little  capillary  streams  has  eaten  out  its  deep 
gorge  or  caiion,  which  adds  to  the  ruggedness  of  the  mountain-scenery. 
There  is  in  this  Yellowstone  Range  an  unlimited  field  for  the  artist ; 
photographic  views  of  the  most  startling  kind  could  be  obtained  with- 
out number.    I  am  convinced  that  this  range  of  mountains,  and  the 
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valley  at  its  base,  will  at  no  distant  period  be  visited  by  multitudes  of 
tovistB,  and  afford  many  a  subject  for  correspondence  for  the  secular 


Glancing  at  the  map,  it  will  be  seen  that  numerous  little  streams  flow 
down  firom  the  base  of  the  mountains  aud  empty  their  waters  into  the 
Yellowstone.  Each  one  of  these  streams  in  the  mountains  spreads  out 
into  a  great  number  of  branches  Ave  to  twenty  miles  in  length.  It  is 
to  these  little  streams  that  we  are  indebted  for  the  inner  history  of  these 
grand  monn tains.  We  may  say  in  general  terms  that  the  nucleus  of 
the  Yellowstone  Bange  is  composed  of  granitic  rocks,  and  that  the 
greater  portion  is  made  np  of  these,  while  far  to  the  south  and 
southeast  the  sammits  are  covered  to  a  greater  or  less  extent  with  vol- 
caoic  rocks.  The  greater  portion  of  Emigrant  Peak  is  made  up  of  vol- 
canic material.  There  is  no  doubt  that  at  some  prior  period  the  volcanic 
rocks  and  breccia  or  conglomerate  extended  over  a  much  larger  area 
and  with  a  greater  thickness  than  at  the  present  time.  Many  of  the 
high,  bald,  rounded  granite  mountains  bear  all  over  them  the  marks  of 
terrific  erosion. 

In  the  report  for  1871, 1  described  somewhat  briefly  the  interest- 
ing iake-basin  which  now  forms  the  valley  of  the  Yellowstone  be- 
tween the  First  and  Second  Canons.  At  the  risk  of  some  repeti- 
tion, I  may  be  permitted  to  take  this  as  the  type  of  these  lake-basins, 
and  describe  it  somewhat  in  detail,  although  each  one  has  some  features 
not  common  to  the  rest.  It  seems  to  me,  however,  that  tbey  must  all 
have  one  common  origin,  whatever  that  may  be.  Many  of  tbe  basins 
have  been  formed  by  erosion,  but  not  altogether  so.  Although  the  lake- 
hasin  which  we  are  now  dascribing  is  largely  due  to  the  action  of  the 
erosive  forces,  yet  I  am  of  the  opinion  that  its  outline  was  marked  out  in 
tbe  process  of  upheaval.  On  the  east  side  is  the  remarkable  range  of 
mountains  which  I  have  called  the  Yellowstone,  constituting  the  nucleus 
or  central  portion  of  a  distinct  anticlinal ;  while  on  the  opposite  or  west 
fade  there  is  a  chaotic  mass  of  volcanic  peaks  and  ridges,  which  have  no 
Deeessary  connection  with  the  Yellowstone  Bange.  At  tbe  lower  end 
of  the  valley,  however,  are  a  number  of  isolated  hills  of  limestone,  with 
strata  inclining  in  the  same  direction  with  tbe  main  ridge,  which  forms 
the  canon  below,  and  these  can  easily  be  traced  across  the  valley  as 
Tenmants  of  what  were  once  high  ridges  extending  directly  across. 
Other  remnants  may  be  observed  farther  up  tbe  valley,  which  seem  to 
cwivey  a  pretty  clear  conception  of  the  immensity  of  the  erosive  action 
in  the  past.  In  noticing  this  lake-basin  as  typical  of  a  series  or  system 
of  lakes  in  the  West,  I  do  not  refer  to  those  great  lake-basins  of  the 
earlier  Tertiary  period,  in  which  were  entombed  such  vast  numbers  of 
animal  remains  in  Wyoming,  Nebraska,  &c.  Those  which  I  am  now 
describing  belong  to  a  type  of  more  modern  date,  which  probably  com- 
menced  in  the  Pliocene  period,  and  extended  up  very  nearly  to  our  pres- 
ent era. 

We  shall  not  go  back  beyond  the  time  of  the  existence  of  this 
lake-basin  and  endeavor  to  indicate  the  condition  of  the  surface  or 
the  climate  at  that  time,  but  simply  remark  that  we  believe  that  all 
these  valleys  were  the  ceservoirs  for  the  accumulated  waters  from  the 
dminage  of  the  mountains  in  the  vicinity.  When  they  were  full,  so  as 
to  ove^ow  the  barriers  which  were  raised  in  the  uplifting  of  the  mount- 
ain-ranges, the  waters,  following  the  law  of  gravitation,  gradually  wore 
a  ehaonel  tbrongh  t^ese  barriers,  as,  for  example,  at  the  Lower  Canon, 
where  they  have  carved  out  a  channel  800  to  1,000  feet  deep,  directly 
through  the  massive  limestone,  at  right  angles  to  the  direction  of  uplift. 

3  o  s 
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The  process  of  wearing  oat  this  channel  for  three  miles  in  length 
through  Biich  a  thickness  of  hard  limestone  mast  have  reqnired  ages, 
sufficient  for  the  waters  of  the  lake  to  have  deposits  1,000  to  1,500  feet 
of  sediment,  and,  as  the  channel  was  cat  down  and  the  basin  drained, 
a  portion  of  the  sediment  woald  be  swept  down  the  river.  We  have 
now  the  evidence  that  the  waters  of  the  lake  must  have  reached  high 
up  on  the  sides  of  the  mountains,  entering  far  up  the  open  side-valleys, 
in  some  cases  nearly  up  to  the  divide  or  watershed.  Tiie  line  of  demar- 
cation between  the  modem  deposits  as  they  jut  up  against  the  mount- 
ainsid?s,  and  the  natural  dibris  of  the  mountains  themselves,  is  quite 
distinct,  and  is  even  shown  by  the  vegetation.  When  we  reflect  that 
the  productiveness,  as  well  as  the  possible  settlement  of  these  mountain- 
regions,  is  dtte  to  the  former  existence  of  these  lakes,  we  shall  at  once 
understand  their  importance,  and  their  history  will  become  invested 
with  a  greater  interest.  It  is  only  in  these  valleys  that  farming-lands 
can  be  found.  The  sediments  which  were  accumulated  in  the  bottoms 
of  the  lakes  were  derived  from  the  destruction  of  a  great  variety  of 
rocks,  so  that  the  mixture  is  most  remarkable  for  its  fertility.  The 
metamorphic  and  igneous  rocks,  and  the  limestones  of  the  Silurian  and 
Carboniferous  epochs  have  all  contributed  to  them.  As  the  lakes  were 
drained  slowly  away,  the  bottoms  were  worn  out  and  smoothed  as  we 
see  them  now.  Here  and  there  we  find  that  these  superficial  deposits 
have  been  stripped  ofltVso  as  to  expose  remnants-  of  the  old  formations 
which  constituted  the  original  skeleton.  Patches  of  limestone  are 
observed  here  and  there,  enough  to  indicate  something  in  regard  to  the 
former  history  of  this  surface,  or  skeleton,  as  it  might  be  called. 

Although  this  valley  wsis  originally  largely  due  to  erosion  no  doubt, 
yet  it  was  not  altogether  so.  It  was  not  a  chasm  or  a  fissure  in  which 
the  waters  gained  a  foothold  for  their  operations,  as  was  the  case  with 
many  of  the  valleys.  The  main  feature  of  the  mountain-range,  as  we 
see  it  now  on  the  east  side  of  the  Yellowstone  River,  never  crossed  to 
the  west  side,  but  formed  the  east  shore  of  the  lake.  That  the  valley 
was  greatly  enlarged  by  the  wearing  away  of  the  sides  of  the  mount- 
ains by  the  waters  of  the  lake,  there  is  little  room  to  doubt.  On  the 
west  side  of  the  valley  the  mountains  rise  up  9,000  and  10,000  feet  above 
the  sea-level,  but  are  mostly  volcanic  and  most  probably  conceal  a  vast 
thickness  of  sedimentary  beds.  The  igneous  rocks  seem  to  have  issued 
from  numerous  fissures,  and  to  have  spread  over  the  surface  to  an  enor- 
mous thickness.  But  the  rocks  which  prevail  over  all  the  rest  are  those 
which  have  been  formed  out  of  fragments,  dust,  ashes,  &c.,  which  must 
have  been  thrown  out  of  the  numberless  volcanic  craters  into  the  sur- 
rounding waters,  and  been  afterward  deposited  as  sedimentary  ^beds. 
The  massive  basalts  or  trachytes  may  be  considered  the  exception, 
while  we  find  2,000  to  4,000  feet  in  thickness,  of  volcanic  breccia  or 
conglomerate,  reaching  to  the  very  summits  of  the  highest  mountains, 
and  presenting  a  well-marked  horizontal  stratification.  Materials  of 
almost  every  variety  of  color,  with  a  peculiar  somber  hue,  are  found. 
Immense  masses  have  fallen  down  into  the  valley  from  the  mountain- 
sides, composed  of  fragments  of  trachyte  of  every  possible  texture  and 
color.  Sometimes  these  fragments  are  very  coarse,  several  feet  in  diam- 
eter, and  again  they  are  small,  like  pudding-stones.  Sometimes  they 
ai'e  angular  as  if  they  had  not  been  subject  to  erosion  in  water,  and 
again  they  are  much  rounded.  The  cement  is  also  more  or  less  tine 
volcanic  material,  partly,  perhaps,  the  dust  and  ashes  thrown  out  of  the 
volcanic  fissures,  and  partly  the  eroded  materials  from  the  rounded 
fragments.    In  the  stratified  beds  there  is  also  a  great  variety  of  mate- 
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rials.  The  oonglomerates  prevail,  but  there  will  be  found  interstratiiied 
seams  or  local  beds  of  several  feet  in  thickuess,  of  a  fine  white-yellow 
or  brick-red  volcanic  dust  and  ashes,  so  that  when  these  beds  are  , 
eroded  the  Burface  around  presents  the  appearance  of  the  ground 
about  an  old  furnace.  I  know  of  no  district  where  there  is  a  better 
opportunity  to  study  the  great  varieties  of  volcanic  action  in  past 
geological  times  than  in  the  range  of  mountains  which  separates  the 
Gallatin  Valley  from  the  Yellowstone.  On  the  west  fiide  of  the  valley, 
from  the  Lower  Canon  to  the  Second  Canon,  a  distance  of  at  least  thirty 
miles,  the  indications  of  ancient  volcanic  action  are  most  remarkable 
and  varied  in  their  character.  The  erosive  forces  have  cut  deep  canons 
into  the  sides  of  these  mountains,  2,500  to  3,000  feet  through  the  con- 
gloinerates,*and  have  worn  the  portions  remaining  into  the  most  won- 
derful architectural  forms.  Domes,  pyramids,  pinnacles,  palaces, 
indeed  almost  any  form  which  one  could  conceive,  can  be  seen  here. 
One  gorge  was  called  the  Palace  Canon  on  account  of  the  symmetrical 
palaoe-like  forms  which  could  be  seen  everywhere.  The  sides  of  these 
gorges  are  vertical  walls,  inaccessible,  ^except  in  a  few  localities,  to  man 
or  ^ast.  One  can  stand  in  the  bed  of  a  little  stream  and  look  up  the 
vertical  walls  on  either  side  2,500  or  3,000  feet.  Such  gorges  as  these, 
extending  from  five  to  twenty  miles  oftentimes,  are  very  numerous. 
Literally  hundreds  of  them  may  be  found  in  these  ranges  extending  up 
to  the  very  creet  or  water-divide,  carved  out  of  the  solid  mass  of  con- 
glomerate or  trachyte.  There  is  certainly  no  limit  to  the  remarkable 
scenery  which  the  artist  could  select  in  this  prolific  field. 

Cropping  out  here  and  there  in  the  bottom  of  these  deep  gorges  may  be 
seen  the  older  sedimentary  strata,  as  the  Carboniferous  limestones,  and 
even  those  of  later  date,  as  the  Jurassic,  Cretaceous,  or  Tertiary.  The 
general  dip  of  the  unchanged  strata  is  about  northeast,  and  in  the  valley 
of  Trail  Creek  the  sandstones  and  clays  of  the  Brown-Coal  period  may 
be  seen  passing  beneath  the  huge  mountains  of  volcanic  conglomerate. 
Farther  south  and  west  the  limestones  appear,  and  the  metamorphic 
rocks  are  not  seen  to  any  extent  until  we  enter  the  West  Gallatin 
Canon.  We  are  thus  enabled  to  gain  a  pretty  clear  idea  of  the  original 
^ape  of  this  valley,  that  it  was  really  marked  out  in  the  process  of 
upheaval.  I  will  remark  here  that  I  shall  attempt  to  show  hereafter 
that  the  streams,  in  coming  out  of  their  channels,  did  not  follow  any 
preformed  chasms  or  fissures,  but  quite  the  reverse.  Most  of  the  canons 
were  formed  by  the  streams  cutting  their  way  directly  through  the 
ridges,  at  right  angles  to  the  axis  of  upheaval. 

As  I  have  previously  remarked,  the  granitic  rocks  are  mostly  confined 
to  the  main  ridge  of  mountains  on  the  east  side  of  the  valley,  but  in  the 
valleys  of  the  smaller  streams  that  flow  into  the  Yellowstone  from  the 
v«Bt  side  just  below  the  Second  Canon,  as  Kock  Creek  and  Canon  Creek, 
the  metamorphic  rocks  are  largely  exposed.  The  Second  Canon  is  com- 
posed of  metamorphic  rocks  entirely.  Scattered  over  the  surface  of  the 
^s^ley  below  are  many  huge  bowlders  of  granite,  which  could  not  have 
been  transported  to  their  present  position  by  any  forces  now  in  operation. 
It  is  quite  evident  that  all  the  forces,  whatever  they  may  have  been, 
operated  from  above  down  the  valley.  Upon  the  foot-hills,  and  in  one 
instance  on  the  top  of  the  basaltic  floor,  several  hundred  feet  above  the 
present  bed  of  the  river,  are  huge  rounded  bowlders,  25  to  50  feet  in 
diameter,  which  must  have  been  transported  either  from  the  canons  of 
thoae  little  streams  above  mentioned  or  from  the  Second  Canon,  a  dis- 
toce  of  ten  to  fifteeu  miles.  1  know  of  no  power  except  the  combined 
iccionof  water  and  ice  that  could  have  brought  about  these  results.    A 
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very  large  portion  of  the  foot-bills  and  terraces,  as  well  as  the  immediate 
bottom  of  the  river,  is  literally  paved  with  rounded  bowlders,  so  much 
so  as  to  render  almost  worthless,  except  for  grazing,  mueh  land  which 
would  otherwise  be  excellent  for  farming.  Along  the  bottoms  also  are 
old  river-beds  50  to  100  feet  above  the  present  bed.  These  old  channels 
are  covered  thickly  with  the  rounded  bowlders,  and  walls  of  them  are 
piled  up  on  either  side.  These  are  results  of  very  modern  date.  They 
must  represent  the  latest  period  of  the  draining  of  the  lake-basins.  We 
believe  that  the  temperature  was  much  lower  than  at  present ;  that  the 
surrounding  mountains  that  form  the  drainage  into  these  lakes  were 
covered  with  vast  masses  of  snow  and  ice  which,  at  certain  seasons  of 
the  year,  became  detached  and  floated  down  in  the  form  of  huge  icebergs. 
All  these  forces  may  have  been  in  action  from  the  sources  of  the  Yellow- 
stone and  Missouri  down  to  the  plains  below,  and  thus  the  huge  icebergs, 
loaded  with  immense  quantities  of  bowlders,  floated  over  the  valleys, 
dropping  their  contents  here  and  there,  as  we  find  them  at  the  present 
time.  Most  of  the  bowlders  in  this  valley  could  have  been  moved  along 
by  the  action  of  swift  torrents  of  water  ahine,  but  not  even  the  strongest 
mountain-torrent  of  which  we  have  any  knowledge  now  could  have 
moved  great  numbers  of  the  huge  granitic  rocks  which  we  find  high  up 
on  the  foot-hills  or  terraces,  at  least  ten  or  fifteen  miles  from  their  original 
position.  No  forces  now  in  operation,  even  if  we  were  to  suppose  that  the 
meltiug  of  the  spring-snows  would  raise  the  river  so  as  to  overflow  all 
the  lowlands,  could  have  transported  these  bowlders.  As  it  is,  they 
cover  an  area  several  miles  in  width,  quite  above  the  reach  of  the  river- 
waters  at  their  highest  stage. 

Another  point  I  may  allude  to  here  again  in  this  connection,  and  that 
is  the  more  modern  outflow  of  basalt  which  is  seen  in  several  localities 
in  the  valley.  It  is  probable  that  the  basalt  spread  all  over  the  valley 
at  one  time  in  the  form  of  a  cap,  and  that  it  has  been  swept  away  in  the 
process  of  erosion.  On  the  west  side,  about  two  miles  below  Boteler's 
ranch,  there  is  an  extensive  remnant  of  this  basalt  cap,  which  has  been 
so  smoothed  by  the  passage  of  ice  over  it  that  the  surface  is  glazed. 
There  are  also  numerous  small  grooves  or  scratches.  The  surlace  is 
covered  thickly  with  rounded  granite  bowlders,  but  one  of  them  was 
worthy  of  special  note  from  its  size,  which  measured  12  feet  in  height 
and  20  feet  in  diameter.  It  is  perlectly  massive,  composed  of  a  coarse 
aggregate  of  quartz,  feldspar,  with  small  bits  of  mica.  The  basalt  has 
a  tendency  to  break  into  imperfect  pentagonal  columns.  Underneath 
it  are  100  to  200  feet  of  what  I  have  called  Pliocene  deposits,  but 
they  are  composed  very  largely  of  rounded  pebbles  and  bowlders,  with 
light-gray  marly  clay.  On  the  east  side  of  the  Yellowstone,  about  two 
miles  above  the  ranch,  the  river  has  cut  a  vertical  section  through  the 
marly  clays  and  sandstones  100  feet  or  more,  with  60  to  80  feet  of  loose 
drift  bowlders  and  pebbles,  the  whole  capped  with  20  to  30  feet  of  basalt. 
This  outflow  of  igneous  matter  was  among  the  latest  events.  Nearly  all 
the  lake-basins  have  this  basaltic  cap  to  a  greater  or  less  extent,  and  the 
evidence  indicates  that  th^  outflow  was  synchronous.  In  the  Snake 
liiver  Basin  this  cap  covers  an  area  of  fifty  to  eighty  miles  in  width  and 
several  hundred  miles  in  length,  and  quite  large  streams  sink  beneath 
it  and  flow  into  Snake  lliver.  The  geological  relations  of  this  cap  or  bed 
of  basalt  are  about  the  same  wherever  it  occurs,  pointing  to  a  common 
cause  as  well  as  time. 

I  believe  that  it  occurred  before  the  waters  subsided,  so  that  we  may 
trace  a  portion  of  its  history  at  least.  The  lake  deposits  are  certainly  of 
very  moderate  date,  at  least  as  late,  and  perhaps  later,  than  Pliocene. 
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Upon  this  rests  a  biige  bed  of  drift,  which  was  deposited  still  later,  and 
llien  comes  the  outSow  of  basalt  before  the  waters  subsided,  as  is  shown 
by  the  testnre  of  the  rocks,  as  well  as  the  superficial  deposits  over  it ; 
then  the  waters  were  draiued  slowly  away,  sweepiog  with  them  most  of  j 
tbe  basalt,  with  the  exception  of  here  and  there  a  remuant,  and  also  most 
oC  the  deposits  beneath,  thus  giving  shape  to  tbe  valley.  All  these  events 
most  have  taken  place  subseqnent  to  the  completion  of  the  general  out- 
line of  the  coontry  by  the  upheaval  of  the  mountains.  It  is  probable, 
abso,  that  dnriug  this  period,  and  pi-obably  throughout  the  greater  por- 
liou  of  the  Tertiary  period,  hot  springs  were  very  abundant  everywhere, 
and  it  is  doubtless  due  to  these  that  the  organic  remains  found  in  these 
deposits  have  been  pre8er\'cd  in  snch  a  high  state  of  perfection  and 
beauty.  Tbe  silicitied  or  opalized  wood,  we  believe,  indicates  the 
presence  of  these  springs.  There  are  a  few  warm  or  moderately  hot 
springa  iu  this  valley  at  the  present  time. 

As  an  illastration  of  the  volcanic  action  in  this  valley,  the  reader  is 
referred  to  Fig.  2,  which  was  sketched  by  Mr.  Holmes,  about  two  miles 
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shove  Bofeler's  ranch  on  the  west  side  of  the  Yellowstone  Valley.  The 
long,  wall-like  mass  that  extends  down  Irom  the  side  of  the  hill  is  a 
dike  of  trachyte,  while  on  either  side  are  the  tnfas  and  breccias,  which 
have  been  weathered  into  columns  of  varied  forms.  This  may  also  repre- 
sent one  of  the  numerous  fissures  or  oblong  craters  from  which  much  of 
the  volcanic  material  was  ejected.  Fig.  3  shows  quite  clearly  the 
Blratified  character  of  the  tufas  and  breccias.  This  illustration  was 
taken  about  a  mile  above  Fig.  2,  on  the  same  side  of  the  Yellowstone. 
The  entire  mass  is  most  curiously  variegated  iu  color,  from  au  ashen- 
fream  color  to  deep  purple.  This  series  of  gray  volcanic  ashes  alter- 
nates with  more  or  less  coarse  strata  of  breccias,  the  fragments  cemented 
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with  tbe  tufas.    In  Fig.  3  we  see  a  carious  instance  of  a  sort  of  ntie 
formabiUty,  showing,  probably,  the  periods  of  deposition.    The  unc 


tying  portion  had  been  worn  into  a  conical  shape  by  tbe  waters  of  t\ 
lake  prior  to  the  depositioD  of  tbe  slanting  mass.  In  the  back-groui 
there  is  a  lofty  range  of  volcanic  breccia  or  conglomerates,  rising  3,0( 
feet  above  the  valley. 

We  will  now  take  our  leave  of  this  beautiful  valley  and  proceed  i 
the  river  tbrough  the  Second  Caiion.  We  may  hastily  notice  the  cha 
acter  of  tbe  rocks  on  eitber  side.  The  divide  between  tbe  Ye|lowstoi 
and  tbe  Gallatin  is  quite  sharp  and  narrow,  tbe  numerous  bttle  strean 
cutting  deep  channels  down  from  the  creut  to  tbe  river.  Tlie  divit 
itself  is  formed  entirely  of  the  volcanic  conglomerate,  weathered  inl 
the  most  singular  arcbitecturat  fdrms.  West  of  tbe  caiion,  at  tbe  bea 
of  Canon  and  Eock  Creeks,  this  conglomerate  is  at  least  1,000  I'ei 
thickj  horizontally  stratified,  and  worn  into  hundreds  of  pinnacles  t 
Gothic  columns.  (See  Fig.  4.)  These  conglomerates  extend  down  tl 
ridges  between  the  little  streams  for  several  miles,  while  the  gorges  ai 
deft  deepdown  to  the  metauiorpbic  rocks.  Thecauon  itself,  on  eitber  sidi 
is  composed  entirely  of  gneissic  strata.  Silicifled  wood  is  found  in  tbc£ 
conglomerates  in  great  quantities,  and  sometimes  huge  logs  and  stump 
are  exposed  in  a  veriica)  position  in  the  walls.  Kear  the  bead  of  Caiio 
Creek,  I  saw  the  stump  of  a  tree  wbicb  must  have  been  at  least  thirtee 
or  fourteen  feet  in  diameter  originally.  It  was  firmly  incIose<l  in  th 
breccia.  The  question  arises  in  the  mind,  Whence  originated  this  vas 
deposit  of  breccia  or  conglomerate,  and  what  were  the  phjsical  coodi 
tions  under  which  tbe  materials  were  deposited  f  As  to  their  origin,  W' 
must  conclude  that  they  were  thrown  out  by  volcanoes  into  the  sur 
rounding  waters  ninch  as  similar  materials  are  ejected  from  moden 
volcanoes  at  the  present  time.  We  find,  however,  that  these  breccia: 
are  of  immense  thickness,  sometimes  4,000  to  5,000  feet,  as  at  thi 
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8  of  the  East  Fork  and  In  the  monntaius  at  tbe  head  of  the  Upper 
Xellowstone  above  tbe  lake.  Some  of  tlie  highest  mouutaios  iu  tbe 
yorthweat  are  capi>ed  vith  tbese  volcanic  breccias  arrauged  in  horizon- 
tal strata,  and  showing  most  clearly  that  the  agent  was  water.  In 
atoiost  all  cases  these  stratified  breccias  are  perl'ectly  horizontal  froiA 
base  to  summit,  thereby  indicating  tbe  probability  that  there  lias  been 
no  important  movement  of  the  earth's  crust  since  their  deposition.    We 

Fig.   4- 


nrist  conclude,  then,  that  at  a  comparatively  modem  date  the  waters  so 
covered  these  monDtain-rangeB  of  the  Northwest  that  not  even  the  sani- 
mits  of  tbe  loftiest  peaks  were  above  tbe  surface.  It  is  barely  possible 
that  we  might  make  an  exception  iu  tbe  case  of  tbe  Grand  Tetons.  We 
may  suppose  that  the  materials  were  supplied  from  the  numberless  vol- 
canic fissures  in  unlimited  quantities  in  a  comparatively'  brief  space  of 
time ;  bnt  the  period  which  would  be  required  tor  the  waters  to  arrange 
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this  matter  in  the  remarkably  uniform  and  compact  series  of  strata  which 
we  Hod  at  the  present  time  mast  have  been  great.  The  resnlts  have 
been  carried  on  np'on  such  a  stupendous  scale  that  the  mind  finds  with 
difficulty  the  courage  to  grapple  with  them  or  attempt  to  explain  them. 
And  then,  subsequent  to  the  deposition  of  these  enormous  beds  of  con- 
glomerates, has  been,  the  wearing-out  of  canons  and  valleys  2,000  to 
4,000  feet  in  depth,  the  sculpturing  of  some  of  the  most  marvelously 
grand  and  unique  scenery  on  the  continent  In  passing  up  the  valley 
of  the  Upper  Yellowstone,  which  is  about  three  mijes  wide  and  has  been 
carved  out  of  this  hard  breccia,  one  could  easily  imagine  himself  in 
some  enchanted  land,  where,  on  every  side,  were  castles  and  palaces 
without  number. 

We  may,  therefore,  conclude  that  all  the  surface-phenomena  we  find 
here  at  the  present  time  are  only  the  insignificant  remnants  of  the  past; 
that  the  lakes,  streams,  hot  springs,  &c.,  are  only  the  dim  departing 
evidences  of  a  series  of  events  which  once  were  performed  here  on  a  scale 
that  almost  baffles  human  conception.  The  Second  Canon  is  formed  by 
the  passage  of  the  Yellowstone  River  between  lofty  walls  of  gneiss. 
On  the  east  side  is  Dome  Mountain,  a  vast  rounded  mass  of  granite 
rising  2,500  feet  above  the  river  flowing  at  its  base.  On  the  west  side 
are  two  or  three  rounded,  naked,  granite  peaks,  1,600  to  2,000  feet 
above  the  river,  but  less  conspicuous.  The  summits  and  sides  of  these 
granitic  mountains  show  most  distinctly  the  efiects  of  glacial  action. 
The  surfaces  in  many  places  are  smooth  as  glass,  and  glazed  as  it  were,  and 
lying  about  loose  are  great  numbers  of  rounded  bowlders.  The  forces 
that  stripped  off  the  thick  covering  of  volcanic  conglomerates  left  their 
traces  on  the  harder  rocks  below.  To  the  westward  the  gneissic  rocks 
soon  pass  out  of  sight  beneath  the  volcanic  conglomerates.  I  shall 
attempt  to  show  in  a  subsequent  chapter  of  «thi8  report  that  the  gneissic 
rocks  of  this  caiion  are  only  a  portion  of  the  nucleus  of  the  gre^t  range 
which  extends  across  the  countrj^  toward  the  northwest  to  an  unknown 
distance.  The  mountains  on  either  side  may  be  said,  in  the  main 
to  be  composed  of  granitoid  rocks  as  nuclei,  with  almost  numberless 
outflows  of  igneous  matter.  Although  this  statement  would  indicate 
that  the  geological  features  were  remarkably  simple,  yet  the  roundcKi 
forms  which  these  igneous  rocks  assume,  and  the  chaotic  condition  of 
the  surrounding  rocks  produced  by  these  volcanic  movements,  renders 
the  unraveling  of  the  structure  quite  difiOicult  in  its  details.  In  the 
present  report  I  cannot  do  more  than  present  a  general  view  of  the 
geology  of  the  Yellowstone  Valley,  referring  the  reader  to  the  report 
of  1871  for  more  detailed  information. 

The  next  point  of  importance  is  the  Cinnabar  Mountain  and  the  so- 
called  Devil's  Slide.  We  were  enabled  the  past  season  to  make  a  more 
careful  examination  of  this  interesting  locality,  and  the  sketch  taken  on 
the  spot  by  Mr.  Holmes  is  very  expressive  and  accurate.  (Fig.  5.)  Cin- 
nabar Mountain  comprises  a  group  of  nearly  vertical  beds,  rising  at  one 
point  2,000  feet  above  the  Yellowstone.  The  ridge,  or  mountain,  as  it 
may  be  called,  is  about  one  mile  in  length,  and  in  this  distance  are  ex- 
posed probably  10,000  feet  of  strata  from  the  metamorphic  quartzites 
to  the  coal  strata  inclusive.  The  hard  rocky  strata  stand  up  on*the 
sides  of  the  mountain  like  high  walls,  while  the  intervening  softer  beds 
have  been  washed  away;  the  direction  of  inclination  southwest  trends 
about  northwest  and  southeast.  The  following  section  is  given  somewhat 
in  detail.  It  commences  with  the  well-marked  Cretaceous  shaly  clays, 
which  are  probably  Middle  or  Lower  Cretaceous. 
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1.  Dark -brown  shaly  clay,  with  thin  layers  of  browti  sttiKlstone.     With 

geotles  of  calC'Spar.    The  whole  gradually  passing  to  a  slaty  shale. 
SUOfeet. 

2.  A  bed  of  broken  BsndBtoiiP, 

fine-gituneil,  frequently  ris- 
ing above  the  surface,  i 
feet. 

3.  Dartc  slaty  shale.    30  feet. 

4.  A     somber  bruwn    qnartzose 

sandstnae  projecting  up  on 
the  side  of  the  mountain 
like  a  wall.    50to8U  feet. 
6.  Dark-brown  shale,  with  three 
layers  of  sandstone,  4  to  10 
feettbick.  Toward  the  sum. 
mit  of  the  hill  ormountaiD, 
which  is  700  to  J,200  feet 
above  the  base,  the  sand-   „ 
stones  project  up  with  very    q 
rugged,    irregular     edges.   = 
The  rock  is  very  compact,   o 
chalky,   fracturing   easily.    < 
300  feet.  I 

6.  Amsty-brownnind-qnartzit«.   g 

iDcliuatiou,  73^.     100  feet.   ^ 

7.  Interval  of  softer  brown  mud-   ■ 

shale.    500  feet  ; 

S.  Brown   saodstoae,  rising  np  > 

in  a  high  wall  100  feet.    Be-  r>  3 

low  it  arc  some  thin  beds  I  ** 

of  Rondatone,  one  of  which,  |  *" 

2  feet  thick,  is  made  up  of  " 

small    pebbles,    cemented  g 

with  sand.  30  feet;  dip,  SIP.  ^ 

9.  Intervalofbrowu, arenaceous,  ; 

sbaly,  laminated  sandstone,  j 

10.  High  wall  of  brown  sandstone,  " 

with  huge,  concretious,  ir.  " 
regolar  bedding,  with  fine  ^ 
illustrations  of  wave-mark-  » 
logs.    20  feet.  3 

11.  Low  interval  of  soft  material,  ' 

black  shale  or  slate.  300 
feet 

12.  High     wall    of    raetybrowa 

quartzite,  so  bard  and  brit- 
tle and  broken  by  jointage 

as  to  appear  metamorpbic. 

20  feet;  dip,  70°. 
1^  Three  or  four  thin  beds  of 

qnartzite,     ragged     edges 

standing  up  5  to  30  feet 

above    the    surface,    with 

BofUr    clays    intervenibg. 

lOU  feet. 
14.  Grassy  iutervalfprobably  slaty 

day.    75  feet. 


42        GEOLOGICAL  SURVEY  OF  THE  TERRIT0EIE8. 

15.  High  wall  of  quartzite,  rising  at  one  point  150  feet,  with  intervals 

of  red  banded  shale.    1(K>  feet. 

16.  Three  beds  of  quartzite,  with  slaty  intervals.    200  feet. 

17.  Bluish-green  shale,  full  of  Jarassic  fossils.    150  feet. 

18.  Dike  of  trachyte  50  feet  wide.    Inclines  70o.    Shown  in  Fig.  at  c. 
10.  Black  shite,  metamorphosed  when  it  is  in  contact  with  the  dike-ma- 
terial.   200  feet    ' 

20.  A  huge  wall  of  brown  arenaceoas  limestone.    80  feet. 

21.  Yellow  and  red  banded  arenaceous  clay,  giving  name  to  the  moant- 

ain  by  it«  bright-red  color.    75  feet. 

22.  Several  beds*  of  arenaceons  limestone,  with  partings  of  clay,  very 

thin;  some  of  it  with  a  reddish  tinge;  carboniferous    fossils. 
500  feet. 

23.  Massive  limestone,  extending  down  to  the  metamorphic  quartzites, 

on  which  it  rests  unconformably.    1,500  to  2,000  feet. 

The  fossils  from  bed  17  are  enumerated  in  the  catalogue  by  Mr.  Meek. 

The  lower  portion  of  the  limestone  of  bed  No.  23  is^full  of  geode  cavi- 
ties, lined  with  crystals  of  calc-spar.  The  rock  is  very  hard,  compact, 
brittle,  easily  fracturing  into  small  angular  fragments,  the  whole  mass 
resisting  the  atmosphere  quite  successfully.  The  greater  portion  of 
this  limestone  is,  most  probably,  of  Carboniferous  age;  but  I  have  no 
doubt  that  the  lowest  part  is  Lower  Silurian,  though  it  differs  much  in 
texture  and  general  appearance  from  the  Silurian  strata  in  the  Gallatin 
Valley.  The  exact  line  of  separation  between  the  Silurian  and  Carbon- 
iferous is  difficult  to  determine.  The  partial  metamorphosis  of  the 
lower  limestones  has  rendered  this  more  obscure.  The  dike,  as  shown 
in  the  Fig.  at  c,  is  the  most  remarkable  feature  in  this  section.  It  may 
be  regarded  as  the  line  of  separation  between  the  Carboniferous  and 
Jurassic  strata.  The  dark  Carboniferous  shales  have  been  changed  into 
slates  on  either  side  of  the  dike,  and  portions  of  the  slate  are  attached 
to  the  mass  which  now  rises  above  the  side  of  the  mountain.  At  the 
lower  part  of  the  mountain  the  igneous  matter  seems  to  have  been  thrust 
up  between  the  strata  and  to  have  filled  the  cavities  like  a  mold,  bat 
toward  the  top  it  has  apparently  cut  across  the  layers  slightly,  producing 
some  singular  faults. 

Continuing  eastward  beyond  the  Cretaceous  clays  as  noted  in  the  sec- 
tion, we  find  a  vast  series  of  arenaceous  clays,  sandstones,  quartzites, 
arenaceous  limestones,  with  beds  of  lignitic  clay,  and  good  coal  6  or  8 
feet  thick.  I  estimated  the  thickness  of  this  Coal  group  at  2,000  to 
3,000  feet,  and  this  estimate  may  be  too  low.  There  is  much  confusion 
in  the  position  of  the  beds,  some  of  them  inclining  45^  to  oOo  for  a  Jit- 
tle  distance,  and  then  suddenly  becoming  almost  horizontal,  inclining 
50  to  100.  Yet  there  seemed  to  be  no  want  of  conformity.  There  is  a 
kind  of  irregular  synclinal  here,  by  which  the  Coal  group  has  been 
crushed  together  in  such  a  way  as  to  produce  chaos,  so  far  as  position 
is  concern^. 

From  the  Cinnabar  Mountain  the  beds  seem  to  incline  almost  south- 
west, while  from  the  high  mountains  between  the  Gallatin  and  Yel- 
lowstone the  internal  forces  seem'  to  have  operated  in  an  opposite 
direction.  Thus,  within  the  space  of  six  or  eight  miles,  extending 
from  the  summit  of  Electric  Peak  to  the  Yellowstone  Rivej*,  we  have 
the  full  series  of  sedimentary  rocks  from  the  Silurian  to  the  limits  of 
the  Coal  strata  inclusive,  forming  a  synclinal.  The  Cretaceous  beds^ 
which  are  noted  as  the  black  shales  in  the  section,  may  be  seen  high  up 
on  the  sides  of  the  mountain,  dipping  about  northeast  at  an  angle  of 
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250,  while  the  limestones  form  the  entire  upper  portion  of  a  peak  which 
rises  to  a  height  of  over  10,000  feet  above  tide- water.    It  is  probable 
that  a  portion  of  this  Coal  group  is  of  Cretaceous  age,  but  I  also  believe 
tiliat  the  beds  pass  up  into  the  Tertiary  period,  as  we  find  them  in  other 
portions  of  the  West.    Ammonites  and  baculites  and  other  Cretaceous 
shells  were  found  below  the  coal  in  a  fine  state  of  preservation,  but  no 
plants  or  other  fossils  were  found  above.    On  the  east  side  of  the  Yel- 
lowstone the  more  modern  beds,  probably  Tertiary,  are  largely  shown, 
iDcMning  in  such  a  way  as  to  indicate  that  the  Yellowstone  had  made 
its  way,  for  a  few  miles  here,  through  an  anticlinal  fissure.    Opposite 
the  Hot  Springs  on  Gardiner's  River,  there  is  a  vertical  wall  of  Creta- 
eeoQS  and  Tertiary  strata,  exposing  1,500  feet  or  more  in  th  ickness.    Coal- 
beds  occur  here  also.    All  the  way  to  Tower  Falls,  or  the  foot  of  the 
Gniod  Canon,  iragmentsof  the  sedimentary  group  occur  of  greater  or  less 
extent.    Thej  crop  out  from  under  mountains  of  volcanic  conglomerate 
and  basalt.     The  evidence  becomes  stronger  every  year  of  exploration 
that  the  erosive  forces  have  acted  on  a  more  stupendous  scale  than  I 
have  ever  conceived  or  expressed  in  any  of  my  former  reports ;  that  the 
entire  series  of  sedimentary  strata,  from  the  lowest  Siluriau  to  the  high- 
est Tertiary  known  in  the  West,  has  extended  in  an  unbroken  mass  all 
over  the  Northwest ;  and  we  find  here  and  there  by  the  exposure  of  the 
entire  series,  as  at  Cinnabar  Mountain,  and  in  many  other  localities,  the 
nio»t  satisfactory  proof  of  the  statement  which  I  have  so  often  made. 
This  single  statement  implies  that  from  10,000  to  15,000  feet  in  thickness 
of  nucbanged  rocks  have  been  removed  from  this  mountain-region,  except 
what  might  be  called  remnants  left  behind,  occupying  restricted  areas. 
Of  coarse,  the  older  the  group  the  larger  the  area  over  which  it  has  es- 
caped erosion.    The  hard  and  compact  limestones  of  the  Carboniferous 
and  Silurian  ages  are  found  to  a  greater  or  less  extent  all  over  the  North- 
west   They  yield  much  less  readily  than  the  more  modern  beds,  and 
are  consequently  found  on  the  summits  of  some  of  the  highest  mountains, 
10,000  and  12,000  feet  above  the  sea.    Indeed,  these  isolated  patches  of 
all  the  formations  which  occur  here  and  there  render  it  necessary  to  ex- 
plore the  country  with  much  detail,  in  order  to  prepare  a  geological  map 
in  colors  with  any  degree  of  accuracy.    These  isolated  fragments  are 
liable  to  be  met  with  in  the  most  unexpected  places — on  the  tops  of 
mooBtaius,  or  cropping  out  of  the  sides  of  canons  or  ravines.    Around 
the  sources  of  Gardiner's  River  and  Tower  Creek,  the  mountains  and 
hills  appear  to  be  entirely  of  volcanic  origin  at  a  distance,  and  many 
of  them  are ;   but  underneath  the  vast  volcanic  mass,  is  a  series  of  the 
grayish-brown  beds  of  the  Coal  group,  so  that  many  of  the  lower  hills 
from  which  the  volcanic  material  has  been  denuded  are  covered  with  an 
indnrated  calcareous  clay,  filled  with  deciduous  leaves  in  an  excellent 
state  of  preservation.    Farther  down  these  streams,  toward  their  junc- 
tion with  the  Yellowstone,  outcroppingsof  the  true  Cretaceous,  Jurassic, 
and  Carboniferous  occur  here  and  there.    To  what  extent  these  trachytes 
and  volcanic  conglomerates  covered  the  surface  at  one  time,  it  is  hardly 
possible  to  determine,  but  there  is  evidence  that  they  must  have  ex- 
tended in  an  unbroken  mass  over  a  ver^'  large  area. 

The  question  continually  arises  in  the  mind.  At  what  time  in  geologi- 
cal history  did  this  period  of  intense  volcanic  activity  occur!  Evidences 
of  greater  or  less  igneous  action  are  found  in  rocks  of  all  ages,  from  the 
lowest  metamorphic  up  to  the  present  time,  but  there  seems  to  have 
been,  as  it  were,  a  culmination  of  the  volcanic  forces  some  time  during  the 
later  Tertiary  period.  It  may  be  that  the  accumulated  forces,  which  had 
been  since  the  Cretaceous  era  gatheriu^in  the  interior  of  the  earth, 
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and  had  gradually  elevated  the  western  portion  of  the  continent  to  its 
present  position,  obtained  vent  at  this  time,  and  exhausted  themselves, 
leaving  behind  them  stupendous  monuments  of  their  power.  I  am  now 
inclined  to  believe  that  when  our  western  country  is  more  thoroughly 
explored  by  competent  geologists,  it  will  be  found  that  the  area  covered 
with  volcanic  rocks  is  far  greater  than  we  have  hitherto  suspected. 
Like  the  more  modern  Tertiary  beds,  the  basalts  and  conglomerates  of 
volcanic  origin  have  been  subjected  to  terrific  erosion,  and  only  a  por- 
tion of  their  wonderful  magnitude  is  left  behind. 

So  far  as  my  own  explorations  have  extended,  the  main  portion  of  the 
volcanic  material  of  the  West  has  been  thrown  out  at  a  comparatively 
modern  date.  Among  the  Cretaceous  and  coal-bearing  groups  are  irreg- 
ular interstratified  beds  of  basalt,  but  the  great  mass  of  trachyte,  basalt, 
and  volcanic  conglomerates  seems  to  have  been  erupted  since  the  surface 
attained  pretty  nearly  its  present  configuration.  The  conglomerates, 
although  in  some  instances  reaching  a  thickness  of  3,000  feet  at  least, 
do  not  seem  t3  have  been  disturbed  to  any  great  extent  since  their  de- 
position. The  position  of  the  trachytes,  which  have  overflowed  the 
mountain  ranges,  indicates  that  they  ex)uld  not  have  been  very  ancient, 
perhaps  not  older  than  later  Miocene  or  early  Pliocene,  while  the  true 
basalts  are  extremely  modern,  approaching  closely  to  our  present  era. 
In  the  report  of  last  year  I  described  the  modern  basaltic  outflows  on 
l>oth  sides  of  the  Yellowstone,  above  and  below  the  junction  of  the 
East  Fork.  On  the  sides  of  the  granitic  mountains,  at  different  eleva 
tions,  the  black  igneous  outflows  can  be  seen,  looking  like  hot  spring-de- 
posits, were  it  not  for  their  dark  color.  The  liquid  material  seems  to  have 
oozed  out  from  fissures  in  the  metamorphic  rocks  in  numerous  places. 
These  btisalts  fracture  readily  into  small  fragments,  and  the  debris  re- 
semble a  pile  of  dull  anthracite  coal.  These  very  modern  basalts  seem 
also  to  have  oozed  up  through  the  fissures  in  the  Cretaceous  and  Ter- 
tiary beds,  as  shown  on  the  east  side  of  the  Yellowstone  opposite  the 
mouth  of  Gardiner's  River.  Here  the  outcropping  edges  of  several  hun- 
dred feet  of  strata  are  shown  for  some  miles,  spotted  with  the  patches  of 
the  black  debris,  from  the  breaking  in  pieces  of  the  basalt  that  had 
flowed  out  at  diflferent  points.  We  may,  therefore,  conclude  that  this 
period  of  intense  volcanic  activity  probably  commenced  somewhere  <iur- 
ing  the  later  Miocene  or  early  Pliocene  epoch,  reached  its  greatest 
power,  and  then  slowly  declined,  the  hot  springs  and  geysers  of  the 
present  time  being  the  faint  departing  remnants  of  these  once  terrific 
forces. 


CHAPTER  III. 

FROM  EAST  FORK  TO  THE  MINING  DISTRICT  ON  CLARK'S 
FORK  AND  RETURN— YELLOWSTONE  VALLEY  AND  UOT 
SPRINGS— GEYSER  BASINS  AND  MADISON  RIVER. 

On  the  1st  day  of  August  I  started  from  the  forks  of  the  East  Fork 
for  the  Clark's  Fork  mines,  in  company  with  Mr.  William  Blackmore, 
and  Mr.  Holmes,  artist  of  the  survey.  The  camp  was  stationed  dow  u 
below  the  bridge  in  a  sheltered  valley,  where  the  animals  would  be 
secure  from  danger  and  get  a  good  supply  of  food.  This  trip  was  to 
take  us  over  new  ground  that  haS  been  omitted  in  our  explorations  of 
last  year.    Our  course  was  up  the  valley  of  the  middle  branch,  past  Soda 
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Butte,  which  was  described  last  year.    (Fig.  6.)    I  will,  however,  call  to 
mind  here  tbv  reuinrk  id  the  preceding  cbnpter  io  regard  to  the  ontcrop- 
ptDg  of  limestoues  of   Carboniferous  age  in  most  unexpe<;ted  places. 
Uu  the  east  side  of  thu  East  Fork  tbe  granite  rocks  seem  to  bare  pre- 
vailed.   On  tbe  summits  were  some  tracbytea  or  conglomerates,  but  be- 
fore reaching  tbe  forks  of  the  East  Fork,  tbe  high  mountains  are  com- 
posed uiostly  of  the  conglomerate,  while  at  tbe  very  base,  the  limestones 
crop  ont  50  to  100  feet  thick.    Soda  Butte  is  located  about  tbe  midd'' 
of  the   Viilley, 
and  is  an   ex- 
tinct geyser. 
(Fig.  74     Tbe 
natt^rialsof  tbe 
mound     are 
mostly  calcan.'- 
uu8>  and  show 
clearly    that 
these   lime- 
stones ruu  uu- 
ilw  tbe  valley,  " 
and    that    the  | 
vaiers  of   the  ^ 
geirsersaroseto  S 
the  surface  g 
thrungh   tbem,  -" 
dissolving  more  > 

or  less  lime  iu  ^  IS 

the  passage  up-  S  ^ 

«rd.  ~  » 

Asweasceud  ' 
this  valley,  we  s 
Kiou  find  our-  i 
selves  hemmerl  g 
iuoneitbersidc  « 
by  walla  of  rol-  3 
cauie  breccia  I" 
2,000  to    3,000 
feft  in  height. 
The  tipper  i>or- 
tiuDs  have  been 
weathered  into 
the    raost    re- 
markable   and 
attractive  pyra- 
midal and  cas- 
tellated  forms. 
Indeed,    all 

these  volcanic  conglomerates  have  a  tendency  to  waste  away  into  very 
artistic  architectural  forms.  Ou  the  east  side  of  tbe  valley  there  is  an 
megnlar  terrace-area  covered  mostly  wi lb  quiiking-aspens  and  pines, 
formed  by  land-slides.  Ou  this  terrace,  which  is  elevated  about  250  feet 
above  the  river,  tbere  are  a  number  of  small  lakes,  fed  by  the  melting  of 
the  HDons  from  tbe  mountainsides.  One  of  them  is  about  oue-fourth  of 
amile  long,  and  is  full  of  trout  varying  iu  length  from  10  to  IS  inches, 
"e  might  here  ask  the  question  how  tbese  little  lakes,  so  far  above  the 
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main  streams,  became  so  stocked  with  tront.    One  thing  is  certain, 
there  is  no  commuuication  for  the  fish  with  the  main  stream. 
Fig.  7  is  inteudcd  to  represent  an  ideal  section  of  Soda  Butte,  show- 
Pi-  -  ing  the  pipe  or  orifice 

and  the  manner  of 
the  deposition  of  the 
layers,  or  the  growth 
of  the  moand. 
The  limestone  that 
1^  cropped  out  for  a  lit- 
ij;  tledistancebelowtfae 
,^  forks    disappeared 
again  for  about  ten 
miles  ap  the  middle 
■■i  branch,  when  it  re- 
ft appeared    on     both 
I  sides  of  the  valley, 
f  and  continued  op  to 
\  the  Clark's  Fork  di- 
vide.   The  snows  are 

CA»».  L.M.JTOK«  «K:TI01I    OT  lODA  .UTTt.  ^^jj^       ^^^       ^p       ^^g 

sidesof  the  mountains  in  the  gorges  even  at  this  time,  and  it  is  probable 
that  they  remain  all  the  year.  The  width  of  the  valley  will  average  about 
ooe-fourth  of  a  mile,  and  is  thickly  wooded  with  several  kinds  of  conif- 
erous trees,  with  here  and  there  groupsof  the  aspen-poplar.  About  five 
miles  above  the  forks,  fragments  of  limestone  began  to  appear  on  the 
surface,  and  soon  the  regular  strata  commence  to  rise  above  the  bed  of  the 
stream,  and  about  t^n  miles  above,  the  limestones  were  exposed  in  ver- 
tical walls  on  either  side  of  the  canon  from  beneath  the  conglomerates  500 
to  1,200  feet.  The  upper  surface  is  quite  irregular,  indicating  a  great 
amount  of  denudation  prior  to  the  deposition  of  the  conglomerate.  The 
limestones  are  yellow,  brown,  and  in  many  localities  brick -red.  The  mess 
is  alternately  depressed  or  elevated ;  that  is,  sometimes  a  very  high  ver- 
tical whll  is  exposed  with  the  strata  incUning  at  various  angles,  Rgaiu  it  is 
depressed  nearly  to  the  bed  of  the  stream.  There  is  one  locality  near 
the  source  of  the  MiddleFork,  where  the  limestones  rise  up  1,01K)  to  1,200 
feet-.  So  far  as  texture  aided  to  determiue,  these  limestones  seem  to 
be  of  Carboniferous  age.  Numerous  fossils  were  found,  which  were  all 
of  that  age,  and  I  saw  no  locality  where  the  Bilnrian  limestones 
appeared  to  crop  out.  One  curious  fact  could  be  observed  here,  which 
shows  the  vsstness  of  the  eroding  forces.  The  rocky  walls  on  either  side  of 
this  canon  are  alike,  and  reveal  the  fact  that  the  entire  valley  has  been 
carvedouc  of  the  massive  rocks  which  must  have  been  far  more  esteusive 
than  we  see  them  at  present.  From  the  source  of  this  branch  to  the  en- 
tnince  into  the  main  valley,  a  distance  of  fifteen  miles,  a  mass  of  rock-ma- 
terials has  been  worn  out  one-fourth  of  amilein  width,  almost  fifteen  miles 
inlength,  and  of  a  thickness  at  least  equal  to  the  summits  of  the  highest 
peaks,  some  of  which  are  3,000  feet  above  the  valley  below.  We  cannot 
DOW  estimate  how  much  of  the  surface  may  have  been  wasted  away, 
but  the  evidence  is  clear  that  no  inconsiderable  portion  has  been 
removed.  When  the  limestones  are  exposed  underneath  the  conglom- 
erates on  one  side  of  the  caiion,  the  coriTsponding  strata  are  seen  on 
the  opposite  side.  The  conglomerates  are  very  nearly  or  quite  hori- 
zontal, the  lower  portion  adapting  itself  to  the  irregular  surface  of  the 
limestone  like  any  other  sedimentary  deposits.  This  valley  or  canon  is 
only  an  illustration  of  many  others.    I  have  no  doubt  that  the  Carboa- 
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ifnoag  limestones  noderlie  the  greater  portion  of  the  country  east  of 
the  Grand  Canon  and  the  lake,  extending  over  to  the  sources  of  Clark's 
Fork,  Stink ingwat«r,  and  other  streams.    This  enormous  tbickness  of 
'  «>ng1omeratc  once  extended  all  over  it  in  one  nnbroken  mass,  but  since 
the  snbsidence  of  the  waters  the  volcanic  mass  lias  been  cleft  down 
into  the  nnderljing  beds  of  limestone  in  every  direction,  forming  some 
as  remarkable  scenery  aa  there  exists  on  our  continent.    Mr,  IIolnieB, 
the  artist  of  the  expedition,  haa  sketched  many  natural  sections  show- 
ing most  clearly  the  relations  of  the  conglomerates  with  the  limestones 
below,  and  presenting  in  detail  the  singnlarly  unique  forms  which  are 
pnMiaced  abundantly  by  the  meteoric  forces.    Mingled  with  the  conglom- 
erates are  vast  irregular  masses  of  trachyte,  the  result  of  repeated  over- 
flows from  the  craters  and  Assures.     In  many  cases  the  nucleus  of  the 
OHMS  or  peaks  are  massive  trachyte.   -There  are  also  alternate  beds  of 
trachyte  and  conglomerate. 
Abont  the  soarcea  of  the  Middle  Pork  and  Clark's  Fork  are  some  very 
1     interesting  silver-mines.    They  are  all  located  in  the  limestoues,  from 
I     6,000  to  7,000  feet  above  sea-level.    These  limestones  rest  npon  granites 
near  Clark's  Pass,  and  one  poor  mine  has  beeu  found  in  those  rocks. 
The  "  croppings  "  are  of  a  maty  yellow  color,  a  sort  of  rusty  limestone 
or  qnartzite,  which  can  be  traced  for  miles.    The  mines  have  not  yet 
been  developed  to  any  extent,  but  the  ore,  which  is  galena,  looks  well. 
'     I  think  the  ore  is  located  in  regular  flssure-veins,  extending  downward 
\     aboat  at  right  angles  with  the  strata,  (which  are  nearly  horizontal,)  and 
probably  reach  down  into  the  metamorphic  rocks  beneath.    There  is 
ttte  greatest  abundance  of  water  and  wood  in  this  region  to  work  these 
•res  sbonld  they  prove  of  any  value ;  but  the  mines  are  at  present  so 
difficnit  of  access,  ao  t^r  from  market,  and  the  seasons  are  so  short, 
that  tbeir  value  is  nominal  at  this  time.     Still,  the  rapidity  with  which 
W*  vestem  country  develops  under  the  stiinnlns  of  rich  mines  and 
—'IMiiMds  is  so  great  that  these  far-away  ores  may  become  valuable 
i'  Fit.  8. 


nxmer  than  we  conld  anticipate.  A  regular  mining-district  has  Iteen 
fenced  here  and  namerous  lodes  staked  ont.  (See  map  of  East  Fork.) 
Passing  the  divide,  we  ascended  the  monntains  which  give  origin  to 
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one  of  the  main  branches  of  Clark's  Fork.  This  divide  or  pass  was 
foand  to  be  8,500  feet.  The  view  from  the  mountain-summit  was  grand 
in  the  extreme.  Extending  far  to  the  south  is  a  chaotic  mass  of  volcanic 
peaks,  varying  from  9,500  to  11,000  feet.  Pilot  and  Finger  Peaks  are 
located  near  together,  on  the  divide  between  the  East  Fork  of  Yellow- 
stone and  Clark^s  Fork.  (Fig.  8.)  One  of  them  derives  its  name  from  its 
shape,  like  a  closed  hand  with  the  index-finger  extending  upward,  while 
the  other  is  visible  for  so  great  a  distance  from  every  side  that  it  forms  an 
excellent  landmark  for  the  wandering  miner,  and  thus  its  appropriate 
name  of  Pilot  Peak.  The  metamorphic  rocks  underlie  the  limestones 
everywhere,  and  in  the  valley  of  Clark's  Fork  they  are  exposed  over  quite 
large  areas.  At  least  one  hundred  small  tributaries  pour  into  the  river 
and  its  main  branches  from  the  lofty  snowy  mountains.  Each  one 
seems  to  rise  in  a  small  lake,  and  as  we  pass  our  eyes  along  the  rounde<l 
low  granite  mountains  on  either  side  of  Clark's  Fork,  they  rest  upou 
numbers  of  these  reservoirs,  glistening  like  gems  in  the  sunlight.  On 
the  east  side  of  Clark's  Fork  is  a  remarkably  ruggexl  granite  range, 
covered  with  perpetual  snows.  On  the  west  side,  low  down  in  the  val- 
ley, the  massive  walls  of  limestone-strata  may  be  seen  most  distinctly. 
The  beds  of  limestone  do  not  seem  to  incline  at  very  great  angles,  but 
to  have  been  elevated  to  different  heights.  Sometimes  a  group  of  strata 
will  be  found  in  the  bed  of  the  valley,  and  then  again  lifted  up  iu  a 
nearly  horizontal  position  on  the  mountain-sides  1,000  or  1,500  feet 
above  the  bed  of  the  river.  Although  the  scenery  is  so  rugged  and 
grand,  yet  an  air  of  desolation  reigns  over  the  whole.  Perpetual  snow 
is  seen  everywhere,  and  the  somber  nakedness  of  the  volcanic  peaks 
adds  to  the  gloom  ;  but  toward  evening  the  setting  sun  envelops  them 
with  such  a  delicate  golden  haze  that  one  seems  wafted  into  the  land 
of  enchantment.  The  delicious  colors  are  blended  with  a  delicacy  and 
a  richness  that  no  artist  has  yet  fixed  on  canvas.  Toward  the  north 
and  stretching  off'  to  the  Yellowstone  are  a  great  number  of  sugar-loaf 
peaks,  giving  origin  to  Stillwater,  Eock  Creek,  and  Bowlder  Creek,  with 
their  numerous  branches  on  one  side,  and  Slough  Creek,  with  many 
other  creeks  that  flow  into  the  Yellowstone  or  East  Fork,  on  the  oppo- 
site side.  Slough  Creek  rises  in  a  little  lake  about  7,300  feet  above  the 
sea.  This  little  lake  is  about  three-fourths  of  a  mile  long  and  half  a 
mile  wide,  and  so  full  of  trout  that  they  cannot  find  sufficient  food  for 
their  subsistence.  At  any  rate,  Mr.  Blackmore  caught  over  one  hundred 
trout  in  a  few  hours,  which  averaged  from  12  to  15  inches  fti  length. 
Every  one  of  them  was  poor  and  thin.  Eock  Creek  also  rises  in  the 
same  ravine,  but  the  waters  are  turned  in  an  opposite  direction  from 
those  flowing  into  the  lake  at  the  source  of  Slough  Creek.  Kock  Creek 
flows  down  the  mountain-side  with  a  northeasterly  course,  carving  its 
channel  deep  through  the  limestones  into  the  metamorphiorocks,  and 
forming  some  of  the  most  interesting  scenery  in  this  region.  Nothing 
could  exceed  the  beauty  of  the  waterfalls  on  Eock  Creek,  where  the 
water  dashes  over  the  rocks  1,500  feet  in  a  distance  of  two  miles.  The 
photographer  could  here  find  subjects  for  his  art  without  number. 
The  tops  of  the  mountains  on  the  immediate  divide  are  mostly  limestone, 
and  on  every  side  the  conical  or  pyramidal  peaks  have  been  cut  down 
so  as  to  expose  the  metamorphic  rocks  to  a  greater  or  less  extent  In 
the  valleys  where  the  massive  feldspathic  granites  are  revealed,  they 
have  been  so  worn  by  glacial  action  that  a  smooth  surface  like  enamel 
has  been  formed. 

We  followed  down  the  somewhat  difficult  valley  or  canon  of  Slough 
Greek  on  our  return.    The  distance  was  about  eighteen  miles.    A  num- 
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ber  of  qoite  important  branches,  wbich  also  have  cut  deep  canons  for 
ten  or  twelve  miles  back  to  the  divide,  flow  into  Slough  Creek  on  either 
side.  The  sides  of  the  valley  are  everywhere  from  2,500  to  3,000  feet  in 
beighty  and  are  much  more  irregular  than  in  the  caiiou  of  Middle  Fork. 
In  the  granites  are  seams  of  feldspar  and  quartz  two  feet  in  width.  So 
aboodant  in  some  localities  are  these  seams  that  they  become  a  notice- 
able feature. 

The  valley  for  the  first  twelve  miles  from  its  source  is  from  one-fourth 
to  half  a  mile  in  width.  The  upper  portion  of  the  valley  is  volcanic, 
but  seems  to  have  cut  down  to  the  granites,  so  chat  in  the  bottom  we 
travel  for  the  most  part  over  huge  granite-bowlders. 

About  twelve  miles  down  the  stream  we  came  to  an  open  bottom  three- 
fourths  of  a  mile  wide,  covered  thickly  with  sage.  This  continued  about 
ttaee  miles,  then  the  valley  closed  up  again  within  granite* walls,  and  the 
waters  of  the  stream  formed  a  beautiful  cascade.  Again  the  valley 
expanded  oat  and. limestones  were  revealed  on  either  side  in  regular 
strata,  from  100  to  300  feet  in  thickness.  Again  the  valley  closed  up  in 
a  granite  caOon,  and  soon  opened  out  into  the  valley  of  East  Fork.  It 
is  plain  that  the  valley  of  Slough  Creek  is  purely  one  of  erosion. 
Tbroogh  the  volcanic  rocks  and  the  limestones  the  waters  have  carved  a 
dean  smooth  channel,  but  immense  masses  of  granite  have  been  left  in 
the  lower  portion  of  the  valley.  The  surface  of  the  metamorpliic  or 
granitoid  rocks  seems  to  have  been  very  irregular,  and  when  the  lime- 
stones have  been  stripped  ott'  by  denudation,  the  valley  would  be 
obstraeted  by  masses  50  to  150  feet  high,  over  which  the  waters  seem 
to  have  rolled  for  ages  without  making  much  impression.  At  any  rate, 
the  evidence  is  clear  that  the  volcanic  rocks  and  the  limestones  yield 
far  more  readily  to  meteoric  agencies  than  the  granites. 

We  may  say,  in  conclusion,  in  regard  to  the  rocks  of  this  district, 
that  we  find  a  series  of  limestones  probably  of  Silurian,  and  containing 
Home  of  Carboniferous  age,  resting  upon  an  irregular  surface  of  ineta- 
Dorphic  gneiss,  and  tt[)on  the  irregular  surface  of  these  limestones  reposes 
a  greater  or  less  thickness  of  volcanic  trachyte  nnd  conglomerate.  We 
may  judge  of  the  difterent  elevations  at  which  we  find  the  granite  where 
the  peaks  capped  with  limestone  are  1,(K)0  to  1,500  feet  higher  than  the 
valleys  with  the  rocks  holding  the  same  relations.  We  thus  see  that 
while  depression  of  some  i)ortions  of  the  surface  may  come  in  jis  an 
elein«git,jret  elevation  has  really  been  the  most  prominent  direction  of 
the  force. 

We  left  this  most  interesting  regfon  with  regret.  1  do  not  believe 
that  there  is,  at  the  present  time,  a  more  novel  or  interesting  portion 
of  our  continent  for  exploration  than  that  about  the  sources  of  the 
TarioQs  branches  of  the  Yellowstone,  from  the  Lower  Caiion  to  the 
month  of  the  Big  Horn  Eiver.  The  numerous  large  streams  like  the 
Bowlder,  Bosebnd,  Bock  Creek,  Clark's  Fork,  Pryor's  Fork,  &c.,  cut 
deep  and  most  picturesque  gorges  down  the  sides  of  the  mountains  until 
they  flow  out  into  the  plains.  We  have  probably  expressed  the  geology 
of  this  region  in  general  terms  in  the  present  report,  but  the  amount  of 
interesting  detail  which  must  yet  be  wrought  out  before  the  formations 
can  be  colored  properly  on  a  map  must  be  very.great. 

We  returned  to  our  camp  below  the  mouth  of  East  Fork,  and  the 
following  day  pursued  our  way  up  the  main  valley  of  the  Yellowstone. 
Rmt  a  detailed  description  of  this  valley,  its  falls,  caiions,  hot  springs, 
&c,  the  reader  is  referred  to  the  Report  of  the  United  States  Geo- 
logieal  Survey  for  1871.  The  exploration  of  the  present  season  de- 
vdoped  but  little  that  was  new  in  this  region.    More  careful  instrumental 
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observations  were  made  by  diEToreiil  memberB  of  the  party,  aod  some 
additional  facta  were  obtained  by  Dr.  Peale.  Tbese  will  all  appear  in 
8ubBe<|iient  portions  of  tbis  report.  We  will,  therefore,  pass  by  the  won- 
derful basalticcolnniiis,  whieb  are  so  finely  shown  in  Fig.  9.  Tower  Falls, 
jTig,  J.  Grand  CaEiOQ,  Upper 

I  and  Lower  Falls  of  the 
Yellowstone,  as  well  as 
the  nnnierotis  groups 
lit'  hot  springs,  which 
are  abundant,  can  only 
be  alluded  to  in  gen- 
eral terms.  Some  new 
groups  of  springs  were 
added  to  the  list,  but 
none  that  threw  any 
additional  light  on 
their  history-.  There 
ure,  no  donbt,  many 
small  gronpsof  springs 
.vet  undiscovered. 
Glowing  acconnts 
were  given  to  us  of  a 
very  interesting  group 

Bat  the  very  source  of 
the  West  Braneb  of 
Gardiner's  Kiver. 
When  the  National 
Park  has  been  ren- 
dered more  easily  ac- 
cessible for  traveleris, 
many  curious  discov- 
eries will,  no  doubt, 
be  made  which  will  in- 
crease the  public  in- 
terest in  this  wonder- 
ful region.  The  origin 
of  the  remarkable 
lake-basiu,  in  -which 
E  the  greater  part  of  the 
si  wonders  is  located,  is 

I  most  interesting  in  a 
geological  point  of 
view.    I  am  convinced 
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one  of  erosion,  but  in  part  of  elevation.  It  seems  probable,  however,  that 
the  intense  volcanic  action,  of  which  we  see  everywhere  such  unmistak- 
able indications,  occurred  at  a  very  modern  geological  period,  not  farther 
back  than  the  Pliocene  period,  and  perhaps  even  not  later  than  what 
we  usually  denominate  the  Quaternary  or  Drift.  At  any  rate,  it  is 
probable  that  the  waters  surrounded  and  perhaps  covered  the  highest 
mountain -peak  8,  inasmuch  as  we  not  only  find  drift- bowlders  upon 
-  most  of  the  loftiest  ranges,  but  the  volcanic  conglomerates,  tuffs,  &c., 
are  arranged  in  a  stratified  and,  for  the  most  part,  horizontal  position 
as  high  as  the  most  elevated  i)eak8  in  tfao  Yellowstone  Basin.  On  the 
west  side  of  the  lake  some  of  the  highest  peaks,  as  Pomeroy,  Laogford, 
Stevenson,  Doane,  and  others,  are  seemingly  hugerolcanic  cones,  uoui- 
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posed  of  compact  trachyte,  bnt  amroanded  with  stratified  breccia  or 
coDgloioerate,  jattin^  up  against  the  sides  and  reaching  uearly  oi  quite 
to  tbc  sammits.  Indeed,  some  of  the  highest  peaks  are  apparently  made 
np  of  the  congtoinerate.  We  may  conclude,  not  only  that  the  carving 
ont  of  the  chitaael  of  the  Grand  Caiioa  was  a  very  modem  event,  but 
that  the  depositioD  of  the  entire  material  which  forma  the  canon  is,  in  a 
geological  Hense,qaite  a  modenri  occnrrencc.  The  drniuageof  the  country 
eommcDced  long  before  the  excavation  of  the  present  water-courses,  but 
it  ia  difficult  to  iinswertbe  question  how  this  great  drainage  was  brought 
nboQt,  nuieas  we  aeconnt  for  it  by  a  general  elevation  of  the  entire 
eoantry,  gradaally  sending  this  immense  l>ody  of  water,  which  must  have 
prevail^  all  over  the  Northwest  at  least,  |>erbap8  all  over  the  Rocky 
Honntaiii  region,  westward  into  the  PaciHc  and  eastward  into  the 
Atlantic.  As  the  waters  slowly  subsided  they  were  separated  into 
lakesof  greater  or  lesR  size,  and  then  came  the  excavation  of  the  Grand 
Ca9on,  wbicb  slowly  drained  the  great  lake-basin  above  the  falls,  so 
(hitt  now  we  have  only  the  compare ti\ely  small  remnant,  the  Yellowstone 
Idke.  (Fig.  10.)  Other  small  fni^iaents  are  scattered  aboutin  the  vicin- 
itj,  wbich  now  form  reservoirs  for  the  local  drainage.  Undoubtedly  the 
same  series  of  remarkable  ph.vsical  events  occurred  in  Oregon  laud  in 
California  and  in  Idaho  and  Washington  Territories,  and,  perhaps,  far 
aoatliwanl  into  Mexico,  judging  from  the  published  reports.  The  Hot 
Springs,  whi(;h  are  now  slowly  dying  ont,  are,  of  course,  the  last  of  this 
wries  of  events.  The  evidence  seems  clear  that  all  over  the  West  dur- 
iogUiis  great  period  of  volcanic  activity  the  hot  springs  and  perhaps 
(TM  geysers  were  very  nnmerons.  We  everj'where  find  the  remains  or 
deposits  in  all  the  States  and  Ternturics  west  of  the  Mississippi,  and 
M*  and  then  a  warm  or  hot  spring  remains  to  indicate  the  story  of  their 
foflDer  power. 

Fig.  ti. 


I    . 

Fig.  11  is  intended  to  illustrate  the  probable  avennes  through  which  the 
urteoric  waters  pass  down  through  the  rocks  to  the  heated  portions.  At 
ilad  Springs,  about  six  miles  below  the  Yellowstone  Lake,  there  is  a 
rertjcal  wall  of  basalt,  about  50  feet  high.    This  wall  is  only  a  remnant 
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of  a  vast  masB  which  extended  all  along  the  river,  bnt  which  has  non 
been  dissolved  into  clay  of  varied  colors  by  the  hot  springs.  ThcJointE 
are  very  regular. 

Id  my  report  of  1871,  page  100, 1  deacribed  the  Hot  Spring  monads 

that  extended  into  the  lake  from  the  shore,  and  stated  that  a  person 

p^,  ,,,  might  stand  upon  the  siliceoae 


the  high  plateau.  Fig.  13  represents  one  of  these  elevated  bodies 
of  water  which  will  always  be  invested  with  a  charming  interest 
on  account  of  their  romantic  picturesqueness.  Fig.  13  shows  onr  camp 
at  night  after  the  party  bad  made  a  long,  tedious  march  from  the  Yel- 
lowstone Lake  ou  the  way  to  the  source  of  the  East  Fork.  Fig.  14 
represents  the  party  on  horseback  as  it  left  the  camp  the  following 
morning.  The  cuts  were  engraved  from  photographs  taken  by  Mr. 
Jackson.  The  photographs  show  the  whole  party  reflected  in  a  remark- 
able manner  in  the  clear  waters  of  the  lake. 
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The  hot  springs  and  geysers  of  the  Yellowstone  and  Madison  were 
to  fullj described  Inst  vear,  and  are,  with  consideruble  detail,  uotiued  iu 
the  present  report  by  Dr.  Peale  and  Professor  Bradley,  that  I  have  given 
then)  bnt,  little  attention.  I  will  I'efer,  however,  for  a  moment,  to  a  few 
illnstrations,  and  amon^ttieiii  .the  fine  one  which  I  am  permitted  to  iihc 
in  tbia  report  by  the  coimesy  of  the  editors  of  the  Illastrated  Ohristinn 


t  ITeekly,    The  cnts  were  eDgraved  from  photographs  takt'ii  by  Mr.  Jack- 

i'  ■Hi,of  the  snrve.T,  during  the  summer  of  1871,  The  "Hot  Sjiring  Cone"' 
Recalled  the  "Fieh-Pot,"  from  the  fnct  that  it  extended  out  into  the 
■be  Beveral  feet,  so  that  one  eonld  stand  on  the  ailieeous  mound  and 
kok  the  trout  from  the  coldw&ters  of  the  lake,  nnd,  without  moving^ 
toil  them  in  the  etenming-hot  water  of  the  spring.  There  seemed  to 
V  no  connectioii  between  the  oritice  of  the  Hot  Spring  and  the  cold 
Vater  around.    In  the  upper  right-hand  corner  i<i  the  Cattle  Geyser, 
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and  the  most  beautiful  spring  iu  the  Up|>er  Geyser  Basin  of  the  Madi- 
son. The  Grotto  and  Giant  Geysers  are  tirstclaas  spouters,  throw- 
ing a  column  of  water  up  from  lUO  to  200  feet  and  continuing  the  oper- 
ation from  one  to  two  hours.  The  "Boiling  Sjging,"  at  Sulphur  Moun- 
tain, is  located  in  the  valley  of  the  Yellowstdpl,  about  ten  miles  below 
the  lake,  at  a  locality  known  as  the  "  Seven  Hills.''  It  is  indicated  on 
the  chart  in  the  report  of  1871,  page  88,  and  described  on  page  89.  This 
spring  is  known  as  the  Sulphur  Spring,  and  the  open  portion  is  about 
15  feet  in  diameter.  The  ornamentation  about  this  spring  is  beautiful 
in  the  extreme.  At  the  lower  right-hand  corner  is  a  small  sketch  of  the 
Calcareous  Springs  on  Gardner's  River,  with  the  curious  terraces  and 
bathing-pools  which  were  described  in  detail  last  season. 

So  far  as  we  could  ascertain  in  our  explorations,  all  the  rocks  about 
the  sources  of  the  Yellowstone  and  the  Madison  are  of  volcanic  origin. 
It  is  true  that  in  the  valleys,  the  very  modern  lake-deposits  reach  a 
thickness  of  several  hundred  feet,  but  they  are  seldom  taken  into 
account  as  distinct  geological  formations.    Still,  they  are  found  every- 
where in  the  valleys.   The  foot-hills  that  border  the  Yellowstone  Valley 
between  the  falls  and  the  lake  are  entirely  made  up  of  them,  and  must 
have  an  aggregate  thickness  of  600  to  800  feet  at  least.    Between  the 
Yellowstone  Valley  and  the  head-waters  of  Madison  and  Snake  Rivers, 
these  modern  deposits  are  seen  everywhere,  filling  up  the  inequalities 
of  the  surface  of  the  underlying  volcanic  rocks,  and  giving  a  rounded 
smoothness  to  the  present  surface.    They  form  the  soil  upon  which  the 
existing  vegetation  grows.    These  deposits  are  all  plainly  local  in  their 
origin  5  that  is,  they  are  derived  from  the  rocks  in  the  immediate  vicin- 
ity, or  within  the  limits  of  the  drainage  in  which  the  s|>ecific  beds  are 
found.     For  example,  the  modern  lake  deposits  of  the  Yellowstone 
Basin  were  all  derived,  so  far  as  1  could  observe,  from  the  rocks  within 
the  limits  of  the  drainage  of  the  Yellowstone  River  above  the  falls. 
The  local  origin  of  the  modern  drift-deposits  seiBms  everywhere  appar- 
ent.   The  same  deposits  are  found  to  a  less  extent  in  the  Geyser  Basins 
of  the  Madison.    On  the  west  side  of  the  Madison,  above  and  below  the 
junction  of  East  Fork,  the  bluff  bank  is  400  to  50.0  feet  high,  composed 
of  trachyte.    In  the  basin  are  a  number  of  long,  low  ridges  or  hills, 
composed  of  porphyritic  obsidian  and  trachyte,  which,  I  think,  are  only 
the  remnants  of  the  great  continuous  mass  out  of  which  the  entire  valley 
has  been  carved.     The  Twin  Buttes  are  also  partially-disconnected  por- 
tions nearer  the  high  trachyte  ranges  that  border  the  basin.    Much  of 
the  rock  is  made  up  of  rounded  masses  with  a  radiate  structure,  as  if 
the  igneous  rocks  were  partially  crystalline;  other  masses  ai^  com- 
posed of  concentric  1  oats,  with   cavities  filled   with  feldspar,  which, 
decomposing  readily,  giv^e  to  the  extensive  surface  a  rough  appearance. 
From  the  junction  of  East  Fork  down  six  miles,  the  Madison  flows  very 
majestically  and  most  beautifully.    The  banks  are  low,  and  fringed  with 
vegetation  of  the  most  vivid  green,  while  visible  through  the  water,  the 
patches  of  vegetation  give  a  most  pleasing  variety  to  the  current.    The 
warmth  of  the  water  seems  to  have  given  a  kind  of  tropical  luxuriance  to 
the  vegetation,  stimulating  to  an  unnatural  growth.  There  comes  a  series 
of  rapids  of  great  beauty,  with  walls  on  the  west  side  600  to  800  feet, 
rising  nearly  vertically,  and  composed  of  layers  of  trachyte.    Much  of 
it  is  m.ide  up  of  rounded  masses  from  the  size  of  a  pea  to  several  inches 
in  diameter,  either  with  a  semi  crystalline  radiate  structure,  or  filled 
inside  with  feldspar.    The  east  side  of  the  Madison  recedes  in  step-like 
hills  or  ridges,  until  a  certain  elevation  is  reached,  when,  as  far  as  the 
eye  can  reach,  nothing  can  be  seen  but  a  dense  forest  of  pines.     We 
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eamped  the  night  of  AagQst  21  in  a  very  romantic  place,  at  the  junc- 
tion of  Gibbon's  Fork  with  the  Madison.  Gibbon's  Fork  is  a  beantiful 
stream  that  flows  into  the  Madison  on  the  east  side,  about  100  i'eet  wide, 
quite  unknown  on  any  of  our  maps.  We  have  named  this  stream  in 
honor  of  Greneral  John  Gibbon,  United  States  Army,  who  has  been  in 
military  command  of  Montana  for  some  years,  and  has,  on  many  occa- 
sions, rendered  the  surv^ey  most  important  services. 

About  half  a  mile  up  Gibbon's  Fork  on  the  west  side  are  some  very 
interesting  hot  springs.  They  are  located  near  the  immediate  base  of 
the  hills  that  inclose  the  valley,  elevated  about  100  feet  above  the  Ix^d 
of  the  stream,  and  cover  several  acres  with  their  peculiar  deposit.  The 
varied  colors  of  the  jelly  like  substance  were  fine,  and  other  vegetable 
forms  are  abandant.  Several  quite  large  streams  flow  away  from  the 
springs  in  winding  channels,  with  beautifully-scalloped  edges.  One 
large  spring  forms  a  reservoir  about  200  feet  long,  and  on  an  average 
50  teet  wide.  At  one  end  of  this  reservoir  are  two  orifices,  one  quite 
large  in  mass,  two  feet  or  more,  boiling  constantly.  There  is  also  a 
small  side-orifice.  From  the  sides  of  the  hill  several  small  hot  springs 
flow  into  the  reservoir  along  most  elegantly-ornamented  channels.  If 
it  were  not  for  the  greater  and  more  important  group  of  springs  above, 
this  small  group  would  attract  much  attention  at  some  future  period. 
The  old  deposit  has  now  become  dry,  but  it  was  formed  into  quite  large 
terraces,  somewhat  like  those  made  by  the  calcareous  springs,  with 
larger  reservoirs  or  pools,  instead  of  the  more  delicate  ones  in  the 
Geyser  Basin.  In  the  reservoirs  and  along  the  channels  of  the  living 
springs  are  most  beautiful  masses  or  locks  of  vivid  green  coufervoid 
vegetation,  floating  in  the  water  like  locks  of  wool.  There  are  several 
other  fiue  springs,  but  mostly  of  low  temperature,  with  the  inner  surface 
of  the  basins  covered  over  with  a  thick,  deep,  rusty-yellow,  leathery  sub- 
stance, which  gives  them  the  look  of  a  tan  vat.  The  rocks  on  either  side 
of  the  Madison  are  trachyte,  but  apparently  arranged  in  vertical  layers, 
so  that  the  liver  seems  to  have  worn  its  channel  through  them.  The 
rocks  appear  as  if  they  had  originaTly  been  formed  in  horizontal  layers, 
but  bad  been  tilted  up  subsequently  into  a  nearly  vertical  position  ;  but 
it  is  probable  that  this  slaty  fracture  is  due  to  some  process  of  cooling. 
In  the  caiioii  where  the  walls  rise  on  either  side  to  a  vertical  height  of 
800  to  1,400  feet,  there  is  no  evidence  of  any  tilting  of  the  rocks  of  mod- 
em date.  The  valley  through  the  canon  is  about  300  yards  wide,  cov- 
ered tbickly  w^ith  suiall  pines.  About  five  miles  down  the  caiion  on  the 
right  side,  there  are  I'ather  imperfect  basaltic  columns.  In  one  instance 
a  most  picturesque  arch  is  formed.  On  the  summit  of  the  canon  there 
is  a  bed  of  soinber-brown  rock  that  looks  like  basalt.  The  lower  por- 
tions, which  we  have  usually  called  trachyte,  probably  cooled  under 
considerable  pressure  and  is  older,  while  the  basalt  is  the  result  of  a 
second  outflow  under  far  less  pressure,  is  less  compact  and  yields 
readily  to  meteoric  agencies. 

After  passing  through  the  canon,  which  is  about  eight  miles  in  length, 
we  cam^out  into  a  vast  basin  with  a  remarkable  system  of  terraces  on 
both  sides  of  the  Jliladison.  The  river  is  beautiful  in  its  quiet  flow. 
The  water  is  shallow,  clear,  and  at  the  bottom  the  bright  vegetation 
may  be  seen  like  little  green  islands.  As  we  come  out  of  the  canon  we 
have  the  bold  basaltic  i)eaks  about  the  sources  of  Gardiner's  River, 
extending  down  between  the  Yellowstone  and  the  Madison;  on  the 
wuth  is  the  long,  low  wooded  divide  between  the  waters  of  the  Madison 
and  Snake  Rivers,  very  seldom  rising  above  7,000  or  8,000  feet ;  on  the 
west  side  of  the  basin  is  the  grtuid  range,  which  extends  on  both  sides  of 
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tbe  MadisoD,  through  which  the  river  has  carved  the  Middle  Canon.  The 
modern  deposits  iu  this  basin  are  quite  extensive,  reaching  an  aggre- 
gate thickness  of  400  to  800  feet,  but  they  are  composed  mostly  of  vol- 
canic sand  and  gravel  or  coarse  drift-material,  much  worn,  with  only  a 
small  proportion  of  the  light-gray  marls,  which  we  find  so  abundant  in 
the  valley  of  the  Three  Forks.  Vast  quantities  of  rounded  bowlders 
are  scattered  over  the  surface,  all  of  which,  so  far  as  I  could  ascertain, 
are  of  volcanic  origin.  This  basin  is  mostly  covered  with  a  thick  growth 
of  pines,  with  here  and  there  open  meadow-like  spaces  or  parks. 

From  this  basin  we  made  a  short  side-trip  to  Henry's  Lake,  which 
forms  the  source  of  one  of  the  main  branches  of  Snake  River.  After 
traveling  several  miles  across  the  bottoms  through  dense  pine-woods, 
we  came  out  near  a  good-sized  stream,  which  flows  into  the  Madison 
from  the  west.  Crossing  this  we  have  a  broad  open  meadow  for  several 
miles  until  we  reach  the  Tahgee  Pass,  which  leads  over  to  the  valley  of 
Henry's  Fork.  The  scenery  was  very  attractive  in  every  direction. 
This  branch,  which  has  never  yet  been  laid  down  on  any  of  our  maps, 
is  about  100  feet  wide,  and  on  an  average  one  foot  deep,  and  winds 
most  sinuously  through  the  low,  boggy  bottom.  We  followed  the  old 
Tahgee  trail  to  the  East  or  Tahgee  Pa  <s,  named  years  ago  after  the  head- 
chief  of  the  Bannacks.  This  is  a  low  level  pass  over  which  a  coach  and 
four  might  travel  on  a  gallop.  It  is  underlaid  mostly  with  limestones, 
but  as  we  approach  Henry's  Lake,  the  quartzite  and  gneissic  rocks 
appear  beneath  the  limestones.  The  lower  portion  of  these  unchanged 
rocks  are  pebbly  arenaceous  limestones  and  sandstones.  The  pebbles 
are  much  worn,  and  are -either  quartz  or  micaceous  gneiss,  showing  that 
the  sediments  were  derived  directly  from  the  metamorphic  rocks. 

In  this  pass  there  is  a  group  of  huge  hemlocks  that  will  at  once  arrest 
the  traveler's  attention.  They  seem  to  belong  to  another  age.  There 
are  ten  of  them,  and  several  others  have  perished.  They  are  four  to 
six  feet  in  diameter,  and  rise  to  a  height  of  100  to  150  feet.  This  group 
of  trees  is  the  more  conspicuous  from  the  fact  that  they  are  larger  than 
any  others  in  this  region,  and  have  a  very  ancient  api)earance. 

There  is  one  peculiarity  of  the  tree- vegetation  all  over  this  portion  of 
the  West,  that  it  has  a  fresh,  young  look.  The  pines  are  seldom  mor^ 
than  two  feet  in  diameter,  sending  up  a  straight  stem  100  to  150  feet 
high,  and  a  large  aged  pine,  or  tree  of  any  kind,  is  a  landmark  as  well 
as  a  curiosity.  We  ascended  the  mountains  on  the  north  side  of  Henry's 
Lake,  and  from  this  point  obtained  a  fine  view  of  the  country  in  every 
direction.  The  view  down  Henry^s  Fork  was  remarkably  fine.  The  air 
was  clear  and  pure,  and  the  valley  to  the  junction  with  Snake  River  was 
spread  out  like  a  picture,  while  the  magnificent  range  of  the  T6tons,  full 
fitly  miles  distant,  seemed  not  half  that  distance.  The  metamorphic  rocks 
are  best  shown  on  the  west  side  of  this  range.  Henry's  Lake  was  at 
our  feet,  shallow  and  full  of  little  islands,  only  a  remnant  of  its  former 
self.  To  the  west  there  is  a  beautiful  grassy  valley,  w^ith  a  small  stream 
that  flows  into  Henry's  Lake.  This  valley  leads  up  to  the  divide  from 
which  the  west  fork  of  the  Madison  takes  its  rise.  South  of  4his  val- 
ley there  is  a  belt  of  metamorphic  rocks  extending  off  far  to  the  west, 
rising  800  to  1,200  feet  above  tbe  lake.  On  the  south  side,  and  extend- 
ing to  the  southwest  toward  Red  Rock  Lake,  is  another  valley,  which 
forms  a  beautiful  pass.  The  low  belt  Of  mountains  between  these  two 
passes  is  grassed  over  or  thinly-wooded  with  pines.  While  the  range 
on  the  south  side  of  the  lake,  which  extends  off  in  a  southwest  direction 
from  Henry's  Fork  Valley,  is  very  heavily  timbered.  This  is  a  fine 
range,  and  is  at  this  time  covered  with  large  patches  of  snow.    The 
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flrst  peak  to  the  east  is  about  10,000  feet,  the  second  peak  10,500,  and 
the  third  peak  in  the  range  10,000  feet.'    This  will  afford  some  idea  of 
the  i^neral  elevation  of  these  moantains.    On  the  east  side  the  mount- 
ains gradually  bend  down  to  the  valley,  but  are  covered  with  a  dense 
growth  of  pines.    Far  southward  extends  the  valley  of  Henry's  Fork — 
a  marvel  of  beauty  and  freshness.    The  uppier  portion,  for  an  extent  of 
twenty  to  twenty -five  miles  in  length  and  five  to  ten  miles  in  breadth,  is 
like  ameadow,  covered  with  a  luxuriant  growth  of  grass;  while  flowing 
from  the  lake  and  winding  through  the  middle  of  the  valley,  receiving 
CD  either  side  nnmeroiis  branches,  is  Henry's  Fork.    Still  farther  south- 
ward is  a  dense  black  mass  of  pines,  and  just  on  the  dim  horizon,  more 
than  one  hundred  miles  distant,  is  the  range  of  mountains  that  forms 
one  side  of  the  rim  of  the  Snake  River  Basin  near  Fort  Hall.    North  of 
this  is  the  wonderful  T^ton  Basin,  which  is  also  like  a  meadow.    To 
the  southeast  the  shark-teeth  summits  of  the  Grand  T^tons  are  most 
ooospicnous  and  clearly  defined,  rising  so  high  above  all  other  mountain- 
peaks  that  they  stand  isolated,  monarchs  of  all.    To  the  northeast  of 
the  T^tons  there  is  a  broad  extent  of  table-land,  with  a  general  eleva- 
tion of  8,000  to  8,500  feet,  covered  with  a  dense  growth  of  pines.    This 
plateau  is  probably  covered  with  volcanic  rocks.    On  the  east  or  north- 
east is  the  Tahgee  Pass,  and  Bannack  Trail,  which  cuts  through  a  range 
of  mountains,  the  highest  peaks  of  which  are  9,000  feet,  down  the  east- 
ward slope,  to  the  pine  table-lands  about  the  sources  of  the  Madison  and 
Yellowstone.    Nearly  all  the  rocks  on  the  southeast  side  of  the  Tahgee 
Pass  are  volcanic.    Yet  on  the  sides  of  the  pass  are  a  few  outcroppings  of 
limestone.    We  know  that  the  limestones  are  underneath  the  trachytes. 
The  area  occupied  by  the  different  kinds  of  rocks  can  only  be  shown  by 
colors  on  the  geological  map,  which  will  be  prepared  in  due  time.    On 
the  north  side  of  Henry's  Lake  is  the  range  of  mountains  which  forms 
the  divide  between  the  Snake  and  Madison  Rivers,  and  through  which 
the  Madison  cuts  its  way  in  forming  its  Middle  Gafion.     Henry's  Lake 
is  a  fine  illustration  of  a  remnant,  dating  back  probably  to  Pliocene 
tiroes,  when  all  these  valleys  were  filled  with  water,  perhaps  connecting 
the  draina/ore  of  the  Missouri  with  that  of  the  Columbia,  and  as  the 
waters  subsided,  formed  the  vast  chain  of  lake-basins  along  all  the  im- 
portant streams  on  both  the  Atlantic  and  Pacific  slopes,  of  which  our 
present  lakes  are  only  insignificant  remnants. 

I  have  DO  doubt  that  the  lowest  strata  of  unchanged  rocks  about 
Henry's  Lake  are  Silurian,  probably  of  the  Potsdam  group,  but  I  looked 
in  vain  for  any  traces  of  organic  remains.  The  Carboniferous  litnestoues 
higher  up  were  filled  with  characteristic  fossils.  I  regard  this  as  one 
of  the  most  interesting  geographical  points  in  the  West.  Within  a  cir- 
cle of  about  fiftieen  miles  in  diameter  there  are  four  most  important 
passes  in  the  Bocky  Mountain  divide,  which  may  represent  the  four 
points  of  the  compass.  The  East  or  Tahgee  Pass  connects  the  Yellow- 
stone National  .Park,  the  sources  of  the  Madison,  and  the  Yellowstone, 
with  the  Pacific  coast.  It  has  an  elevation  of  7,003  feet.  The  second 
may  be  called  the  North  or  Uaynolds  Pass,  and  leads  from  the  Snake 
Valley,  by  way  of  Henry's  Lake,  over  a  smooth,  grassy  lawn,  into  the 
Lower  Madison  Valley.  The  third  is  the  Red  Rock  or  West  Pass,  which 
opens  into  the  valley  of  the  Jefferson  by  way  of  R-ed  Rock  Lake,  and  is 
as  smooth  and  as  easily  traveled  as  the  Madison  Pass.  The  South  or 
Henry's  Pass  completes  the  circle,  and  is  lower  than  either  of  the  other 
three.  The  ease  with  which  railroads  or  wagon-roads  can  be  constructed 
icross  these  great  divides  is  almost  incredible  to  one  that  has  not  made 
them  a  subject  of  study,  and  the  great  area  of  valuable  territory  which 
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ma  V  be  opened  to  settlement  throagh  them  may  entitle  them  to  the  ap- 
pellation of  the  Great  Gateways  of  the  West. 

On  the  night  of  August  24  we  camped  at  the  upper  end  of  the  Mid- 
dle Gallon  of  the  Madison,  and  here  remained  a  day  or  two  in  the  midst 
of  most  instructive  illustrations  of  mountain-scenery.  The  relations  of 
the  limestones  to  the  metamorphic  rocks  below  are  most  clearly  shown. 
The  strata  have  been  lifted  up  in  mass  at  various  elevations,  and  the  out- 
cropping edges  have  been  smoothly  worn  off,  so  that  the  line  of  separa- 
tion is  unmistakable.  There  is  always  a  want  of  conformity.  The  lime- 
stones sometimes  cap  mountain-peaks  that  are  *full  10,000  feet  high. 
Terrific  chasms  have  been  cut  deep  down  through  the  limestones  into 
the  metamorphic  rocks  in  every  direction  from  1,500  to  2,500  feet  deep. 
j?be  geology  is  as  easily  read  as  in  the  pages  of  an  open  book.  The 
admirable  sketches  of  Mr.  Holmes  cannot  fail  to  make  the  relations  of 
the  strata  clear  to  the  general  reader  as  well  as  the  professional  geolo- 
gist. 

The  valley  of  the  Madison  above  the  Middle  Canon  is  a  marvel  of 
picturesque  beauty.  The  descent  must  be  slight,  for  the  river,  with  the 
branches  which  come  in  on  either  side,  meanders  through  the  grassy 
meadow  with  the  most  remarkably  sinuous  course  I  have  ever  seen. 
The  skillful  landscape-gardener  could  gather  some  useful  hints  in  his 
art  from  this  region.  The  channel  appears  as  though  it  had  been  cut 
out  by  the  hand  of  art,  and  the  little  islands  in  the  channel  are  of  every 
conceivable  form  and  of  great  beauty.  Although  only  a  portion  of  this 
basin  comes  within  the  limits  of  the  park,  yet  this  lower  portion,  with 
such  a  marvellously  beautiful  landscape,  will  ever  remain  one  of  the  won- 
ders of  this  region  in  a  purely  esthetic  point  of  view.  As  a  study  for 
the  artist  I  have  nowhere  seen  any  view  of  the  kind  that  could  compare 
with  it,  and  I  now  call  attention  to  it  as  one  of  the  attractive  points  for 
visitors  at  some  period  in  the  future.  In  the  lower  half  of  the  basin 
there  is  but  little  pine-timber,  and  high  up,  on  both  the  east  and  west 
branches,  which  enter  the  Madison  near  together  at  this  point,  the  sur- 
face is  covered  with  a  luxuriant  growth  of  grass.  I  estimated  that  the 
grass-land  in  the  lower  portion  of  this  basin  exceeded  one  hundred  and 
fifty  square  miles.  The  slopes  from  the  base  of  the  mountains  on  either 
side  down  to  the  river  are  most  admirable  illustrations  of  lawns  on  a 
grand  scale.  The  bottom  ascends  to  the  foot  of  the  mountains  with  a 
very  gentle  slope,  and  the  latter  rise  abruptly  with  almost  inaccessible 
sides.  The  East  Fork  rises  near  Mount  Gallatin  and  receives  a  portion 
of  its  waters,  and  winds  its  sinuous  course  through  the  basin  for  a  dis- 
tance of  twenty  to  twenty-five  miles.  This  fork  seems  to  drain  the 
entire  range  west  of  the  sources  of  the  Gallatin,  about  twenty  or  thirty 
miles  in  length,  and  a  stream  about  150  feet  wide  and  1  foot  in  depth, 
on  an  average,  is  the  result  The  four  branches,  which  we  find  entering 
the  Madison  below  the  Lower  Geyser  Basin,  are  very  handsome  streams 
and  about  the  same  size.  For  several  miles,  before  reaching  the  imme- 
diate entrance  to  the  Middle  Canon,  the  valley  slowly  closes  up,  and  on 
either  hide  some  very  interesting  facts  may  be  read.  On  the  east  side 
Qf  the  Madison  the  limestones  are  remarkably  well  exposed,  but  incline 
at  all  angles.  I  found  it  difficult  to  obtain  any  local  dip  that  would 
apply  over  large  areas.  There  is,  however,  a  system  in  the  aggregate, 
and  I  think  the  general  inclination  is  south  and  southwest  The  lower 
beds  of  limestones  are  very  cherty,  brittle,  and  entirely  destitute  of  fos- 
sils. My  entire  party  searched  diligently  for  a  day  or  two  and  no  trace 
of  life  could  be  found,  but  in  the  upper  limestones  great  quantities  of 
moUusca,  corals,  &c.,  characteristic  of  the  Carboniferous  period,  were 
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obtained.  Thick  beds  of  limestODe  were  entirely  composed  of  an  aggre- 
gate of  these  tbesila.  Most  of  them  were  in  an  excellent  state  of  pres- 
ervation. The  lower  beds  doabtless  belong  to  the  Potsdam  epoch.  It 
18  barely  possible  that  some  other  divisions  of  the  Silurian  occar 
betweeu  the  Potsdam  group  and  the  Carboniferous,  but  as  yet  we  have 
DO  evideoce,  and  until  it  is  discovered  we  will  take  it  for  granted  that 
tlie  Carboniferous  limestones  and  the  Silurian  beds  are  in  apposition, 
and  that  the.y  all  rest  on  the  metamorphic  rocks.  The  limestones  seem 
to  dip  beneath  the  basin  on  the  south  side  of  the  range,  and  as  we 
ascend  the  high  and  almost  vertical  sides  of  the  mountain,  we  pass  ridge 
after  ridge  of  limestone,  each  inclining  at  a  greater  angle,  antil,  on  the 
summit,  they  are  vertical  and  stand  up  in  lofty  massive  walls.  Thus 
expocMHl  for  ages  to  the  elements,  they  have  been  weathered  into  the 
greatest  variety  of  columns  and  other  picturesque  forms.  Between 
these  ridgea  are  beautiful  grassy  valleys,  2,000  and  3,000  feet  above  the 
river,  to  which  the  mountain  sheep  seem  to  delight  to  descend  from  the 
rocky  pinnacles  to  graze. 

Near  the  head  of  the  Gallatin  there  is  a  very  prominent  cone-shaped 

moontaiu^to  which  Captain  Eaynolds  gave  the  name  of  Mount  Gallatin 

twelve  years  ago.    It  is  visible  from  a  great  distance  on  either  side, 

probably  lor  a  radius  of  fifty  miles.    On  each  side  of  this  peak,  and  in 

dose  proximity,  are  two  smaller  peaks  of  nearly  the  same  height.   Mount 

Gallatin  ia  about  10,000  feet  high,  while  the  smaller  peaks  are  about 

9,000  and  9,500  feet.    These  peaks  are  composed  mostly  of  limestones, 

aod  the  intermediate  space  to  the  caiion  of  the  Madison,  a  distance  of 

thirty  miles,  is  occupied  to  a  great  extent  with  these  rocks.    I  have  no 

doabtthat  in  the  divide  between  the  Gallatin  and  the  East  Fork  some  of 

the  more  modern  beds  occur.    Dr.  Peale  found  the  Jurassic  beds  at  one 

locality  on  the  East  Fork  rising  up  from  beneath  the  limestones.    It  is 

probable  that  here  there  has  been  an  inversion  of  the  strata,  as  we  find  to 

ocenr,  in  a  marked  manner,  only  a  few  miles  below.    Basaltic  rocks  are 

foand  to  a  greater  or  less  extent  every  where  among  the  limestones,  some- 

times  at  the  base  of  the  mountains,  and  again  at  the  summits  or  high  up 

on  the  sides.    The  igneous  material  seems  to  have  issued  forth  from  fis- 

sores  whenever  a  favorable  opportunity  presented  itself.    The  gorges 

sre  quite  remarkable.    In  some  places  the  waters  seem  to  have  gouged 

ont,  as  it  were,  a  semicircular  mass,  with  a  vertical  descent  of  1,200  to 

1,500  feet,  and  on  the  sides  the  massive  strata  of  limestone  are  worn 

nito  columns  or  pinnacles,  so  unsteady  in  their  position  that  the  loose 

rocks  may  be  pushed  over  into  the  gorge  below.    The  bottom  of  the 

canoo  isVull  of  d^bris^  and  doubtless  ice  had  much  to  do  in  wearing 

these  very  curious  and  immense  gorges  into  the  mountain-side.    What 

may  be  called  the  secondary  series  of  hills  or  ridges  are  2,000  to  2,500 

ftet  above  the  Madison,  while  the  higher  peaks  rise  3,000  to  3,500  feet, 

sndhere  and  there  a  peak  sends  its  sharp  summit  4,000  feet  or  more. 

The  proofs  of  erosion  ai^  everywhere  on  the  most  gigantic  scale.    The 

eaUon  has  been  worn  out  in  the  same  manner  as  those  on  the  Yellow- 

stoBe,  but  in  the  mean  time  the  narrow  channel  doubtless  became  gorged 

from  time  to  time.    The  basin  which  we  have  attempted  to  describe, 

trhich  is  about  thirty  miles  in  length  and  ten  to  fifteen  in  breadth,  was 

once  a  fresh- water  lake,  but  the  water  slowly  wrought  its  way  through 

thi^  high  range  of  mountains.    Near  the  immediate  entrance  of  tbe 

cafioQ^  on  the  east  side  of  the  river,  there  is  a  short,  high,  terrace  like 

ridge,  about  one-fourth  of  a  mile  long,  250  feet  high  above  the  bed  of  the 

Hver,  paved  ou  the  surface  with  rounded  bowlders,  and,  I  have  no  doubt, 

made  op  of  a  local  drift.    The  upper  end  is  quite  abrupt,  steep,  and  at 
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this  poiut  in  tbe  side  of  the  mountain  there  is  a  small  canon,  from  which 
a  considerable  amount  of  water  mast  flow  at  certain  seasons  of  the 
year,  and  the  matcTials  from  this  canon  may  have  assisted  in  building 
up  the  jridge.  I  have  no  doubt,  however,  that  the  upper  portion  of  the 
canon  has  .been  at  some  period  filled  up  with  loose  bowlders  and  drift 
transported  from  above,  and  when  the  gorge  broke  away,  most  of  it 
was  carried  down  the  river,  but  that  this  portion  wa«  in  some  way  pro- 
tected. The  entire  valley  between  the  mountains  is  lit>erally  paved  with 
rounded  bowlders,  and  there  is  no  doubt  that  this  same  coarse  material 
extends  beneath  to  a  great  depth.  In  the  caiion  itseli*  there  is  a  still 
more  prominent  ridge,  and  the  loose  rocks  on  every  side  are  much  larger 
and  more  abundant.  A  fine  stream  comes  into  the  river  from  the  mount- 
ains on  the  east  side.  This  little  stream  has  cut  a  narrow  gorge  for 
fifteen  miles,  with  walls  on  either  side  2,500  to  3,000  feet  high.  There 
is  an  abrupt  bend  in  the  river  just  above  this  ridge  of  bowlder-drift, 
which  may  account  in  part  for  its  accumulation  at  this  particular  spot. 
The  central  portions  of  this  range  are  mostly  micaceous  gneiss,  some 
parts  very  compact,  fine-grained,  steel-black  in  color.  The  variations 
in  texture  and  color  are  very  great,  as  is  usual  among  the  metamorphic 
rocks.  From  the  summit  of  the  high  ridge  on  the  east  side  of  the  river, 
at  a  height  of  about  9,500  feet,  we  were  able  to  take  in  a  large  scope  of 
country,  and  study  out  the  character  of  these  rugged  mountain-peaks. 
In  this  rdnge,  which  is  a  limited  one,  there  are  a  dozen  peaks  which  will 
reach  9,800  to  10,250  feet,  while  two  of  them  are  about  10,500  feet  The 
rocks  are  all  metamorphic  or  gueissic,  and  remarkably  hard  and  com- 
pact, so  effectually  resisting  the  meteoric  forces  that  the  rocks  to  the 
summits  of  the  highest  peaks  are  as  sharp  and  angular  as  if  only  frac- 
tured within  the  present  season.  These  unworn  angles  give  a  peculiar 
sharp  ruggeduess  to  the  view,  as  the  eye  passes  across  the  summits  of 
the  many  peaks  or  descends  into  the  innumerable  gorges  on  every  side. 
To  the  east,  toward  the  valley  of  the  Gallatin,  the  strata  of  limestone 
may  be  most  clearly  seen  where  they  have  been  cut  down  in  the  gorges, 
jet  holding  a  great  variety  of  positions.  Sometimes  they  dip  down 
suddenly  in  the  valley  and  pass  out  of  sight,  then  again  they  are  ele- 
vated bodily  to  the  summit  of  a  high  peak,  resting  on  the  metamorphic 
rocks.  On  the  west  side  of  the  Madison  there  are  three  or  four  peaks 
which  are  at  least  10,000  feet  high.  Among  these  mountain-gorges  we 
see  the  sources  of  the  myriad  small  branches  which,  in  the  aggregate, 
form  the  large  river.  Nestled  among  the  craggy  cliflfe  are  here  and 
there  little  ponds  of  clear  water,  derived  from  the  melting  of  the  snows, 
seldou)  ever  seen  except  by  the  birds  and  the  game  that  visit  them  to 
quench  their  thirst.  The  tendency  of  all  these  gorges  is  to  work  their  way 
inward  toward  the  divide.  Great  masses  of  snow  and  ice  accumulate 
in  them  during  the  winter,  and  the  water,  flowing  down  among  the  frac- 
tured masses,  freeze-,  and  expands  with  a  force  that  year  by  year  tears 
down  a  portion^  that  falls  into  the  depths  below  and  is  swept  down  by 
the  torrent.  The  aggregate  of  the  forces  which  have  continued  in 
operation  through  a  series  of  ages,  which  no  man  can  determine  now, 
and  which  we  agree  to  denominate  meteoric  or  atmospheric,  are  the 
combined  action  of  water,  air,  and  ice.  These  forces  have  undoubtedly 
been  far  more  effective  in  ages  past  than  at  present.  In  one  of  the 
gorges  which  lead  down  to  the  river  in  the  canon,  we  discovered  a 
complete  inversion  of  the  strata,  and  this  con<lition  of  things  was 
found  afterward  to  prevail  to  a  large  extent  in  these  mountain-ranges. 
I  would  refer  the  reader  to  Dr.  Peale's  report,  and  also  to  the  descrip- 
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tioQ  of  the  Gallatin  range  in  a  subseqaent  chapter,  where  other  exam- 
ples of  inversion  of  strata  will  be  noticed. 

Aboat  ten  miles  northwest  of  Lake  Henry,  below  the  Middle  Canon,  a 
small  stream,  which  has  its  origin  in  the  Raynold's  Pass,  flows  into  Cliff 
or  V^ade's  Lake.  The  little  stream  has  cut  a  singular  gorge  through  the 
trachyte-rocks,  with  vertical  walls  400  to  GOO  feet  high,  runs  southwest 
about  two  miles,  tarns  abruptly  south  around  a  point  of  trachyte  GOO  feet 
high,  and  continues  nearly  west.  This  lake,  which  has  not  been  noticed 
on  auy  of  the  existing  maps,  is  said  to  have  no  outlet.  It  seems  to  be 
formed  in  a  huge  fissure  in  the  volcanic  rocks,  and  is  surrounded  by 
lofty  nearly  vertical  walls. 

This  lake  was  carefully  explored  by  Mr.  Bechl^r,  and  the  beautiful 
map  of  it,  accompanying  this  report,  was  prepared  by  him.  He  says 
that  it  has  three  small  streams  flowing  into  it,  but  has  no  visible  outlet, 
hat  the  surplus  water  probably  passes  under  the  basiiltic  cap.  The  sides 
of  the  lake  are  so  steep  and  high  that  it  is  not  possible  to  travel  near 
the  shore,  but  Mr.  Bechler  ascended  the  high  cliffs  overhanging  the  lake 
and  obtained  a  beautiful  view  of  the  surrounding  scenery.  The  high 
hasaltic  cli&  that  inclose  it  suggested  the  name  of  Cliff'  Lake.  Near 
the  middle  of  the  lake,  there  is  a  small,  conical  island,  about  150  feet  in 
diameter,  but  rising  100  feet  or  more,  covered  with  tall,  straight  pines. 
There  were  several  smaller  lakes  in  the  vicinity,  all  of  them  apparently 
formed  in  these  basaltic  fissures,  and  without  any  visible  outlet. 

The  valley  below  the  Middle  Canon  gradually  expands  until  it 
becomes  six  to  ten  miles  in  v?idtb.  At  the  upper  end  of  the  valley  the 
terraces  do  not  show  as  well  as  below,  but  in  no  other  portion  of  the 
West  ha\e  I  seen  so  uniform  and  so  beautiful  a  series  of  terraces  as  in 
this  basin.  I  point  this  out  here  to  the  reader,  who  may  ever  chance  to 
visit  the  coantry,  as  one  of  the  wonders  of  this  remarkable  region.  At 
the  apper  end  of  the  basin  the  terraces  are  quite  well  defined  and  show 
a  most  extensive  deposit  of  loose  material  at  the  bottom  of  the  lake. 
The  surface  of  the  entire  valley  is  covered  with  bowlders  of  greater  or 
less  size,  many  of  them  huge  massive  granite.  On  both  sides  of  the 
river  are  caps  of  basalt  covering  and  protecting  from  erosion  the  under- 
lying lake  deposits.  From  these  basalt-capped  hills  or  terraces  I  infer 
that  the  modern  lake-deposits  must  have  originally  been  from  500  to  800 
feet  thick,  i)erhaps  much  more.  The  river  has  cut  its  way  through  this 
deposit,  forming  in  some  instances  a  narrow  gorge  with  the  basaltic 
cap  on  either  side  like  a  high  terrace,  while  the  foot  of  tbe  mountain^ 
CD  both  sides  is  distant  from  half  a  mile  to  one  mile.  We  ciin  thus 
understand  pretty  clearly  what  must  have  been  the  thickness  of  these 
lake-deposits  immediately  after  the  outflow  of  the  igneous  matter.  As 
we  pass  down  the  river  all  this  basaltic  floor  has  remained,  and  the 
entire  surface  of  tbe  valley,  from  side  to  side,  smoothed  like  a  lawn. 
Whether  there  wasone  period  or  several  of  outflow  of  basalt  I  cannot  state 
positively.  In  tbe  vertical  sidesof  the  river-channel  the  basalt  may  beseen 
atdiflerent  elevations,  but  nocontinnouslayers,  and,  therefore,  it  may  have 
fallen  down  from  the  summit ;  yet  I  suspect  there  were  several  periods 
of  outflow.  In  many  localities  the  basalt  is  exposed  in  the  form  of  a 
high  vertical  wall  with  a  partial  columnar  appearance.  It  also  varies, 
in  color  as  well  as  in  texture,  from  a  very  dark-brown  to  a  purplish-drab. 
All  the  lake-deposits,  as  well  as  the  igneous  rocks,  lie  in  horizontal  po- 
sition, and,  so  far  as  can  be  observed,  have  not  been  affected  by  any 
subsequent  movements.  We  may,  therefore,  infer  that  the  forces  which 
raised  the  surrounding  mountains  to'  their  present  position,  and  tilted 
the  strata,  operated  prior  to  the  existence  of  these  fresh- water  lakes. 
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There  may  liave  been  periods  of  elevation  and  subsidence  since  tbe  ex- 
istence of  the  Utiles ;  if  so,  the  disturbaDce  bas  never  been  great     In 
some  cases,  where  the  river 
either  in  ancient  or  modero 
times,  has  washed  the  foot 
of  the  mountains,  the  old 
.     trachytes    have  been  re- 
j     moved,  exposing  tbe  gran- 
*     itea  at  the  base. 

This  basin  is  about  fifty 
miles  iu  length,  with  an 
^     jH'erage  of  five   inites  in 
»     width.     Tbe  lower  thirty 
"     miles    present  the    most 
■^  reraarltable  system  of  ter- 
-E  racesthatlbaveeverseeD. 
I  There  are  usually  three  of 
<g  the  terraces  on  either  side 
■s  oftbe  Madison,  and  locally 
S  they  may  be  increased  to 
S  six  or  eight.     The  great 
^  S  feature  in  regard  to  them 
"  S  is   their   persistency   and 
^  uniformity,    each    terrace 
^  being  at  the  same  eleva- 
Gi  ttOQ  as  the  corresponding 
S  one  on  both  sides.    This  is 
8  quite  unusaal.    Generally, 
•S  I  the  terraces  will  he  well 

^  I  displayed  on  one  side  of  a 

E  -  stream  and  scarcely  seen 

,■  on  the  opposite  side ;  and, 
S  if  they  are  shown  on  both 
S  sides,  there  is  not  neces- 
'  Siirily  the  same  elevation 
=  to  corresponding  terraces. 
.  g  The  lake  ninst  have  been 
'^  i  drained  through  theLower 
"  i  Cation  very  slowly.     The 
^_  general  elevation  of  these 
3  terraces  may  he  estimated, 
J  above  the  bed  of  the  river, 
S  about   as   follows:    First 
terrace,   10   feet ;   sec<Tnd 
terrace,  30  feet ;  third  ter- 
race,   100    feet.      Messrs. 
Gannett  and  Brown  made 
quite  an  extensive  series 
of  observations  with   the 
barometer,  and  the  results 
will  be  given  in  a  subse- 
quent portion  of  this  re- 
port.   These  terraces  are 
well  shown  in  Fig.  16. 

An  interesting   feature 
may  be  observed  in  this 
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basiD  in  tbe  character  of  the  bowlder-deposits.  At  the  upper  end  of  the 
basio  the  entire  surface  is  paved  with  roauded  masses  of  granite  and 
hasalt,  somejof  great  size;  bat  as  we  descend  they  become  smaller  in  size 
and  less  abundant,  so  that  the  lower  portion  of  the  basin  reveals  a  con- 
siderable thickness  of  the  light-gray  marls  and  sands,  which  give  evi- 
dence of  having  been  deposited  ih  corfiparatively  quiet  waters.  So  thick 
are  the  bowlders  over  the  upper  half  of  the  basin  that  it  can  never  be 
used  except  for  grazing-purposes,  while  the  lower  half  is  already  occu- 
pied with  fine  farms.  The  rush  of  the  waters  through  the  Middle  Canon 
most  always  have  been  very  great,  but  their  force  almost  entirely  sub- 
sided before  reaching  the  Lower  Canon. 

Between  the  Madison  Valley  and  that  of  Passamari  Creek  there  is  a 
long  somewhat  irregular  range  of  mountains,  the  geology  of  which  I  can 
jffesent  in  this  report  only  in  general  terms.    Although  the  structure  is 
comparatively  simple,  it  would  require  long  and  faithful  labor  to  work 
oat  all  the  details.    The  general  elevation  is  not  great,  7,000  to  8,000 
feet,  and  only  two  or  three  peaks  rise  up  so  as  to  be  prominent.  Pyroxene 
Peak  and  Old  Baldy.    As  usual,  the  nucleus  is  composed  of  the  various 
kinds  of  metamorphic  strata,  with  effusions  of  igneous  rocks,  while  the 
unchanged  sedimentary  strata,  mostly  the  Paleozoic,  are  observed  at 
all  elevations  resting  on  the  granites.    The  evidences  of  erosion  are 
more  striking  in  this  range  than  in  the  mountains  between  the  Madison 
and  the  Gallatin,  probably  because  their  general  elevation  is  at  least 
1,500  to  2,000  feet  lower,  and  they  were  much  longer  exposed  to  the 
vasting  influences  of  the  aqueous  forces.    Deep  canons  are  worn  into 
the  mountains  on  either  side,  and  the  numbers  of  old  dry  ravines  or 
gorges  are  aloiost  countless.    Prior  to  the  effusion  of  the  igneous  rocks 
tbe  greater  part  of  the  erosion  took  place,  though  comparatively  little  had 
been  done  to  produce  the  present  configuration.    The  skeleton  or  frame- 
work was  formed  of  the  metamorphic  rocks  with  the  remnants  of  the 
Silorian  and  Carboniferous  strata  that  were  left  after  the  vast  work  of 
erosion,  which  occurred  prior  to  the  outflow  of  the  igneous  rocks.    In 
sabsequent  erosions  the  latter  have  protected  the  sedimentary  beds  over 
a  great  area,  so  that  they  are  exposed  in  little  patches  everywhere,  some- 
times on  the  summits  of  the  mountains  or  at  all  elevations  in  the  ravines 
or  canons.     Sometimes  the  igneous  rocks  have  been  worn  away  from 
tbe  snrface  for  a  considerable  area,  leaving  a  greater  or  less  thickness 
of  the  limestones.    In  some  localities  they  present  a  great  vertical 
tbiekness  and  then  again  thin  out  or  disappear  entjirely.    There  is  an 
interesting  but  obscure  feature  which  is  shown  in  the  mountains  on 
both  sides  of  the  Madison.    There  is,  in  restricted  localities,  an  enorm- 
ous development  of  a  very  hard  gray  quartzitic  sandstone,  apparently 
partially  metamorphosed.    It  evidently  forms  the  underlying  rocks  of 
the-sedimentary  strata,  resting  on  the  strictly  metamorphic  gneiss.  The 
various  members  of  the  survey  have  examined  it  most  carefully,  but 
have  never  been  able  to  find  any  trace  of  organic  life,  yet  it  undoubtedly 
belongs  to  the  oldest  Silurian.    It  makes  its  appearance  quite  abruptly, 
▼ith  a  thickness  of  1,000  to  2,000  feet,  and  as  abruptly  disappears  or 
tbins  out.    It  is  well  shown  in  the  Middle  Caiion  of  the  Madison  and  in 
the  lower  part  of  the  canon  of  the  Gallatin,  and  is  thinly  represented  in 
several  ether  localities.    We  may  say  of  all  these  different  groups  of 
strata  that  they  appear  at  times  in  grand  proportions,  and  are  soon  lost 
vt  are  only  thinly  shown.    Along  the  east  side  of  the  Gallatin  River, 
above  the  Three  Forks,  at  least  1,600  feet  of  shales,  clays,  sandstones, 
&c.,  which  belong  undoubtedly  to  the  Potsdam  group  of  the  Lower 
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SiliiriaJi,  are  clearly  shown,  and  yet,  at  a  distance  of  thirty  'miles  to  tli€ 
northward,  this  entire  group  seems  to  be  wanting. 

In  the  report  of  the  survey  of  last  season  I  described  the  country 
about  Virginia  City  in  brief  terms,  and  but  little  more  can  be  addetj 
from  the  examinations  of  the  present  season.  ^Ider  Gulch  is  well  knows 
to  the  mining  world  as  one  of  the  richest  placers  in  the  West.  It  14 
estimated  that  about  thirty  millions  of  gold  have  been  taken  out  of  it. 
Tlie  bowlder-drift  is  a  marked  feature  in  the  gulch.  Upon  the  sides  of 
the  hills  patches  of  black  basalt  may  be  seen  in  considerable  numbers, 
indicating  the  very  latest  period  of  eruption.  The  older  trachytes  alaa 
occur  on  both  sides  of  the  gulch,  which  have  been  erupted  at  difiereuk 
periods  and  have  overflowed  the  gneissicrocks.  None  of  the  igneous  rock« 
observed  by  me,  however,  were  old  in  a  geological  sense;  none  that  date 
back  further  than  the  Pliocene  epoch.  A  more  careful  scrutiny  of  the 
rocks  might  have  resulted  in  detecting  igneous  rocks  of  different  geolog- 
ical ages,  but  very  few  seem  to  date  back  beyond  the  Pliocene.  It  is 
not  uncommon  to  find  the  basalts  interstratifled  with  Cretaceous  and 
Tertiary  beds,  but  I  do  not  think  it  follows  that  the  eruption  took  place 
during  these  periods.  In  the  high  bluff  opposite  the  Mammoth  Hot 
Springs,  on  Gardiner's  Eiver,  thick  beds  of  basalt  are  exposed  in  the 
upper  portion  of  the  bluff  of  irregular  extent.  On  the  summit  is  a  very 
thick  bed  lying  across  the  upturned  edges  of  the  strata,  and  the  line  of 
contact  is  quite  red,  showing  the  influence  of  the  melted  lava  on  t^e 
sedimentary  strata  immediately  beneath.  I  am  disposed  to  believe  these, 
short  intercalated  beds  of  basalt  may  have  been  of  very  modern  origin. 

At  the  head  of  Alder  Gulch  there  is  a  high  wall  of  limestone  of  which 
Old  Baldy  is  the  highest  point.  The  aggregate  dip  seems  to  be  about 
southeast  30^  to  45^.  The  exposure  is  a  fine  one,  with  1,200  to  1,500 
feet  of  vertical  strata.  The  lower  portions  of  the  sedimentary  beds  are 
quartzose,  sometimes  pebbly,  very  hard,  compact,  gradually  passing  up 
into  limestones,  which  are  also  very  hard  and  splintery,  destitute  of  fos- 
sils. But  in  the  upper  portion  of  both  sides  of  Old  Baldy  the  char- 
acteristic Carboniferous  fossils  are  very  abundant.  Thick  beds  of  lime- 
stones are  a  simple  aggregate  of  well-preserved  fossils,  and  among  these 
some  very  interesting  crinoids.  For  a  list  of  the  fossils  from  this  local- 
ity the  reader  is  referred  to  the  catalogue  of  Mr.  Meek.  The  high  ridge 
or  mountain-range  of  limestones,  of  which  Old  Baldy  forms  a  part,  trends 
off'  to  the  southwest,  across  the  head  of  the  Passamari,  Black-Tail  Deer, 
and  Bed  Bock  Creeks,  to  an  unknown  distance.  These  huge  ridges, 
which  extend  in  such  long  lines  across  the  Northwest,  are  undoubtedly 
portions  of  grand  anticlinals.  It  will  prove  a  great  source  of  pleasure 
at  some  future  time  to  trace  these  great  axes  of  elevation  across  the 
country  and  aggregate  them  into  a  symmetrical  gioup.  Until  this  is 
done  it  will  hardly  be  possible  for  us  to  comprehend  the  correct  topo- 
graphy or  geology  of  this  region. 

We  will  return  to  the  Madison  Valley.  That  the  period  of  the 
eruption  of  the  igneous  rocks  began  before  the  mountain-ranges  had 
reached  their  present  height  and  form  is  shown  by  the  posifion 
of  some  of  the  ridges  of  trachyte  that  extend  down  the  sides  of  the 
mountains  into  the  valley  on  the  west  side  of  the  Madison.  The  ridges 
of  trachyte  have  been  so  eroded  that  the  bluff-sides  present  a  stratified 
appearance  and  the  inclination  is  5^  to  10^,  the  beds  passing  from  near 
the  summit  of  the  divide?  down  beneath  the  superficial  or  lake  deposits  of 
the  basin.  As  we  descend  the  Madison  the  range  of  mountains  on  the 
west  side  is  more  purely  metamorphic,  few  of  the  igneous  ix>cks  being 
observed,  and  no  sedimentary  at  all.    This  continues  nearly  to  the  Jeff- 
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ers50Ti  Fork,  where  the  South  Bowlder  Range  is  cut  off  by  a  narrow 
svucliual  which  forms  the  valley  of  the  Jefferson.  The  limestones  incline 
awray  from  the  north  end  of  the  South  Bowlder  Range,  but  the  greater 
portion,  including  all  the  lofty  peaks,  is  composed  of  granitic  rocks. 

TIm?  divide  which  separates  the  basin  which  we  have  just  described 

from  the  lower  basin  about  the  Three  Forks  is  composed  almost  entirely 

of  metamorphic  strata.    Here  and  there  we  observe  an  outflow  of  igue- 

oas  matter,  but  very  seldom.    In  the  ravines  and  depressions,  as  it  were 

filling;  up  the  inequalities  of  the  surface  of  the  metamorphic  rocks,  are 

the  lake-deposits,  which  show  so  clearly  that  at  a  modern  period  the 

Madison  Basin  was  connected  by  water  with  the  entire  valley  of  tlie 

Three  Forks,  even  far  below  their  junction.    As  the  waters  subsided  so 

a^  to  expose  this  granite-divide,  they  gravitated  toward  that  portion  of 

the  basin  where  they  now  flow  through  the  granite-canon.    What  caused 

the  waters  to  wear  out  the  present  channel  is  not  obvious  at  this  time. 

The  ridge  or  divide  may  have  been  lower  at  that  point  or  there  may 

have  been  a  slight  Assure  which  determined  its  choice. 

In  following  np  the  channels  of  some  of  the  little  streams  that  flow 
oat  of  the  mountains  on  the  east  side  of  the  Ma<lison,  Dr.  Peale  and  Mr. 
Holmes  found  that  the  strata  were  inverted.  In  the  canon  of  Jackass 
Creek  all  the  beds,  from  the  lowest  Silurian  to  the  Tertiary  iqclusive, 
were  inverted  so  that  the  youngest  Tertiary  beds  were  at  the  bottom  in 
order  of  superposition.  For  a  more  complete  account  of  the  geology  of 
this  region,  as  well  as  the  Cherry  Creek  mines,  the  reader  is  referred  to 
the  report  of  Dr.  Peale. 


CHAPTER  lY. 

MADISON  VALLEY— THREE  FORKS— GALLATIN  VALLEY 
AND  CASON  TO  SOURCE  OF  KIYER— FROM  TflREE  FORKS 
TO  HELENA. 

Just  below  the  mouth  of  Elk  Creek,  the  Madison  Valley  expands 

into  an  open  basin  with  high,  rather  rounded  hills  of  the  lake-deposits 

ou  the  east  side  about  ten  miles  distant  from  the  rim,  while  on  the 

ve«t  side  are  bluff-lands,  cut  by  the  river,  exposing  the  strata  clearly 

and  showing  their  horizontal  position.    In  none  of  the  upi)er  basins  are 

the  lake-deposits  as  well  exposed,  and  the  character  of  the  sediments 

shows  that  they  were  deposited  in  comparatively  quiet  waters.    The 

long  point  or  tongue  which  extends  down  to  the  junction  of  the  Forks,. 

between  the  Madison  and  the  Gallatin,  is  composed  of  these  deposits^. 

and  in  the  ravineis,  which  in  some  places  cut  deep  into  the  ridge,.larg6 

masses  of  very  beautiful  silicified  wood  are  found.    I  have  no  doubt 

tliat  bones  might  be  found  by  diligent  search ;  for  in  the  Jefferson 

Valley,  in  the  same  kind  of  deposits,  I  discovered  the  teeth  and  jaws  of 

an  Anchitberinm,  and  a  species  of  Helix.    Of  course  these  basins  were 

idl  connected  at  one  time  far  up  the  valley  of  the  Jefferson  as  well  as 

the  Gallatin,  but  during  the  gradual  period  of  subsidence  became  dis- 

eoDoected  and  ended  in  quite  distinct  lake-basins.    The  Sonth  Bowlder 

Baoge  formed  a  shore-line  on  the  west  side.    The  waters  must  have 

rcAclied  so  high  np  on  the  sides  that  little  more  than  the  summits  of 

tke  peaks  were  above  the  surface  and  therefore  most  of  the  ranges  were 

tlieo  represented  only  by  small  islands.    The  Madison  and  the  Gallatin 

iiaoges  on  tlie  east  were  also  shore-lines,  but  became  more  conspicuous 

as  tbe  waters  diminished ;  and  while  thin  patches  of  the  peculiar  lake- 

5a  & 
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deposits  are  found  high  up  on  the  mountain-sides,  showing  that  at  a 
very  modern  date  the  valleys  of  most  of  the  streams  mast  have  been 
connected  through  the  low  passes,  yet  the  principal  sediments  are  in 
the  lower  basins.  Indeed,  I  could  imagine  that  the  entire  Northwest 
(and  how  much  more  of  the  country  I  cannot  now  positively  deter- 
mine) presented  much  the  appearance  of  the  basin  of  Great  Salt  Lake, 
with  the  numerous  mountain-ranges  rising  above  the  waters.  Now,  if 
we  can  imagine  the  entire  area  of  the  great  basin  between  the  Wah- 
satch  Mountains  and  the  Sierra  Nevada  covered  with  water  to  a  .height 
which  it  must  have  reached  at  a  comparatively  modem  geological 
period,  the  vast  number  of  mountain-ranges  of  greater  or  less  size 
which  now  exist  within  these  limits  would  represent  so  many  rocky 
islands  in  this  vast  inland  sea.  Here  and  there  in  the  valleys  of  the 
Madison,  as  well  as  the  Gallatin,  the  older  rocks  are  exposed  beneath 
the  lake-deposits,  even  where  the  latter  prevail.  We  can  trace  out  with 
more  detail  the  skeleton  of  the  surface  prior  to  the  laying  down  of  the 
lake-deposits.  In  the  lower  valleys  it  is  quite  rare  to  find  rocks  more 
modern  than  the  Carboniferous,  but  the  limestones  and  granites  crop 
out  oftentimes  in  the  most  unexpected  places.  The  stripping  away  of 
the  lake-deposits  from  the  metamorphic  rocks  in  the  range  through 
which  the  Lower  Canon  is  formed  has  exposed  a  moderately  rich  min- 
ing district.  There  are  a  number  of  mines  which  are  wrought  with 
success  at  this  time,  and  on  the  whole  the  mining  prospects  of  all  thrs 
region  are  becoming  better  every  year.  The  excellent  reports  of  Mr, 
E.  W.  Raymond,  Commissioner  of  Mining  Statistics,  are  so  full  iu 
regard  te  the  mines  of  Montana  that  I  shall  at  present  touch  this^snb- 
ject  very  briefly. 

It  is  my  intention  to  study  all  the  mining  districts  of  Montana  at 
some  future  period  with  special  reference  to  their  geological  rela- 
tions, carefully  mapping  the  lodes,  and  endeavoring  te  study  out  if 
posi^ible  their '  natural  history.  I  believe,  that  Montana  is  rich  in 
valuable  mines,  and  that,  when  railroad  communication  has  been  estab- 
lished between  it  and  the  world  at  large,  an  impulse  will  be  given  to  the 
-mining  interests  of  the  Territory  that  will  satisfy  the  most  sanguine. 
It  behooves  the  enterprising  citizens  not  to  let  the  subject  of  railroad- 
communication  rest  from  this  time  until  it  becomes  an  accomplished  fact. 
The  world  will  then  begin  to  appreciate  the  resources  of  the  Territory, 
which,  so  far  as  I  haveexamined  it,  surpassesany  of  the  others  in  the  West. 
The  Cherry  Creek  Mines  occur  in  what  has  been  called  the  Madison 
range.  The  reader  is  referred  to  the  report  of  Dr.  Peale  for  such  informa- 
tion as  he  has  been  able  to  secure  in  a  brief  visit  to  them.  This  mining- 
belt  passes  across  the  Madison  by  way  of  the  Lower  Caiion,  and  extends 
to  the  South  Bowlder  Mountains.  Hundreds  of  lodes  have  been  openeil, 
many  of  them  worthless ;  but  many  others  would  doubtless  prove  vain- 
able  if  transportation  and  labor  were  not  so  costly  and  difficult  to  obtain  in 
the  country.  The  lodes  are  all  found  in  the  metamorphic  strata,  the  age 
of  which  it  would  be  difficult  to  decide.  We  only  know  that  they  form 
a  vast  thickness  of  stratified  rocks  with  varied  texture  and  composition. 
They  seem  here  to  have  been  subjected  to  considerable  erosion  after  the 
'limestones  were  washed  away.  These  metamorphic  strata  underlie  the 
•entire  country  and  appear  everywhere  where  the  unchanged  beds  have 
been  worn  away  or  when  not  concealed  by  the  outflow  of  igneons 
matter.  The  work  of  reducing  these  metamorphic  strata  to  a  system, 
and  connecting  them  over  extended  areas,  has  not  yet  been  attempted, 
and  it  seems  to  me  an  almost  hopeless  as  well  as  fruitless  task.  It  will 
be  enough  for  the  present  generation,  perhaps,  if  we  are  enabled  to  work 
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oat  pretty  clearly  the  story  of  the  ftediinentary  formations  of  the  West. 
AloDg  the  valley  of  tbe  Madiaoa  belotv  the  mouth  of  Cherry  Creek, 
there  is  a  remarkable  exhibittoQ  of  the  gneissic  beds.  For  several 
miles  the  strata  are  exposed  so  that  the  succession  ts  perfectly  clear  for 
tbouaands  of  feet  in  thickness.  All  tbe  varieties  of  composition  and  the 
diriLures  in  the  bedding  peculiar  to  miuing-rocks  are  seen  iu  perfection. 
Voids  of  feldspar  and  quartz  extend  across  the  bedding  a  foot  or  more 
iu  (bickDess.  evidently  segregated  in  fissures  like  the  mineral  matter  in 
A  liMle.  Masses  of  a  very  compact  block  hornblundic  gneiss,  4  to  C  teet 
thick,  and  8  to  10  feet  long,  lie  between  the  strata  as  if  they  were  old 
lutrasions    of    tnip.     I  pj^ 

bave  never  seen  a  bet- 
t^  <^portunity  for  a 
detailed  Study  of  the 
gneissiu  rocks,  for  they 
are  shown  here  iu  high 
vertical  walls  for  sis 
miles,  inclining  in  the 
same  direction  ^(P  to 
M°.  The  beautiful  cx- 
amitlesofbaniledgneiSB, 
as  shown  in  Fig.  17,  are 
not  uncommon,  and  ex- 
cite much  attention.  I 
have  used  the  term  ' 
gneiss  iu    its   broadest 

sense,  to  signify  granitic  iabdbd  ckkiss 

rock  composed  of  quartz,  feldspar,  and  mica,  arranged  in  well-de- 
fined stmta,  usually  thin,  but  sometimes  reaching  a  thickness  of  several 
feet.  All  the  different  forms  which  the  metamorphic  rocks  Kssume  are 
Doted  in  the  catalogue  of  Dr.  Peale,  appended  to  his  report  of  this  and  last 
year.  Jn  my  report  of  last  year  I  described  quite  minutely  the  basin 
of  the  Three  Forks.  I  then  stated  that  the  immediate  valleys  of  the 
streams  near  the  junction  had  been  carved  out  of  the  lake- deposit  8,  and 
on  either  side  of  the  Madison  Valley,  on  tbe  east  side  of  tbe  Jefferson, 
and  tbe  west  side  of  tbe  Gallatin,  the  blufTs  exposed  flue  sections  of 
these  modern  beils.  From  the  courses  of  these  great  streams  the  source 
of  the  waters  during  the  lake-period  might  be  read  from  the  character 
of  the  sediments.  We  find  that  ^hey  must  have  msbed  with  great 
force  along  the  valleys  from  the  sources,  alter  the  impetus  was  gained 
through  the  Cpper  Canon,  then  through  the  Middle  Canon,  and  begiii- 
DiBg  to  lose  a  portion  of  this  force  and  moving  along  more  quietly  just 
before  entering  the  Lower  Canon,  and  when  reaching  the  basin  of  the 
Three  Forks,  the  water  must  have  been  as  quiet  as  in  ordinary  Iresb- 
«ater  lakes  of  the  present  day.  The  indications  of  swift  carrents  are 
not  seen  aboQt  the  immediate  sources  of  these  streams,  so  that  the  sedi- 
ments of  the  geyser-basins  are  comparatively  fine,  indicating  moder- 
atdy  qniet  waters.  All  the  other  rivers  tell  pretty  much  the  same 
story.  These  setliments,  made  up  as  they  are  of  the  difierent  kinds  of 
rucks  iu  the  vicinity,  are  much  mixed  in  their  character.  They  are  a 
mixture  of  clay,  saud,  and  uiarl,  iu  varied  proportion.  Sometimes  thin 
indurated  layers  of  clay  will  include  several  feet,  then  sand  wilt  pre- 
ilomitiate  or  sandstones  in  thin  beds,  or  sort  of  indurated  yellow  or 
cream-eolored  marl,  and  then,  perhaps,  a  bed  of  loose  gravel  or  pnd- 
lUag'Stooe.  There  is  a  remarkable  uniformity  in  the  color  and  char- 
acter of  these  sediments  all  over  the  West,  from  oar  north  line  to 
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?ilosico.  I  have  estimated  tlie  aggregate  thickness  of  these  deposits 
ill  this  lower  biisin  at  the  present  time  at  about  1,200  feet.  Occupying 
tbt!'  area  that  they  do,  we  can  thus  see  that  tbey  possess  an  importance 
which  demands  the  notice  of  the  geologist.  Between  the  junction  of 
the  Madison  with  the  Jefferson  and  the  month  of  the  Gallatiu,  a  dis- 
tance of  about  half  a  mile,  there  is  oD  the  south  side  a  reniuaut  of  a 
limestone- ridge  cut  off  by  the  Gallatin  from  the  main  mass  below,  50  to 
100  feet  high,  and  trending  about  northeast  and  southwest.  This  is  a 
Romewliat  peculiar  remnant,  but  it  aids  much  in  recon  struct  in  g  the 
former  surface  of  the  country  prior  to  the  great  erosion.  The  Missouri 
liiver,  immediately  below  the  entrance  of  the  Gallatin,  passes  through 
a  sort  of  lilt  in  the  upturned  ridge,  the  strata  on  either  side  inclining 
in  the  same  direction.  How^in  the  changing  of  the  channel  of  the 
river,  this  remnant  was  left,  is  not  clear  at  this  time. .  There  are  a  num- 
ber of  other  remnants  of  the  limestone  scattered  through  the  basin, 
which  shows  that  it  was'  originally  scooped  out  of  tire  series  of  ridges 
which  probably  sent  their  sharp  summits  up  a  thousand  leet  or  more 
above  the  general  level.  All  the  limestones  immediately  abont  the 
junction  of  the  Three  Porks  arc  of  Carhoniierous  age,  as  the  fossils 

testifv.      But   above 
*^-  '"•  and  below,  the  Silu- 

rian strata  are  re- 
markably well  ex- 
l>08ed.  Below  the 
Three  Forks  the 
structure,  though 
simple  in  general 
terms  as  above,  is 
very  much  compli- 
cated by  the  chaotic 
condition  in  which 
the  strata  have  been 
left  after  upheaval. 
There  are  a  number 
of  local  synclinals  as 
.   well    as    anticlinals, 

ibut  to  work  them  out 
iu  as  great  detail  as 
I  desired  would  re- 
<^uire  moro  time  than 
mm  ON  THE  iiKuiiiKi.  we  had  at  c^r  dis- 

iiuu  of  iiikr-nnitiT  i>oiow  posal.    The  Missouri 
^rfniai'i^  ™«fDo;  D,  Eiver,  below  the  jiinc- 
asfl  .  ^j^^    ^^    j.j^^    Three 

Forks,  flows  along  a  sort  of  rifl  in  the  ridges  of  limestone,  though  on 
the  west  side  these  ridges  are  worn  across,  so  that  the  waters  followed 
the  intervening  valley  but  a  short  distance. 

On  the  east  side  the  waters  run  close  up  by  high  limestone- walls  for 
abont  one-fourth  of  a  mile,  and  then  the  valley  expands  a  few  hun- 
dred yards  iu  width  for  about  three  miles  and  then  closes  again  for 
a  short  distance,  a  mile  or  so,  and  then  agaiu  expands  to  a  width 
of  three  to  Ave  miles.  These  valleys  are  evidently  worn  out  of  the 
group  of  uplifted  ridges,  as  is  shown  by  the  remnants  here  and  there  in 
the  valley  and  iu  the  bed  of  the  river.  On  the  east  side,  immediately 
below  the  entrance  of  the  Gallatiu,  tlie  river  has  worn  a  well-delined 
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terrace  in  tlie  limestone  for  a  balf  a  mile  below,  formiDg  a  sort  of  contin- 
n.itioo  of  tlie  isolated  low  ridge  in  the  bottom  just  above  the  Gallatin.    In 
tlie  second  e?cpanstoii  of  the  valley 
there  is  a  broad  bottom  aboot  two        . 
ciiles  wide.     Ou  the  east  aide  of 
tlif  valli'j-  are  quite  thick  depos- 
its of  the  Lake  period  cut  np  into 
ridges,  which  are  weathered  iuto 
arcliitecturnl  forms  like  what  we 
have  usually  termed  iu  the  West, 
'•bad  lauds,"    The  lower  portiou 
of  these  deposits  is  a  kind  oT  eal- 
(;areous  shale,  passiug  by  degrees 
iuto  an  iudurated  saudt^tOQe  capped 
by  a  large  thickness  of  eouglom- 
crate.     This  is  made  up  to  a  greaf 
extent  of  rounded  masses  of  liuie-   a 
stone  loosely  held  together  by  a   g 
sand   cement   or  with   a  whitish   a    " 
marly  ptiste.     In   many  localities  'i   g 
iu   these  degmsits  there  are  dikes   a   | 
of  basalt  which  seem  to  have  been    i   s 
formed  daring  the  existence  of  the   I    Z 
lake,  and  that  the  basalt  had  been   E   Z 
exi>o6ed  by  the  wearing  out  of  the   |   I 
ravines  which  have  b^n  cot  into   ?    ' 
these  modern  deposits  at  a  very  '„    5 
modem  date.    (Fig,  18.)    For  miles  -^   g 

along    the    high    mountains   that   ^   ^  ^■ 

bonier  the  river,  hundreds  of  deep   i-   5 

cuiions  or  gullies,  from  three  to  six   is  £ 

miles  long,  are  carved  deep  into  |  ^ 
the  sides.  The  modem  beds  are  --  » 
nearly  or  quite  horizontal,  with  no  ^  s 
evidence  of  disturbance  since  their  g  * 
degtosition,  aud  they  lap  on  to  the  i"  ^ 
much-tilted    strata    of    the  older   f 


rocks.     There  are  here,  as  near  as   | 
I  can  estimate,  about  2,000  feet  of  %   : 


more  or  less  metamorphosed  slates,   f 

days,andqnaitzitesof  all  textures   I   s* 

aod  colors,  but  mostly  thinly  lam-   ? 

iuated.     Miich  of  it  is  very  slaty. 

Here  aod  there  adike  is  seen  which 

showsan  effusion  of  melted  matter 

at  some  i)eriu<l  subsequent  to  the 

npbeaval.      2fo    fossils    coulu    be 

fuuud,  but  I  have  no  doubt  that 

they  belong  to  the  Potsdam  group, 

so  well  shown  ou  the  Gallatin,  and, 

indeed,  the  same  beds  are  much 

more  changed.     As  we  ascend  the 

mountain  the  compact  gray  Ume- 

stoues,  which  are  also  of  the  Sila- 

ri;rn  age,  are  well  developed  and, 

iiliove  Ibese  lime.itones.  full  of  well- 

di'tiued  carbuuitei  ous  fossils.    (Fig.  19.)    How  far  to  the  northward  these 
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Silurian  beds  extend  I  do  not  know,  bat  they  were  visible  at  least  fifty 
miles  below  the  junction  of  the  Three  Porks.  It  will  at  some  future 
day  be  an  interesting  and  profitable  task  to  study  the  geology  of  this 
region  in  detail.  The  few  facta  that  I  ara  able  to  present  at  this  time 
may  serve  to  call  attention  to  it.  There  is  here  the  largest  development 
of  the  Silurian  strata  I  have  ever  seen  in  the  West.  They  are,  however, 
only  shown  over  restricted  areas.  There  seems  to  have  been  very  little 
system  in  the  upheaval  of  the  rocks.  Here  and  there  they  are  brought 
to  the  surface.  The  lake-basin  is  about  five  miles  long,  and  on  an  average 
two  miles  wide,  and  the  aggregate  thickness  of  the  modern  deposits 
about  800  feet. 

On  the  west  side  of  the  Missouri,  immediately  below  the  Three  Forks, 
there  is  a  most  interesting  synclinal,  which  will  be  shown  in  the  illustra- 
tion. The  river,  as  it  enters  the  caiion  at  the  Three  Forks,  may  have 
started  in  a  rift,  but  it  seems  to  have  immediately  disregarded  "it  and 
cut  across  the  ridges,  so  that  the  channel  now  cuts  diagonally  across 
all  the  ridges  of  the  Carboniferous  series  and  a  large  portion  of  the 
Jurassic  within  a  distance  of  ten  miles.  The  ruggedness  of  this  region 
is  very  great,  the  little  branches  that  flow  from  the  hills  on  either  side 
gashing  deep  caHons,  exposing  the  strata  in  high  wsiUs  on  either  side. 
By  following  one  of  these  little  streams  from  the  main  river  up  to  the 
divide,  we  get  a  fair  section  of  the  strata.  About  five  miles  below  the 
Three  Forks,  on  the  west  side,  the  Jurassic  ridges  come  in  close  to  the 
river-side.  In  the  ridges  of  limestone  above  this  point  is  an  abund- 
ance of  characteristic  Carboniferous  fossils,  so  that  we  regard  the  age 
of  these  rocks  settled.  Above  them  comes  a  remarkable  series  of 
quartzites  and  sandstones,  with  intercalations  of  sandy  clay.  The  lime- 
stones seem  to  pass  gradually  up  into  quartzites,  so  that  the  upper  beds 
are  compact,  brittle,  gray  quartzites.  The  want  of  continuity  of  the 
strata  between  the  Jurassic  series  and  the  Carboniferous  group  below  is 
shown  in  the  absence,  in  most  cases  of  some  hundred  feet,  of  strata 
which  are  well  shown  here.  The  first  ridge  of  quarzite  is  about  300. 
feet  thick,  with  a  dip  of  45o.  In  the  lower  part  is  an  intrusive  bed  of 
igneous  rock.  The  second  ridge  is  a  rusty-brown  sandstone,  with  layers 
composed  of  fossils,  mostly  fragments,  as  Ostrea,  and  some  beautiful  but 
uudescribed  forms.  The  inclination  of  the  strata  is  35^  to  40o.  There 
is  in  this  ridge  a  remarkable  intrusive  bed  of  igneous  rock,  very  irregu- 
lar in  thickness  and  horizontal  extent,  sometimes  50  to  100  feet  thick, 
pinching  out  and  then  re-appearing  in  full  force.  The  calcareous  sand- 
stones above  and  below  are  full  of  fossils,  and  do  not  seem  to  have  been 
afi'ected  by  contact.  There  is  a  kind  of  cleavage  in  the  igneous  rocks 
that  gives  to  the  entire  mass  the  appearance  of  stratified  rocks,  but 
precisely  opposite  in  inclination  to  the  sedimentary  beds  which  inclose 
them.  Then  comes  a  series  of  beds  weathering  a  dull,  purplish  color, 
composed  of  sandstones,  quartzites,  with  loose  clays  and  shales,  passing 
up  into  brown  sandstones,  then  a  bed  of  dark-brown  quarzites.  Then 
comes  a  series  of  layers  of  reddish-yellow  sandstones  of  various  tex- 
tures, with  intercalations  of  arenaceous  clay.  Still  farther  above  are  a 
series  of  red  and  purplish  clays  with  greenish-blue  bauds  passing  up 
into  gray  marls  and  arenaceous  limestone.  The  aggregate  thickness  of 
the  mass  of  Jurassic  strata  was  estimated  to  be  about  1,500  feet.  The 
direction  of  the  dip  is  about  northwest.  Then  comes  a  series  of  brown 
and  rusty-yellow  arenaceous  clays  and  sandstones  500  to  800  feet  in 
thickness,  with  an  abundance  of  w^ell-detined  Cretticeous  fossils.  In 
the  middle  of  the  synclinal  is  a  limited  thickness  of  the  Coal  strata, 
with  layers  of  impure  coal.    At  the  junction  of  the  two  sides  of  the 
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^jTielinnl  the  beds  are  much  crashed,  so  that 
Very  obscure,  Ou  the  opposite  side  we  pass 
edges  of  the  same  series,  commenc- 
iug  with  the  Coal  strata,  bat  with 
a  reversed  dip.  The  complete  series 
h'ds  been  tilted  beyond  a  vertical,  so 
that  some  of  the  high  ridges  of  lime- 
stone incline  4oO.    (Figs.  20  aud  21.) 

Near  the    upper  portion  of  the 
Jurassic  ^roup  there  is  a  bed  of  gray 
Hmestone  six  feet  thi^k,  made  up  of 
an  aggregate  of  small  Gasteropod- 
ous'shells.     This  bed  is  well  exposed 
in  both  divisions  of  the  synclinal. 
Patches    of    the    lake-deposits   are 
thinly  scattered  over  the  surface, 
filling  up  the  irregularities,  occasion- 
ally showing  a  moderate  thickness 
either  of  marls  or  conglomerates.  As 
ve  pass  up  the  Gallatin  Valley  from 
its  month  we  observe  that  the  river 
flows  along  a  bigh-bluff  wall  on  the 
east  side.     There  are  several  local 
synclinals  as  well  as  auticlinals,  but 
none  of  the  Carboniferous  lieds  seem 
t3  have  beeu  afitected.    In  the  low 
hills  east  of  the  river,  about  five  miles 
above  the  mouth,  is  a  sort  of  local 
depresfiiiou,  iu  which  are  remnants 
o(  the  Jurassic  group.    As  I  have 
so  often  repeated  in  this  report  and 
in  my  previous  reports,  the  evidence 
is  continually  shown  that  the  forma-  ^  ^ 
tions  all  originally  extended  over  the     ? 
country  in  a  horizontal  position  at 
one  period ;    that  they  have  since 
been  removed  to  a  great  extent  by 
erosion,  but  here  aud  there  we  find 
indications  of  their  former  existence. 
The  section  will  show  a  most  exten- 
sive series   of  Carboniferous  lime- 
stones rising  gradually  as  we  ascend 
the  Gallatin.     I  described  these  beds 
somewhat  in  detail  iu  my  report  for 
1871-     The  series  of  Carboniferous 
limestones      is     remarkably    well 
shown  for  a  distance  of  about  five 
miles  above  the  mouth  of  the  Gal- 
latin.    Just  opposite  the  grist-mill 
the 4'ery  compact,  brittle  beds,  which 
are  supposed  to  be  of  Silurian  age, 
come  in,  forming  massive  bluff-ex- 
posures.    Just  beneath  these  ma^ss- 
ive  beds  of  limestone  is  a  series  of 
loose,  brown  shales  and  clays  with 


they   are  rendered 
over. the   upturned 
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Ihiu  la  vers  of   impure  hmestone.    In  the  shales  are  layers  of  lime 
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stOBe  an  inch  or  two  in  thickness,  composed  of  trilobites  mostly  in 

a   ftagmentJiry  condition,   but   wiili 

now    and    then  a  si>ecimen   so  pre- 

seired  as  to  characterize  it.     There 

were   great  uuuihers  and  variety   of 

these  old  Silurian  tbssils,  and  they 

nndoahtedly  helong  to  the  Potsdatn 

group.   The  Bectious  represented  by 

FigB.  20, 21,  and  22  arecoutinnous  aud 

occnpy  adistance  of  aboutthirty  miles. 

The   accompanying  illustnition   will 

^  show  the  consecutive  series  of  strata 

I  with  their  iucliuatiou.   (Fig.  22.)    The 

I  thickness   of   the    entire    series    of 

I  Lower  Silurian  strata  Iiere  is  esti- 

S  mated  at  1,COO  feet.  The  massive  lime- 

p-  stones  which  I  haverefcrred  to  the 

..  Potsdam  group  are  about  4UU  feet 

?  thick,  then  gradually  pass  down  into 
_  50  feet  of  thinly-inminatecl,  cherty 
.  ■'.  limestone  or  calcareous  mud-layers, 
:  ^  withabundautorgauicrcmaius.  Then 
i  S  come  layers  of  greenish   sand  and 
S  \  clays  with  shells  aud  trilobites  qnitd 
I  ■^  distinct  from  those  above.     Some  of 
*  .S  the  layers  of  sandstone  have  small 
3  g  rounded   pebbles,  though   not  prop- 
I  J  erly  a  conglomerate.    Then  comes  a 
"   a  purplish  sandstone,  and  below  these 
J  a"  variegated  shaly  clays,  yellow,  green, 
t  I  &c.,  then  hard,  dull  purplish-biowu 
B  J  quartzoso  sandstone,  inclining  iijo, 
g  1  apparently  metamorphosed  in  part, 
I  I  80  feet.    Then  comes  a  grassy  inter- 
I  ^  val,  aud  then  a  ridge  of  very  compact 
S  di  brownish-gray  quartzite,  with  irreg- 
i-  ular  layers  of  sandstone,  inclining 
I  45°.    Then  alternate  layers  orbrowii 
I  valcareous  sandstone  and  yellowish- 
s  brown  shaly  clays,    Theu  drab-brown 
I  quartzites  and  black  slates  alternate, 
.2  150  feet.    Then  comes  thesteel-brown 
J  quartzite,  whiith  has  the  appearance  at 
^i  a  little  distance  in  the  fracture  of  com- 
^.  pact  basalt,  100  feet.    Then  a  series  of 
"^  black   slates   150  feet  thick.     Then 
comes  a  dark  micaceous  sandstone, 
alternating  with  calcareous  slates  or 
shales,  300  to  500  feec  in  thickness. 
This  last  group  of  beds   continues 
along  the  river  in   high   bluffs    for 
about  five  miles  and  presents  a  great  - 
variety  of  structure.     In  some  in- 
stances the  shales  weather  to  a  soft, 
yellow,  chalky  material;  and  remind 
one  at  a  distance  of  the  yellow-chalk 
Then  we  have  a  brown  somewhat  worn 


beds  of  the  Middle  CretuwouQ- 
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sandstone,  i^hich  has  much  the  look  of  basalt  or  a  compact,  fine 
qnartzite.    Then  come  one  ''       ™  ' 

or  two  rather  thick  beds  of 
cherty   limestone    in    the 
beds"^  of  shale,  and  in 
some  instances  immense 
lomided,   flat    concretions 
of  cherty  limestone  several 
feet  in  diameter,  but  not 
more  than  6  or  12  inches 
thick.   So  far  as  I  could  as- 
certain, these   brown  mi- 
caoeoQS  sandstones  and 
shales  continue   down    to 
the  metamorphic  rocks.   In 
the  interval   between  the 
Flat'Head    Pass   and  the 
Missouri  Eiver  there  are 
several  local  anticlinals 
and  synclinals,  in  which  all 
the  series  of  rocks  are  ex- 
]K>8ed  in  their  order  from 
the  Lower  Silurian  to  the 
Cretaceous,  inclusive.  Here  ^ 
and  there  are  patches  of  | 
igneous  rocks  which  appear  > 
to  have  produced  in  some  » 
instances  these  short  anti-  = 
clinals.    Far  up  in  the  val-  o 
leys  of  all  the  little  streams  h 
Aat  flow  into  the  Gallatin  ^ 
River  may  be  seen  the  mod-  > 
em  deposits,  which  show  > 

the  extent  of  the  old-hike  5 

iraters,  and  as  they  slowly 

subsided  the  present  drain- 
age was  marked  out.    It  is 

by  the  stripping  off  of  these 

modern  beds  that  the  posi- 

tionoftheunderlyingstrata 

is  rendered  apparent.    In 

minntely  describing  the  ge- 
ological features  from  point 

to  point  much   repetition 

Is  necessary.    There  is  a 

certain  variety  in  the  out- 
lines of  the  surface  in  differ- 

rent  localities,  even  if  the 

geological  formations   are 

the  same  or  similar,  and 

the  shades   of    difference 

strike  the  eye,  but  cannot 

always  be  expressed  clearly 

in  words.     In  the  valleys 

of  all  the  little  streams  that 

flow  into  the  Gallatin  from 


the  Gallatin  Range,  there  is  a  greater  or  less  thickness  of  the  lake 
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deposit^;,  with  here  and  there  a  large  amonut  of  modem  drift.    Th^ 
burface  is  covered  with  water-worn  bowlders,  the  remains  of  the  last; 
acts  in  the  drama.    I  have  so  often  called  attention  to  these  ver^ 
modern  drift-deposits  that  it  is  only  necessary  to  state  that  thei^ 
cover  the  entire  surface  of  the  country,  except  the  summits  of  the  bigli- 
est  peaks.    The  origin  of  the  forces  that  transported  these  bowlders 
and  scattered  them  over  the  surface  in  this  irregular  manner  will  be 
discussed  in  another  place.    The  details  of  the  structure  of  the  Gallatin 
Bange  are  numerous,  and  could  be  best  presented  by  an  account  of  the 
different  routes  traveled  in  exploring  it,  but  I  will  only  describe  the  two 
sides  in  general  terms.    The  range  it^lf  is  probably  a  monoclinal,  that  is, 
it  is  an  elevated  ridge  with  the  strata  all  inclining  in  the  same  directiou, 
and  the  position  of  the  opposite  portion  is  not  yet  known  with  certainty. 
The  older  beds  on  the  west  side  have  a  marked  reversed  dip,  bat  the 
central  beds  of  limestone  are  nearly  vertical,  while  the  Jurassic,  Cre- 
taceous, and  Coal  strata,  inclining  at  various  angles  from  6^  to  5(P, 
gradually  descend  in  step-like  ridges  fi-om  the  summit  of  the  range  to 
Shields's  River,  eastward  a  distance  of  about  fifteen  or  twenty  miles;  The 
aggregate  inclination  seems  to  be  about  northeast.    Bridger  Creek,  near 
the  Cuion  Pass,  flows  southward  along  the  east  base  of  the  main  ridge 
for  about  ten  miles,  and  bends  around,  wearing  a  very  deep  canou 
through  the  south  end  of  the  range  through  the  limestones,  and  enters 
the  East  Gallatin  about  five  miles  below  Bozeman.    The  Jurassic  beds 
are  crushed  together  in  the  uplift  to  such  an  extent  that  they  are  quite 
obscure,  and  do  not  appear  to  much  advantage,  but  in  Union  and  Flat- 
Head  Passes  they  are  much  better  exposed,  but  the  Cretaceous  and  Coal 
groups  are  enormously  developed,  reaching  an  aggregate  thickness  of 
more  than  10,000  feet.    By  the  Coal  group  I  always  mean  the  series  of 
beds  which  are  probably  Cretaceous  in  part,  passing  up  into  Lower  Ter- 
tiary and  containing  the  coal-beds  of  the  West.    The  axis  of  the  Gal- 
latin Eange  is  somewhat  zig-zag  in  its  trend.    The  great  mass  of  the 
mountain  inclines  eastward  or  northeastwiifrd,  but  bends  abruptly  west 
in  two  or  three  places,  forming  interesting  passes,  as  Union  and  Flat- 
Head  Passes.    The  outcropping  edges  of  the  limestone-strata  have 
been  rounded  off  by  atmospheric  agencies,  yet  for  a  wide  belt  along  the 
very  summit  each  layer  is  clearly  shown,  like  irregular  bands  from  one 
end  of  the  range  to  the  other,  a  distance  of  about  twenty-five  miles. 
The  highest  peak,  which  is  nearly  9,000  feet,  shows  the  upturned 
edges  of  the  limestone-layers  most  clearly.    As  I  have  before  remarked, 
the  central  mass  and  the  highest  portions  are  those  which  seem  to  have 
resisted  erosion  best.    These  beds  are  usually  nej»rly  vertical  in  posi- 
tion, seldom  incUniog  past  a  vertical,  while  the  Silurian  group  has  a 
reversed  fnclination  trora  5^  to  15°.    On  the  west  side  of  Union  Pass 
the  underlying  granitoid  rocks  are  exposed,  dipping  in  the  opposite  di- 
rection, as  if  in  the  uplift  there  had  been  forces  acting  not  only  vertically 
but  tangentially.    The  Silurian  group  is  exposed  on  the  foot-hills,  vary- 
ing from  800  to  1,200  feet  in  height  from  Bridger's  Pass  across  to  a 
point  about  five  miles  north  of  Flat  Head  Pass,  a  distance  of  nearly 
twenty  miles.    The  consecutiveness  of  the  beds  is  much  obscured  by 
the  great  thickness  of  detritus  and  grass,  but  the  rocks  crop  out  all 
over  the  hills,  so  that  they  can  be  studied  with  confidence.    Then  we 
know  that  they  are  only  an  extension  southward  of  the  same  group  of 
beds  which  is  so  admirably  well  shown  along  the  Gallatin,  and  which  has 
been  described  in  a  previous  portion  of  this  chapter.    From  the  Mis- 
souri River  southeast  to  the  Yellowstone  Eivw,  there  is  a  series  of 
rather  low,  broken  ranges  of  mountain-ridges,  of  which  the  Gallatin 
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is  the  central  and  the  lar^st  one.  On  the  east  side,  between 
tlie  Gallatin  Kasge  and  the  intermediate  valley  of  Shields's  Biver,  there 
is  a  belt  of  country  ten  to  fifteen  miles  in  width,  made  up  of  Cretaceous 
and  Tertiary  beds,  with  ao  unusual  somber  brown  color,  as  if  they  had 
been  affected  more  or  less  by  heat.  Here  and  there  are  indications  of 
the  effusion  of  basalt,  usually  in  the  form  of  a  dike,  without  generally 
affecting  to  any  great  extent  the  position  of  the  sedimentary  strata,  but 
fiometimes  throwing  them  into  various  positions.  The  highest  hills  are 
from  duo  to  1,200  feet  above  the  surrounding  country,  but  descend  west- 
ward ID  step  like  ridges.  The  belt  is  exceedingly  rugged  from  the  nature 
oi  the  upheaval,  the  beds  having  been  lifted  up  at  various  elevations;  but 
iu  addition  they  are  cut  down  in  every  direction  by  the  little  streams 
that  flow  into  Shields's  Biver  on  one  side  and  into  the  Gallatin  on  the 
other.  A  large  ^wrtion  of  this  belt  is  covered  with  thick  pines,  with 
patches  of  aspen,  and  the  remainder  thickly  grassed  over,  forming  most 
excellent  pasturage  for  stock  of  all  kinds.  In  the  valley  of  Shields's 
Biver  are  hundreds  of  excellent  farms,  which  would  long  since  have 
been  taken  up  by  farmers  had  it  not  been  for  fear  of  hostile  Indians. 

The  Flat-Head  Pass  is  the  great  thoroughfare  for  the  Fiat- Head  and 
Banoack  Indians  on  tlieir  way  to  the  buffalo-districts  on  the  Mnscle- 
sbei],  Missouri,  and  Lower  Yellowstone.    The  hostile  Sioux  have  made 
several  raids  through  this  pass  into  the  Gallatin  Yalley,  murdering  the 
settlors  and  running  off  their  stock.    The  illustrative-section  which  was 
taken  at  Flat- Head  Pass  shows  the  situation  of  the  range  with  great 
clearness.    Passing  along  the  west  base  of  the  range  from  Flat-Head 
Pass  to  Fort  Ellis,  we  find  the  slope  from  the  Gallatin  Eiver  to  the  im- 
mediate foot  of  the  mountains  dotted  with  cultivated  farms.    Where  the 
superficial  deposits  are  cut  through  by  the  numerous  small  streams,  ^a 
great  thickness  of  the  modern  lake-deposits  and  drift  is  exposed.    Iu 
some  instances  the  modern  beds  are  hardened  into  a  calcareous  sand- 
stone that  is  used  for  building  purposes.    These  deposits  jut  up  against 
the  sides  of  the  mountain  in  such  a  manner  that  the  old  shore-line  is 
distinctly  marked.    From  Flat-Head  Pass  to  Union  Pass,  a  distance  of 
about  fifteen  miles,  the  abnjpt  foot-hills  are  composed  entirely  of  the 
Silurian  group,  lifted  up  in  such  a  manner  as  to  incline  past  a  vertical. 
The  character*  as  well  as  the  order  of  superposition  of  the  beds,  must 
be  the  same  as  of  those  noted  along  the  Gallatin  a  few  miles  below,  but  the 
hills  are  so  covered  with  detritus  and  grassed  over  that  I  found  it  im- 
possible to  obtain  a  consecutive  section.    Kearly  all  the  more  compact 
strata  crop  out  at  different  points,  so  that  the  principal  beds  were  de- 
tected.    In  Union  Pass  the  streams  have  worn  a  passage  throngh  the 
range,  so  that  the  strata  are  well  exposed,  and  we  find  here  underneath 
the  Silurian  group  a  granitic  base,  as  shown  in  the  section.    In  the  mas- 
sive limestones  of  Union  Pass,  which  are  probably  of  the  Potsdam  epoch, 
there  is  a  singular  illustration  of  jointage,  well  shown  in  Fig.  23,  which 
would  at  once  arrest  the  attention  of  the  geologist.     At  first,  one 
would  be  much  puzzled  to  determine  the  true  stratification  from  the 
false.    It  forms  a  portion  of  Liberty  Peak,  which  rises  about  8,000  feet, 
and  is  probably  due  to  partial  'metamorphic  action.     The  granitic 
rocks  continue  to  increase  in  thickness  up  to  Bridger  Gaiion,  a  distance 
of  fifteen  niilea.     Here  there  seems  to  have  been  a  less  powerful  force 
exerted,  so  that  only  the  limestones  are  exposed,  and  the  Cretaceous 
aod  Coal  strata  are  found  on  the  summits  of  the  range.    Bridger  and 
Bozeman  Passes  are  low  depressions  in  the  range.    As  we  pass  across 
tlie  numerous  branches  of  the  Gallatin,  as  they  emerge  from  the  mount- 
ains we  see  the  Carboniferous  and  Silurian  limestones  incliniug  from 
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the  sides  of  the  lower  bills  and  passiag  under  the  valley.  Here  and 
tliere  a  high  ridge  is  obseived  jutting  up  against  the  base  of  the  mount- 
ains, a  remnant  of  the  lake-deposit  wliich  has  escaped  erosion.  The 
central  portion  of  the  range,  in  which  the  different  branches  of  the  Bast 
pj  Gallatin    have   their 

,,  origin,   is  comiMJ.se^l 
I  mainly  of  basalt,  ba- 
I  saJtic  tuffs,  and  bre«- 
]  cia.   These  have  been 
J '  worn   into  the  most 
*    fanciful  architect  ai-al 
^   forms.    Mr.  Jackson, 
^    tbo  photographer  of 
'-,  the  siirvcy,  pene- 
■•    trated  thia.regioii  for 
'-.   the  fii'st   time    last 
'i    summer,  and   ob- 
'y  tained  from  it  some 
J  most   marrtlonsly 
''\  beautiful  views  of  the 
j  scenery.      1    doubt 
M  whether  there    is    a 
-^  portion  of  tlie  "VVest 

DKEPIIVB  V,-EATHER1«<;,  UF.EMl'   PEAK  WhCTB     UU      tllC     ClC- 

A,  Trnedipof  beiia.  ments  of   landscape 

beauty  are  more  happily  combined.  Palace  Caiion  and  Palace  Batte  are 
formed  of  stratified  tuffs  and  breccia,  and  these  palace-like  tbruis  are 
carved  out  of  the  solid  beds  by  the  slow  process  of  erosion  by  water.  In 
the  caBons,  the  limestone-strata  frequently  cropoutfrom  beneath  l,ij(»0  to 
2,000  feet  in  thickness  of  this  volcanic  material.  The  reader  is  referred 
to  the  rejTOrt  of  Dr.  Peale  for  the  details  of  the  geology  <^  this  mosC 
interesting  region.  From  the  East  Gallatin  to  the  West  Gallsitiu  Cafiou 
there  are  perhaps  fifteen  or  twenty  little  branches,  each  of  wbii:h  rises 
near  the  crest  of  the  range  and  carves  out  a  gorge  fl^om  five  to  litteeu 
miles  in  length.  Bach  of  these  cjinous  would  afford  a  grand  study  for 
the  geologist  as  well  as  the  photographer.  But  we  could  examine  only 
a  few  of  them.  From  the  entrance  of  West  Gallatin  Canon  the  view 
down  the  valley  cannot  be  surpassed  for  beauty  in  this  land  of  pictur- 
esque scenery.  The  gently-rolling,  grass-covered  hills;  the  little  streams 
meandering  through  them,  fringed  on  either  side  with  a  thick  growth  of 
cottonwoods;  the  numerous  farms,  golden  with  their  fields  of  wbeat; 
and  over  all,  in  the  distance,  that  pecubar,  soft,  golden  hnze,  wliich  char- 
acterizes the  autumn-days  in  this  mountain-region,  tends  to  the  whole 
vision  a  charm  that  is  lung  remembered.  As  tlie  settiug  sun  of  autumn 
shines  upon  the  valley  and  surrounding  mountains,  all  objects  seem  to 
be  invested  with  an  unusual  beauty,  which  reminds  one  of  the  lines 
of  the  poet: 

Aud  an-ect.  calm  days,  with  golden  bane, 

SItIt  ilgwD  tbb  amber  Bky. 

The  little  side  streams  that  come  in  from  the  mountains,  and  the 
various  main  branches  as  they  traverse  the  broad,  grassy,  rolling  val- 
ley, with  their  fringes  or  belts  of  green  cottonwood  Ibliage,  added  much 
to  the  charming  beauty  of  the  scene.  Then,  hemming  it  in  on  every 
side,  are  fine  ranges  of  mountains,  which  now  seem  depressed  into  low 
passes  or  are  isolated,  then  rise  or  swell  into  lofty  peaks,  which  seem  as 
it  were  to  have  been  thrust  up  from  the  level  plains  arouud.    I^ate  iii 
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tho  day  the  atmosphere  appears  unusually  clear  aud  transparent,  and 
every  peak  and  ciiuon  stands  out  in  a  relief  so  bold  that  one  seems  able 
to  look  into  the  very  recesses  of  these  grand  ranges.  So  close  do  they 
a'»j)ear  to  the  beholder,  aud  so  distinctly  are  the  details  brought  out, 
that  they  seem  to  lose  a  portion  of  that  dignity  which  arises  from  their 
"rand  loftiness.  The  mountains  on  the  south  side  of  the  valley  from 
Spring  Caiion  to  the  canon  of  the  West  Gallatin  are  not  very  rugged, 
and  are  covered  more  or  less  with  timber  and  a  vast  amount  of  super- 
ficial material,  concealing  the  rocks,  except  iu  the  valleys  of  the  streams. 
The  valleys  or  gorges  of  the  streams  that  issue  from  the  mountains 
ili<elose  the  strata  of  Carboniferous  aiid  Silurian  limestones,  aud,  though 
the  beds  are  thrown  into  remarkable  confusion,  yet  the  general  inclina- 
tion is  evidently  northeast.  The  great  mass  of  the  bowlders  that  are 
brought  down  the  caiions  into  the  bottoms  below  is  of  igneous  origin, 
lu  the  morning  the  east  ranges  are  usually  covered  with  a  smoky 
hazp  which  makes  them  appear  distant  andinclistinct,  w^hile  the  ranges 
oppo'^ite  the  sun  are  brought  out  with  a  singular  relief.  In  no  country 
are  the  varied  phases  of  scenery  better  shown  than  in  this.  For  the 
artist  this  country  must  open  up  a  new  world. 

We  will  now  ascend  the  Gallatin  Caiion  to  the  source  of  the  river. 
This  caiion  had  never  been  explored  by  any  scientific  party  previously, 
and  even  the  settlers  in  the  open  valley  below  knew  nothing  about  it. 
A  few  hardy  miners  had  ascended  it  in  search  of  precious^  minerals. 
The  Gallatin  River  seems  as  it  were  to  be  crowded  iu  between  the  two 
great  rivers,  the  Yellowstone  and  the  Madison,  aod  it  has  therefore 
cat  a  eontinnous  gorge  through  the  rocks  for  more  than  seventy  miles, 
with  walls  on  either  side  rising  from  1,000  to  2,000  feet.  As  a  geolog- 
ical section  it  has  hardly  a  parallel  iu  the  West.  On  this  account,  as 
well  as  from  the  novelty  of  the  region,  I  wish  to  describe  the  canon  in 
detail. 

Just  on  the  west  side  of  the  Gallatin,  about  half  a  mile  below  the 
canon,  is  a  ritlge  of  Pliocene  sands  and  sandstones,  inclining  at  a  slight 
angle  from  a  thin  series  of  arenaceous  limestones.  Then  comes  a  ridge 
or  two  of  the  older  limestones,  probably  Silurian,  inclining  10^.  Then 
nndemeath,  and  farther  up  the  caiion,' the  reddish  feldspathic  quartz- 
iies  and  other  rocks  apparently  conforming  at  this  locality.  The  river 
at  the  mouth  of  the  canon  is  100  to  150  fleet  wide,  and  rolls  swiftly  over 
its  rocky  bed,  with  an  average  depth  of  12  to  18  inches.  There  are 
well-marked  terraces  along  the  river,  though  not  peculiar,  like  those  on 
the  Madison.  At  the  lower  portion  of  the  caiion  the  gneissic  rocks  are 
well  exposed,  the  hills  on  either  side  rising  to  a  height  of  600  to  1,000 
feet,  with  the  strata  nearly  vertical  or  inclining  northwest.  At  first 
view  the  limestone^}  seem  to  conform  with  the  granitic  strata,  but  the 
former  dip  northeast,  the  latter  northwest,  50°  to  80^.  The  peculiar 
banded  appearance  of  the  gneiss  is  shown  in  a  marked  manner. 

About  three  miles  up  the  canon,  near  the  entrance  of  Spanish  Creek, 
the  Gallatin  flows  between  uplifted  ridges  of  limestone.  The  river 
flows  nearly  north,  while  the  inclination  of  the  limestone-beds  is  about 
northeast,  and  the  channel  is  cut  partly  across  the  ridges  and  partly 
in  the  intervals  between.  So  that  on  the  east  side  the  limestones  pre- 
sent a  remarkable  wall  of  the  outcropping  edges  of  the  strata,  1,000  to 
1»500  feet  iu  height.  In  looking  directly  at  the  wall  the  strata  seem 
nearly  horizontal,  but  a  side  view  shows  the  dip  to  be  15°  to  25°.  On 
the  west  side  of  the  Gallatin  the  strata  incline  like  a  steep  roof  and  the 
ridges  of  arenaceous  limestone  rise  to  a  height  of  1,800  to  2,500  feet, 
and  are  uodoabtedly  of  Silurian  age.     Underneath  the  arenaceous 
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limestone  on  the  west  side  of  the  river  is  a  considerable  thickness  of 
the  rnsty-brown  sandstones,  pudding-stones,  clays,  &c.,  that  ebarac- 
terize  the  Silurian  near  the  Thrive  Forks ;  but  these  beds  are  thinning 
out  very  rapidly  in  their  southward  extension.    Spanish  Creek  flows 
into  the  Gallatin  from  the  divide  on  the  west  side,  and  nearly  separates 
the  unchanged  strata  above  from  the  gneissicrock  below.    A  tew  patches 
of  limestones  occur  here  and  there.     In  the  limestones  on  the  east  side 
of  the  Gallatin,  great  quantities  of  fossils  occur,  Produetus  semireiumlatus^ 
P.  longispinuSy  JStraphamena  analoga^  Hemlpronetea  crenifttna^  and  many 
others  (see  catalogue  of  Mr.  Meek)  of  Carboniferous  age.    On  the  west 
Hide  of  the  river  the  limestone-ridges  soon  disappear  and  the  massiv^e  gran- 
it  old  rocksappear,  rising  toan  enormous  height,  covered  with  great  quan- 
tities of  huge  fragments.  On  the  east  side,  the  Carboniferous  and  Siiuriaa 
beds  extend  up  for  about  five  miles,  when  they  slowly  disappear  over  the 
summits  of  the  granitic  mountains.    At  first  the  Carboniferous  lime- 
stones extend  down  to  the  water's  edge,  but  in  ascending  the  river  the 
strata  rise  rapidly  until  the  entire  mass  is  exposed,  resting  upon  the 
granitic  group.    Although  there  is  no  positive  non-conformity  between 
the  Carboniferous  and  Silurian,  yet  there  appears  to  be  a  well-defined 
physical  line  of  separation.    The  Silurian  limestones  are  more  massive, 
brittle,  cherty,  and  have  an  ancient  look,  while  the  Carboniferous  beds 
are  more  pure  limestone,  and  with  thin,  welldefiued  layers.    These 
upper  limestones  also  have  a  more  modern  appearance.    The  sides  of 
the  mountains  on  both  sides  of  the  Gallatin,  from  crest  to  crest,  are 
wonderfully  rugged  and  picturesque.    The  limestones  are  frequently 
weathered  into  the  most  peculiar  columns,  while  the  granites  are  worn 
into  grand,  castellated  forms.    The  crest  of  the  ranges  on  the  entire 
divide  on  the  esist  side  is  composed  of  volcanic  rock,  while  on  the  west 
sixle  the  central  mass  is  granitic,  rising  in  high,  sharp  peaks,  10,000  to 
10,500  feet  above  the  sea.    The  pines  cover  the  sides  of  the  mountains 
quite  thickly  in  many  places,  sending  their  roots  among  the  rocks 
where  the  descent  is  almost  vertical.    About  ten  miles  above  the 
entrance  of  the  caiion  the  granitic  rocks  rise  to  the  surface  on  the  east 
side  of  the  Gallatin,  and  extend  ten  miles  up  the  river  in  full  force  on 
both  sides,  rising  quickly  to  a  height  of  2,000  to  2,500  feet  above  the 
bed  of  the  river.    At  first,  detached  beds  of  limestone  may  be  seen  upon 
the  high  granite-walls,  as  they  disappear  upon  the  summits  of  the 
mountains.    The  little  streams,  as  they  flow  down  from  the  divides  on 
either  side,  have  cut  fearful  gorges  through  the  granites.    The  narrow- 
valley  on  both  sides  of  the  river  is  covered  with  immense  rounded 
granite-bowlders,  rendering  the  traveling  very  difficult.     For  a  dis- 
tance of  ten  miles  we  were  obliged  to  travel  with  our  pack-train  very 
slowly  and  with,  great  risk.    In  no  part  of  the  West  have  we  found  a 
more  difficult  trail,  and  this  may  account  for  the  fact  that  so  few  |ier- 
sous  have  ascended  the  stream.     As  we  crossed  one  of  the  little  streams 
that  flow  into  the 'Gallatin  from  the  west  side,  we  observed  that  the 
water  was  vei^y  muddy.    Mr.  Sloane,  a  prospector,  who  accompanies! 
us  for  protection  while  he  was  searching  for  mines,  suspecting  that 
somewhere  near  the  head  of  the  stream  a  fellow- miner  had  found  a  good 
thing  and  was  working  it  out,  quietly  followed  the  stream  up  to  its 
source.    He  found  near  the  head  that  a  few  days  before  lightning  ha<l 
struck  the  ground,  plowing  it  up  in  long  lines  sometimes  100  yards 
or  more  and  six  feet  in  depth.    The  pines  grew  very  thickly,  but  over 
an  area  150  feet  wide  and  about  600  yards  long  the  trees  were  torn 
down  and  broken  in  pieces.    Trees  two  and  a  half  feet  in  diameter  were 
broken  off  and  were  thrown  several  hundred  yards  down  the  stream. 
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As  the  water  flowe<l  over  the  broken  groand  it  became  muddy,  and  at 
its eotniDce into  the  Gallatin  looked  like  the  water  of  a  minin^guleh. 
A  few  dajH  previoady  there  was  a  terrific  thunder-storm^  accompanied 
by  strong  wind. 

About  twenty  miles  up  the  eaiion  the  granitic  rocks  cease,  and  a  re- 
markable ridge  of  limestones  extends  across  the  river  with  a  trend  about 
sootheaat  and  northwest.  On  the  east  side  of  the  river  the  sharp  ridges 
rise  up  to  a  height  of  1,500  to  2,000  feet,  with  an  inclination  of  50^  south- 
west The  sides  as  well  as  the  summits  of  these  ridges  are  remarkably 
ragged  and  jagged.  A  little  stream  comes  into  the  Gallatin  from  the 
Sf&ynx,  a  high  peak  on  the  divide  between  the  Gallatin  and  the  Madi- 
SOQ.  This  stream  has  worn  its  rather  wide  grassy  valley  out  of  the  soft 
materials  of  the  Jurassic  beds,  leaving  the  harder  Carboniferous  and 
Silarian  lying  against  the  sides  of  the  mountain-range  like  a  huge  wall, 
extending  from  Cinnabar  Mountain  northwest  across  the  Gallatin  and 
Hadison  Eivers.  The  Gallatin  Biver  cuts  this  ridge  nearly  at  right 
angles.  In  the  bed  of  a  little  stream  on  the  west  side  several  of  the 
OQtcropping  edges  of  the  limestone-strata  are  seen  which  have  beea 
voni  down  to  the  level  of  the  valley.  This  group  of  sedimentary  strata 
fonns  the  southwest  portion  of  the  anticlinal  of  which  the  group  of  lime- 
^ooes  described  a  short  distance  above  the  entrance  of  the  eaiion  is  the 
northeast  portion.  We  see,  therefore,  that  all  these  rivers,  the  Madison, 
Gallatin,  and  Yellowstone,  have  cut  their  channels  directly  through  the 
range.  Just  above  this  range  the  valley  expands  to  a  mile  in  width, 
and  the  hills  on  either  side  are  much  broken  and  are  so  covered  with  the 
sedimentary  beds  that  the  granitic  rocks  are  seldom  seen.  In  the  bot- 
tom is  a  group  of  springs  flowing  from  beneath  the  limestones  that  are 
full  of  rank,  algous  vegetation.  The  temperature  of  the  water  is  re- 
speetively  54^,  56^,  55^,  54°,  43°,  44^.  These  springs  may  once  have 
been  very  hot,  like  those  about'  the  sources  of  the*  Madison.  Warm 
spriags  are  not  uncommon  at  various  points  far  down  the  valley  of  the 
Yellowstone  as  low  as  the  month  of  Big  Horn  Biver.  The  Silurian  and 
Uarboniferons  strata  are  tho  same  as  those  noticed  on  the  opposite  side 
of  the  range.  Conforming  to  th^  Carboniferous  limestones,  so  far  as  can 
be  detected  by  the  eye,  is  a  group  of  sandstones,  arenaceous  limestones, 
clays,  &e.,  which  are  undoubtedly  of  Jurassic  age.  High  up  on  the  range 
oa  the  east  side  of  the  Gallatin  are  patches  of  the  Cretaceous  and  Coal 
groups,  as  seen  on  the  Yellowstone  near  Cinnabar  Mountain.  Above  the 
gmoitic  portion  of  the  eaiion  there  is  a  marked  depression  on  both  sides  of 
the  Gallatin,  and  small  streams  flow  into  the  river  over  the  softer  Jnrassic 
beds.  These  beds  incline  at  so  great  an  angle  for  a  distance  of  only  about 
balf  a  mile^  when  they  abruptly  become  horizontal.  In  the  elevation  of 
the  mountain-range  in  which  the  granitic  nucleus  bursts  through  the  sedi- 
meatary  mass,  tipping  off  on  either  side  the  strata,  the  whole  country 
was  elevated  to  a  greater  or  less  extent.  The  central  or  granitic  mass 
was  raised  up  in  the  form  of  peaks  from  9,500  to  10,500  feet  above  tide- 
wato,and  the  sedimentary  beds  were  broken  off  and  lie  on  the  sides  of 
the  ipianitie  nucleus  in  a  nearly  vertical  position ;  while,  a  short  distance 
above  them,  the  crust  was  not  so  much  affected  by  the  force,  the  same 
beds,  though  they  may  have  been  elevated  to  a  greater  or  less  height  in 
Bttss,  still  retain  their  horizontal  position  nearly.  So  we  find  a  group 
of  blown  sandstones^  conglomerates  or  pudding-stones,  and  quartzites 
pasang  down  into  clays,  sandstones,  and  arenaceous  limestones.  Some 
ot  the  limestone-strata  are  made  up  of  an  aggregate  of  shells  which  ap* 
Pw  to  be  of  the  Jurassic  age.  We  pass  up  the  open  valley  of  the 
^oUatin  a  distance  of  about  four  miles,  with  high  walls  of  Jurassic 
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strata  on  eitber  side,  formiug  an  aggregate  of  about  1,200  feet  in  thick- 
ness. At  the  upper  end  of  the  little  basin  or  open  valley,  the  Oarboniferons 
limestones  rise  up  from  beneath  the  Jurassic  and  soon  form  high  vertical 
walls  on  both  sides  of  the  river.  From  this  point  to  the  soi&ce  of  the 
river,  Carboniferous  limestones  prevail  to  a  greater  or  less  extent.  For 
about  fifteen  miles  the  river  has  carred  out  a  canon  with  the  nearly 
horizontal  strata  of  limestones  rising  with  vertical  walls  on  either  side 
800  to  1,200  feet.  The  inclination  of  the  strata  appears  slight,  not  more 
than  lo  to 3^.  •  The  limestones  are  mpstly  in  rather  thin  layers,  but  some 
of  them  form  massive  beds.  The  entire  group  presents  the  usual  variety 
of  texture  common  to  limestones  of  this  age.  The  fossils  are  quite 
abundant,  and  all,  so  far  as  could  be  determined,  of  well  known  Carbon- 
iferous types.  This  part  of  the  canon  is  most  picturesque ;  the  high 
limestone-walls  on  either  side  are  weathered  into  towers  and  Grothic 
pinnacles  and  in  some  instances  wonderfully  grotesque  forms.  It  would 
hardly  be  possible  to  find  as  complete  a  section  of  the  strata  anywhere 
in  the  Korthwest  as  is  shown  in  this  canon. 

For  the  entire  distance  of  seventy  miles  the  river  has  carved  its  chan- 
nel out  of  the  solid  mass,  most  of  the  way  hemmed  in  with  narrow  ver- 
tical walls,  but  here  and  there  expanding  out  a  little  with  a  narrow  open 
basin,  but  soon  closing  up  again.  We  can  here  obtain  something  like  a 
correct  estimate  of  the  thickness  of  these  groups  of  strata.  I  estimate 
the  Jurassic  group  at  1,200  feet  and  the  Carboniferous  at  2,500  to  3,000, 
the  Silurian  group  800  to  1,000  feet.  From  time  to  time  we  see  some 
irregularities  in  the  strata,  but  these  seem  to  arise  from  local  ipfluences. 
But  at  a  point  in  the  Gallatin  Valley,  about  opposite  Cinnabar  Mount- 
ain, the  entire  mass  of  sedimentary  beds  is  again  suddenly  tilted  at 
an  angle  o(P  to  70^  about  west  or  southwest.  The  entire  series  of  beds 
seems  to  be  exposed  here  from  the  Silurian  to  the  Coal  group  inclusive. 
The  Jurassic  group  of  beds  inclines  about  50°,  but  a  little  farther  up  on 
the  west  side  of  the  Gallatin,  and  extending  up  toward  the  divide,  are 
the  Cretaceous  and  Tertiary  (coal)  groups,  nearly  in  a  horizontal  posi- 
tion, capped  with  basaltic  rocks.  In  this  valley,  from  crest  to  crest  of 
the  divide,  the  strata  have  been  thrown  into  the  most  chaotic  positions. 
No  system  could  be  wrought  out  of  the  confusion.  Sometimes  the  lower 
limestones  capped  the  highest  hills  and  the  youngest  beds,  as  Cretaceous 
and  Tertiary  would  be  found  nearly  horizontal  in  the  lowest  valleys 
on  the  divide  between  the  Gallatin  and  Yellowst/one.  At  one  point  we 
discovered  a  group  of  springs  that  deserves  a  notice  here.  These  spiings 
gush  out  of  the  side  of  the  mountain  from  the  limestones  about  100  feet 
above  the  river,  and.  in  the  aggregate  form  quite  a  stream  of  water. 
Great  quantities  of  Calcareous  tufa  surround  the  springs,  and  the  vege- 
tation is  remarkably  luxuriant.  Helices  are  scattered  thickly  for  some 
distance  in  every  direction,  sometimes  giving  the  surface  a  snow-white 
appearance  in  the  distance.  These  land-shells  occur  in  greater  or  less 
abundance  among  the  limestones.  The  river  is  now  fed  almost  entirely 
by  springs  which  issue  from  beneath  the  limestone-strata  which  prevail 
everywhere.  The  Jurassic,  Cretaceous,  and  Tertiary  occtir  only  in  iso- 
lated patches.  As  we  continue  on  up  the  valley  we  find  it  sufficiently 
open  for  good  roads,  sometimes  extending  out  one-fourth  to  one-half  a 
mile  in  width.  •  Grass  is  good,  and  in  many  places  quite  wide  ravines 
extend  down  from  the  divide  on  either  side  that  have  excellent  grass. 
For  this  reason  this  valley,  or  cafion,  as  it  might  be  called,  has  b^n  in 
times  past  a  great  resort  for  Indians.  Traces  of  the  camps  are  seen 
everywhere.  The  high  walls  that  hem  it  in  on  either  side  furnished  a 
protection,  not  only  from  their  enemies^  but  from  high  winds  and  severe 
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eold«  A  tribe  oonld  remam  here  an  entire  season  well  protected,  while 
the  young  men  oonld  go  ont  on  either  side  among  the  moantains  in 
aearcb  of  game.  At  one  point  great  quantities  of  dry  pines  have  been 
▼ashed  down  from  the  mountain-side  as  if  by  a  sort  of  local  flood.  The 
fires  frequently  run  over  the  mountiiins,  killing  the  green  pines,  so  that 
80OU  after  they  fall  down  covering  the  ground.  Here  they  had  accumu- 
lated in  immense  piles,  aiid  the  Indians  had  at  some  period  employed 
them  in  building  fortifications  for  themselves  and  their  animals,  as  pro- 
tection from  their  enemies. 

The  well-known  Bannock  trail  passes  by  this  valley.  Near  the  forks 
of  the  Gallatin  some  igneous  rocks  rise  up  from  beneath  the  limestones 
200  to  600  feet  high.  They  are  exposed  for  a  mile  or  more,  and  appear  to 
be  the  same  as  those  composing  the  dike  in  the  Devil's  Slide  on  tbe  Yel- 
lowittoue.  The  limestones  have  been  pushed  up,  as  it  were,  so  iliat  they 
incline  firom  either  side,  passing  down  beneath  the  general  level  from 
the  igneous  exposure.  Several  quite  large  streams  come  in  on  either 
side  to  form  the  Gallatin^  each  cutting  a  deep  gorge  through  the  rocks 
from  the  crest  to  the  river-bed.  The  main  branch  rises  at  the  foot  of 
Mount  Gallatin.  A  dome-shaped  peak,  which  overlooks  the  valleys 
of  the  Yellowstone  and  Gallatin,  is  one  of  the  finest  mountains  in  the 
range,  and  commands  a  most  .extAded  view  in  every  direction.  The 
ftiroes  seem  to  have  operated  with  great  irregularity,  breaking  the  lime- 
Blone-cmst  in  every  direction  and  producing  chaos.  Sometimes  a  great 
thickness  of  the  beds  is  found  in  the  lower  valleys  in  a  nearly  horizontal 
position ;  again  they  cap  the  highest  mountains,  either  inclining  at  a 
greater  or  less  angle  from  the  sides  or  lifted  up  bodily  to  tbe  summit. 
We  have  thus  attempted  to  describe  in  some  detail  the  geological  strnc- 
tnie  of  this  remarkable  valley.  No  man  had  ever  looked  upon  it  before 
Tith  the  eye  of  the  geologist,  and  very  few  persons  had  ever  visited  it 
for  any  purpose.  The  topography  was  entirely  new.  In  a  subsequent 
report,  when  we  have  to  present  a  general  view  of  the  geology  of  the 
>korthwest,  we  hope  to  make  the  subject  still  clearer  by  means  of  the 
beaatifal  illustrative-section  taken  by  the  artist  of  the  expedition,  Mr. 
Holmes. 

We  will  now  return  to  the  Three  Forks  and  record  the  few  hasty 
notes  taken  on  our  return  homeward  by  way  of  Helena.  It  is  not  pos- 
Hble  to  do  justice  to  the  geology  of  this  most  interesting  region  now, 
bat  at  some  .future  time  we  hope  to  return  to  this  work  again. 

I  have  already  described  briefly  the  geological  features  of  the  country 
aboat  the  Three  Forks.    The  interesting  synclinal  shown  in  the  cut 
extended  toward  the  northwest.     The  stage-road  to  Helena  passes 
along  the  northwest  end,  so  that  we  could  see  the  relations  of  the  sedi- 
mentary beds  to  the  underlying  granites.    We  thus  ascertained,  what 
we  had  previously  suspected,  that  the  entire  series  of  beds  had  been 
lifted  np  in  such  a  way  that  they  now  all  inclined  more  or  less  past  a 
vertical,  varying  &om  20^  to  45^.    On  the  west  side  of  this  ridge  the 
granitic  rocks  nse  up  from  beneath  the  Silurian  beds  over  a  broad  area. 
Many  of  them  are  much  rounded  from  having  formed  tlie  bottom  of  the 
old  Pliocene  lake.    The  irregularities  of  the  surface  are  now  filled  up 
with  these  lake-deposiis.    Passing  beyond  the  ridge  nortjiward  toward 
Helena,  we  come  to  the  broad  valley  of  Crow  Greek,  about  twelve  miles 
wide,  a  stream  which  flows  into  the  Missouri  from  the  west.    The  area 
wIucQ  forms  the  drainage  of  this  creek  is  underlaid  with  granitic  rocks, 
and  neb  placer-mines  are  wrought  in  the  gulches  of  the  small  branches. 
Badeahargh  was  founded  on  the  discovery  of  the  placer- mines,  and  is 
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still  sustained  more  or  less  by  them.  The  limestone-ridges,  which  can 
be  seen  on  either  side  of  this  broad  valley,  are  only  remnants  of  what 
mnst  once  have  extended  over  a  large  area  of  country.  In  the  ridge 
west  of  the  town  of  Badersburgh  the  lower  strata  are  inverted,  inclining 
past  a  vertical  46^,  while  the  Carboniferous  limestones  stand  nearly 
Vertical,  though  the  qnartzites  and  red  sandstones  of  the  Jurassic  are 
either  vertical  or  incline  past  5^.  These  red  Jurassic  beds  I  think  are 
the  same  as  those  shown  along  the  banks  of  the  Missouri,  at  the  Great 
Falls.  The  thickness  of  these  beds  is  greatly  increased  as  we  proceed 
northward,  and  at  this  point  must  be  1,000  to  1,500  feet  thick.  The 
sedimentary  beds  extend  to  Indian  Creek,  and  then  suddenly  disappear, 
and  then  along  the  flanks  of  the  mountains  on  the  west  side  of  the  roaa 
only  a  great  thickness  of  drift-material  is  seen.  The  little  streams, 
which  have  worn  deep  gulches  into  the  mountain-sides,  have  also  worn 
channels  through  the  drift,  Exposing  its  thickness  and  character  very 
clearly. 

The  placer-mines  are  very  extensive.  Some  valuable  silver-mines 
have  been  discovered  in  the  mountains.  The  Missouri  Valley  here 
is  about  twenty  to  twenty-flve  miles  in  width,  with  high  ranges  of 
mountains  on  both  sides.  From  Badersburgh  the  road  passes  over  the 
vertical  edges  of  the  dull,  purplisl#  Jurassic  beds  for  twelve  miles,  to 
Indian  Creek.  The  drift  is  made  up  of  rounded  bowlders  mostly,  and 
must  be  300  to  500  feet  thick.  Extending  eastward  toward  the  Mis- 
souri, in  the  belt  of  sedimentary  beds  between  Badersburgh  and  Indian 
Creek,  may  be  seen  a  rather  level,  rounded,  cretaceous  hill,  so  grassed 
over  that  few  ont-croppings  could  be  ooserved.  I  had  very  little 
opportunity  of  examining  the  rocks  about  Helena,  but  believe  that  they 
are  mostly  granitic,  capped  here  and  there  with  strata  of  the  Silurian 
age.  It  is  also  probable  that  there  are  remnants  of  Carboniferous  b^ls 
in  some  places  in  the  vicinity. 

In  passing^  along  the  stage-road  a  little  west  of  south  from  Helena  co 
the  valley  of  the  Jefferson  Fork,  a  few  patches  of  the  older  Silurian 
beds  are  seen,  while  among  the  low  hills  the  lake-deposits  show  that  the 
entire  country  was  a  vast  fresh- water  lake  at  a  comparatively  modern 
period.  The  high  hills  on  either  side  of  the  road  are  weathered  into 
curiously  rounded  forms  and  covered  with  grass.  Prickly  Pear  Cailon 
is  a  remarkable  district  for  placer-mines.  Water  seems  to  be  abundant. 
The  rocks  are  mostly  rusty-brown  gneisses,  weathering  into  jbrms  much 
like  those  in  the  Laramie  Bange  near  Sherman,  Union  Paciflc  Bailroad. 
These  granitic  rocks  extend  to  the  source  of  Prickly  Pear  Creek, 
and  the  high  hills  on  either  side  are  covered  thickly  with  pines.  Jef- 
ferson City  is  located  among  the  reddish-granitic  hills.  From  the  bead 
of  Prickly  Fear  Creek  we  crossed  the  divide  to  the  valley  of  North 
Bowlder,  and  in  the  val^y  on  either  side  the  massive  granites  rise  in 
low,  singularly-shaped  columns,  piles,  &a,  giving  to  the  region  the  ap- 
pearance of  old  ruins.  Wherever  gold-mines  are  found,  whether  in  the 
lodes  or  gulches^  we  may  be  assured  that  the  gneissic  rocks  are  exposed. 
We  have  up  to  this  time  been  able  to  do  little  more  than  make  a  recon- 
naissance of  one  of  €he  most  interesting  and  instructive  portiongf  of  the 
West,  in  a  geological  point  of  vie  v.  •  The  reports  of  the  surveys  for  1871 
and  1872  can  certainly  claim  to  be  valuable  contributions  toward  the 
geology  of  Montana  and  Idaho,  and  at  some  future  period,  when  the  coun- 
try has  b^omo  more  easily  accessible,  the  work  may  be  resumed  and 
carried  on  to  completion. 

We  have  thus  far  attempted  to  describe  briefly  the  main  geological 
features  of  the  district  explored  by  the  party  during  the  past  season. 
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Vowhere  in  Montana  bare  I  fonnd  the  anticlinal  folds  or  the  synclinal 
valleys  so  distinctly  defined  as  in  the  interior  basin  of  Utah.  Still, 
there  are  frequent  local  synclinals  and  anticlinals,  as  we  find  them 
developed  below  the  Three  Forks.  The  prominent  features,  however,  are 
the  widely-extended  areas  of  elevation,  though  a  single  anticlinal  may 
embrace  several  apparently  distinct  ranges  of  mountains.  Theoperations 
of  the  survey  during  the  past  season  more  strongly  convince  nje  of  the 
position  that  I  have  so  often  taken  in  my  reports,  of  the  originally  wide- 
extended  and  continuous  character  of  the  entire  group  of  sedimentary 
strata;  that  where  that  continuity  is  broken  it  is  the  result  of  upheaval 
attended  with  erosion.  It  is  possible  that  the  later  Tertiary  group  may 
sot  have  been  continuous,  but  existed  in  basins.  But  from  the  Silurian 
to  the  Upper  Lignite  group,  inclusive,  a  thickness  of  10,000  to  15,000 
leet  extended,  in  an  unbroken,  horizontal  mass,  over  nearly  or  quite  the 
entire  area  of  Montana,  and  probably  much  more  widely  j  and  that 
vbat  we  find  remaining  at  the  present  time  are  only  remnants  of  this 
Tast  mass.  Occasionally  the  entire  series  of  formations  is  exposed,  as 
in  the  East  Gallatin  Eange^  where  for  twenty  miles,  on  a  line  from  east 
to  west,  the  entire  series  oi  sedimentary  strata  may  be  seen  from  the 
Silurian  to  the  top  of  the  Lignite  group  in  consecutive  order.  (See  Fi  g.  24.) 
The  groups  of  limestones  and  other  rocks,  as  we  see  them  inclining  from 
tlwTellowstone  Bange,  in  the  Yellowstone  Valley,  show  that  they  once  ex- 
tended unintermptedly  over  the  entire  area,  where  now  mountain-peaks 
rise  amid  perpetual  snows,  11,000  feet  above  the  sea.  The  Silurian  group 
increases  in  importance  as  we  proceed  northward  from  the  Three  Forks, 
srnd  southward  :from  that  point  it  diminishes  in  thickness  and  changes 
very  much  its  mineral  texture.  Toward  the  south  we  find  little  of 
the  thin  shaly  and  mud  layers  with  the  variegated  sandstone,  but  in 
tleir  stead,  a  qnartzite  passing  up  into  a  very  hard,  brittle  limestone. 
Stiil,  we  believe  that  this  group  in  some  form  and  with  greater  or  less 
thickness  underlies  the  greater  part  of  the  Bocky  Mountain  region. 
Abont  the  Black  Hills  of  Dakota  and  the  Big  Horn  Eange,  the  Potsdam 
gronp  presents  a  different  mineral  structure  from  the  rocks  of  the  same 
age  about  the  sources  of  the  Missouri. 

The  Carboniferous  group,  like  most  sea-deposited  rocks,  is  very  widely 
distributed.  It  is  probable  that  it  will  eventually  appear  that  this 
groap  of  beds,  as  it  is  known,  west  of  the  Mississippi  will  be  fonnd  to 
cover  a  wider  extent  of  territory  and  to  maintain  a  more  uniformly 
amilar  mineral  texture  than  any  other  formation  in  the  scale.  By 
wference  to  the  list  of  fossils  prepared  for  this  report  by  Mr.  Meek,  it 
yill  be  seen  that,  even  in  the  most  widely-separated  localities,  there 
is  a  similarity  or  identity  in  the  organic  remains.  Old  Baldy,  at  the 
bead  of  Alder  Gulch,  forms  a  portion  of  a  limestone-ridge  in  which  the 
series  of  beds  is  shown  with  a  vertical  thjpkness  of  1,000  to  2,000 
feet  and  extends  off  to  the  southv/est,  giving  origin  to  the  Stinking 
Water,  Black  Tail  Deer  Creek,  R^  Rock  Creek,  and  many  others. 
These  beds  have  a  general  dip  to  the  southeast.  We  Relieve  also  that 
tlieJnmssic  and  Cretaceous  gronp  had  a  very  wide  extension,  though 
peibaps  not  as  great  as  that  of  the  oider  formations.  They  have  been 
more  extensively  worn  away  so  that  at  the  present  time  they  occur  in 
fragments  among  the  upheaved  mountain-ridges  and  covering  restricted 
areas.  So  far  as  the  position  of  the  sedimentary  rocks  is  concerned, 
*ey  may  pccur  at  any  elevation.  The  beds  may  pass  under  the  lowest 
^leys  or  be  found  capping  the  gneissic  rocks  upon  the  summit  of  the 
Kghest  mountains.  This  is  certainly  not  due  to  any  inequality  of  the 
sarface  of  the  gneissic  rock  prior  to  the  deposition  of  the  succeeding 
^feds,  but  unquestionably  to  upheaval. 
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There  is  one  feature  in  the  geological  stmctore  of  the  moantein 
of  Montaoa)  oba^ret 
by  the  surrey  of  thi 
past  seaHona  for  tbefirs 
time  and  not  aotioect  ii 
SDcli  a  marked  degrei 
in  aof  other  portion  o 
the  West,  aad  that  i^ 
the  inverBioa  of  the  sed 
imentary  beds,  so  tha 
the  oldest  incline  at  i 
greater  or  less  angle  m 
those  of  more  moden 
agea.  Thisphenomenoi 
occara  at  a  noutber  o 
places,   but   the   mos 
marliea  are  in  the  mid 
die  cfulon  of  the  Madi 
son,   at   the    head    o 
Jackass  Creekp  and  ii 
theEaetGallatiurauge 
Several    illustratiooi 
^  are  given  lu  this  repon 
^  which  will,  leuder  tbit 
B  matter  clear.    The  fol 
I  lowing  illastration  rep 
i  resents  a  section  frou 
^  east   to   west   througt 
o  theEastGallatinrauge 
S  (l''ig.  21.)    The  Silariac 
h  strata   incline    past    s 
S  vertical  300  to  50°.  Ti,« 
c  central  portions  of  th< 
"  range   are  Carbonifer 
ons  limestones  and  arc 
nearly  or  quite  vertical, 
while  eastward  the  Ju' 
rassic,  Cretaceous,  and 
ligiiitic  strata  incline 
at  varions  angles  and 
pass  down  in  step-like 
ridges  to  the  valley  ol 
Shields's  Biver,  as  they 
were  gradually  elevated 
by   the    nplUt   of    the 
range.     We   will    not 
enter  into  a  discussion 
here  of  the  origin  ot 
the  forces  that  brought 
aboat  these^esnlts,  but 
it   would   appear   that 
there  were  two  in  ope- 
ration ,  on©  which  raised 
the  mass  vertically,  and 
a   side    or    taugeutiid 
force  which  crowded  the  Silurian  beds  over  past  a  vertical    In  some 
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instanees  «11  the  beds  are  inverted  from  the  Silurian  to  the  lignite 
inclnsive. 

Another  interesting  pqint  I  have  reserved  for  discassion  at  a  more 
favorable  time  is  the  formation  of  canons  and  valleys  of  the  rivers, 
which  enter  into  the  scenery  of  the  country  as  a  most  conspicuous  fea- 
toie.  The  fact  that  the  streams  seem  to  have  cut  their  way  directly 
through  mountain-ranges,  instead  of  following  synclinal  depressions, 
indicates  that  they  began  the  process  of  erosion  at  the  time  of  the  com- 
meDcement  of  the  elevation  of  the  surface.  This  is  shown  all  along 
the  valley  of  the  Yellowstone,  and  mo.re  conspicuously  in  the  valleys 
of  the  Madison  and  Gallatin,  which  have  carved  immense  canons  or 
gorges  directly  through  two  of  the  loftiest  ranges  of  mountains  in  Mon- 
tana. We  believe  that  the  course  of  these  streams  was  ma^rked  out  at 
or  near  the  dose  of  the  Cretaceous  period,  and  as  the  ranges  of  moun- 
taiDs  were  in  process  of  elevatiop  to  their  present  height  the  erosion  of 
the  channels  continued.  The  details  of  the  observations  which  con- 
tribute to  form  this  opinion  would  occupy  a  chapter  or  two. 

The  superficial  or  drift  deposits  which  some  times  attain  a  great  thick- 
ness are  regarded  as  of  local  origin.  As  I  have  so  often  stated  in  my 
previous  reports,  I  have  never  been  able  to  And  any  evidence  in  th 
Becky  Mpnntain  region  of  what  is  usually  termed  a  northern  drift. 
There  are  many  other  points  of  great  interest  which,  if  time  and  oppor- 
tunity ooeor  in  the  years  that  are  to  come,  we  hope  to  treat  as  exhaust- 
ively as  our. observations  will  x)ermit,  and  we  regret  that  we  have  not 
been  able  to  make  more  than  a  passing  allusion  to  them  in  this  report 

The  brief  report  of  Hon.  N.  P.  Langford,  superintendent  of  the  Yel- 
lowstone National  Park,  who  accompanied  the  Snake  River  division, 
will  be  read  with  great  interest  for  its  practical  character.  The  thanks 
of  the  survey  are  extended  to  him,  not  only  for  the  interesting  and  val- 
uable reportj  but  also  for  the  great  services  he  rendered  the  party  while 
on  the  roate.  The  remarkable  feat  of  Messrs.  Stevenson  and  Langford 
m  ascending  the  Grand  Tdton,  which  will  soon  become  familiar  to  the 
reading  public  through  the  pages  of  Scribner's  Monthly,  will  always 
invest  this  region  with  an  interest  second  only  to  the  wonders  of  the 
Kational  Park. 

I  had  expected  a  valuable  report  from  Mr.  William  Blackmore,  who 
aeeompanied  the  survey  for  several  weeks  as  a  guest.  The  survey  is 
under  many  obligations  for  most  valuable  services  from  this  very  liberal 
mkI  Intelligent  gentleman,  and  it  is  proud  to  regard  him  as  one  of  its 
foar  honorary  members.  It  is  probably  due  to  Mr.  Blackmore's  absence 
in  Enrope  that  we  are  deprived  of  his  valuable  views  in  regard  to  the 
laying  out  of  the  park. 

I  would  also  call  attention  to  the  report  of  Mr.  Hering,  which  we  hope 
irill  be  useful  to  rs^ilroad-men  as  well  as  to  th^eneral  public. 
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REPORT  OF  N.  P.  LANGFORD  ON  TOE  RESOURCES  OF 

SNAKE  RIVER  VALL^teY. 

Dear  Sir:  In  compliance  with  your  request,  I  herewith  submit  for 
your  use  a  connected  report  of  the  observations  I  was  enabled  to  make 
while  accompanying  that  portion  of  the  geolof?ical  survey  under  the 
superintendence  of  Mr.  James  Stevenson,  from  Fort  Hall,  Idaho,  to  the 
Geyser  Basin,  Fire-Hole  River,  and  thence  down  the  Yellowstone  and 
on  to  the  Three  Forks  of  the  Missouri.  The  only  knowledge  that  could 
be  obtained  of  the  country  through  which  we  were  to  pass  was  derived 
from  old  trappers',  and  such  accounts  as,  upon  the  faith  of  his  informants, 
Mr.  Irving  had  incorporate  in  his  interesting  volumes  of  Astoria  and 
Bonneville's  Adventures,  neither  of  them  very  flattering  pictures. 

One  grand  object  of  the  survey,  next  to  a  topographical  description 
of  the  countrj',  was  to  ascertain  its  adaptability  for  wagon-road  and 
railroad  improvements  and  its  industrial  resources.  If  it  could  be  made 
accessible  by  these  means,  it  would  present  a  new,  practicable,  and 
much  shorter  route  for  travel  from  the  Union  and  Central  Pacific  Rail- 
roads to  the  settled  portions  of  Montana  Territory  and  to  the  great 
wonders  of  the  Upper  Yellowstone ;  and  it  was  especially  with  a  view 
to  determine  this  question  that  I  noted  the  general  appearance  and 
character  of  the  country. 

To  any  one  who  has  ever  read  in  the  writings  of  Mr.  Irving  the 
various  descriptions  of  the  Upper  Valley  of  Snake  River,  the  idea  of 
penetrating  it  by  a  railroad  would  seem  ludicrous  in  the  extreme ;  but 
in  these  days,  when  railroads  go  everywhere  that  civilization  goes,  we 
may  venture  the  confident  assertion  that  the  day  is  not  far  distant 
when  the  obstructions  of  this  hitherto  unpromising  region  will  be  wholly 
subdued  by  them. 

On  that  part  of  our  route  lying  between  Fort  Hall  and  the  North 
Fork  of  Snake  River,  the  country  is  in  a  great  measure  barren,  being, 
for  most  of  the  distance,  a  sandy  plain.  There  are  a  few  rocky  eminen- 
ces between  Snake  River  Bridge  and  the  North  Fork  of  the  river ;  none, 
however,  which  would  require  a  grade  of  over  50  feet  to  the  mile  or 
any  great  deviation  from  an  air-line.  Any  road  along  this  part  of  the 
route  would  follow  the  general  course  of  the  river,  crossing  its  mean- 
ders, which  are  neither  numerous  nor  large.  Much  of  the  Upper  Valley 
of  Snake  River  presents  on  either  shore  a  level  table  of  trap-rock, 
which  could  be  utilized  as  a  road-bed  with  great  advantage.  The  most 
difficult  part  of  the  entire  route,  as  I  conceive,  would  be  between 
Market  Lake  and  the  month  of  the  North  Fork.  Our  party  deflected  on 
this  route  from  a  direct  course  of  travel  so  as  to  visit  the  Three  T<6tons, 
the  famous  mountain  landmarks  of  Snake  River  Valley.  This  journey 
took  us  some  twenty-two  miles  out  of  our  course.  Soon  after  crossing 
the  North  Fork,  we  began  to  meet  with  evidences  of  a  more  promising 
country.  Bunch-grass  was  found  in  the  richest  profusion,  and  aft^r  a 
few  days'  travel  we  entered  the  T6ton  Basin,  which  lay  spread  out 
before  us  like  the  land  which  Lot  saw  when  he  parted  from  Abraham. 
This  basin  is  more  than  eight  hundred  square  miles  in  extent,  is  cov- 
ered with  perennial  grasses,  well  watered  by  large  streams  fringed  with 
an  abundant  growth  of  cot  ton  wood,  furnishing  sufficient  timber  for  all 
the  practical  purposes  of  life,  while  the  adjacent  mountains  are  covered 
with  tall  pines,  furnishing  the  finest  timber  in  the  world.    The  Boil| 
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receiviDg  ite  nutrition  from  the  detritus  washed  down  from  the  mountains 
and  from  the  deposits  of  frequent  ovei-flows,  is  rich,  deep,  and  strong, 
yielding  readily  to  cnltare.    Ample  facilities  for  irrigation  are  afforded 
by  the  river  and  small  streams  that  feed  it. "  There  is  not  a  finer  stock 
raising  region  on  the  continent.    Favored  in  its  location  with  a  dry, 
pure  atmosphere,  raiii  occurring  only  for  a  few  days  in  the  spring,  snow 
seldom  falling  in  the  valley  of  sufficient  depth  to  bury  the  herbage,  and 
the  weather,  with  the  exception  of  an  occasional  day  in  winter,  never 
so  cold  as  to  render  a  shelter  necessary  for  cattle,  it  seemed  to  us  to 
unite  more  of  the  needful  elements  for  successful  stock-raising  than 
any  other  equal  portion  of  the  ^mountain-region.    My  opinion  in  this 
respect  ha£i  been  fully  realized  by  the  experience  pf  cattle  and  sheep 
raisers  in  like  regions  of  Montana,  who  upon  these  extensive  valley 
ranges,  which  afford  constant  and  abundant  food  both  wititer  and  sum- 
mer, producing  beef  and  mutton  equal  in  fatness  and  superior  in  flavor 
to  the  best  stall-fed  meats  of  Illinois,  have  found  the  country  peculiarly 
favorable  to  the  increase  of  their  flocks  and  herds.    Heifers  give  birth 
to  young  oftener  at  the  age  of  fifteen  to  eighteen  months  than  at  any 
later  period.     Frequently  those  of  more  mature  age  produce  twins,  and 
with  many  flocks  of  ev>^es  a  single  lamb  at  aC  birth  is  an  exception  to 
the  common  experience.    Disease  of  any  kind  is  unknown  among  cattle 
and  sheep,  and  it  is  only  when  the  snowjs  are  very  deep  and  the  weather 
very  cold  that  they  suffer  from  exposure.    With  ordinary  care  and  pro- 
vision this  exigency  could  be  easily  anticipated.    In  addition  to  the 
Tetpn  Basin,  there  is  enough  of  the  Territory  which  we  passed  through 
that  is  thus  favored  to  feed  millions  of  cattle  and  sheep  for  all  time  to  come. 
Nature  has  furnished  this  far-away  region  with  a  valley  and  river  sys- 
tem peculiarly  adapted  to  its  isolated  geographical  position,  and  with- 
ont  which,  even  in  its  present  form,  it  would  be  comparately  valueless. 
Cast  your  eye  upon  the  map  at  the  junction  of  the  three  streams  which 
form  the  Missouri,  the  Jefferson,  Madison,  and  Gallatin..    Each  of  these 
rivers,  divided  from  the  others  by  lotty  mountain-ranges,  flows  through 
abroad  and  fertile  valley  of  great  extent  and  beauty.    These  valleys  are 
from  sixty  to  eighty  miles  in  length,  with  an  average  width  of  ten  miles. 
The  Gallatin  is  the  largest  and  most  picturesque,  and,  perhaps,  the  best 
adapted  of  the  three  4;o  all  the  purposes  of  culture.    The  river,  which 
from  its  source  to  its  mouth  is  a  continuous  torrent,  divides  the  valley 
centrally,  and  furnishes,  by  its  deposits,  a  black  soil  of  a  mile  in  width 
on^either  side,  which  is  covered  for  the  most  part  with  a  dense,  heavy 
growth  of  Cottonwood,  sufficient  for  all  the  purposes  of  fencing  and  fuel 
for  many  years  to  come.    Outside  of  this  continuous  grove  of  cotton- 
wood,  the  valley  spreads  away  on  either  side  of  the  river  a  distance  of 
six  or  eight  miles,  to  the  low  grass-covered  foot-hills,  which  in  their  turn 
extend  to  the  base  of  parallel  ranges  of  lolty  mountains.    Every  foot 
of  the  land  thus  inclosed,  embracing  a  territory  nearly  as  large  as  Ver- 
mont, affords  in  its  natural  condition  the  richest  pasturage  in  the  world. 
By  the  simple  cultivation  of  the  plow  and  harrow,  it  can,  in  a  single  sea- 
son, be  converted  into  a  wheat-field  which  will  yield  an  average  crop  of 
forty  bushels  to  the  acre.    Crops  of  vegetables  raised  in  this  soil*  will 
'  average,  in  size,  one-third  more  and  some — cabbages,  turnips,  and 
especially  beets — one-half  more  than  the  best  root-crops  of  the  Western 
States.    I  have  never  seen  such  abundant  and  perfect  crops  of  wheat, 
oat«,  barley,  potatoes,  and  all  vegetables,  as  are  commonly  raised  in 
these  valleys.    Indian  corn,  unless  of  the  small  flint  variety,  is  an  un- 
certaiu  crop^  on  account  of  the  early  frosts,  and  but  very  little  has  yet 
been  raised  for  haivestinij. 
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The  climate  of  these  valleys  is  very  dry,  no  rain  of  any  conseqnence 
falling  daring  the  snmmer  months,  but  this  want  is  supplied  by  a 
cheap  and  simple. process  of  irrigation,  under  which,  from  the  i'act  that 
water  can  be  supplied  in  abundaDce  whenever  it  is  needed,  crops  thrive 
much  better,  are  much  larger,  and  more  perfect  than  when  they  are  de- 
pending upon  the  uncertain,  capricious,  and  often  untimely  visits  of  rain. 
Ditches  for  irrigating  purposes  are  either  connected  with  the  river  or 
some  of  the  mountain-streams  that  feed  it,  and  are  extended  through 
contiguous  ranches  by  farmers,  who  make  of  them  a  joint-stock  pro- 
perty. The  two  enemies  which  have  been  most  dreaded  by  the  farmer 
thus  far  are  the  grasshopper  and  early  frost.  The  first  of  these  has  now- 
disappeared  ;  the  latter  is  overcome  by  early  sowing  and  planting ;  and 
the  wheat-crop  is  now  regarded  as  more  certain  in  these  valleys  than  in 
any  of  the  States.  It  is  also,  as  a  general  thing,  from  twice  to  three 
times  more  abundant.  But  few  experiments  have  yet  been  made  in  fruit- 
raising,  but  the  prospect  for  the  successful  culture  of  the  hardy  varie- 
ties of  apples  and  pears  is  very  good. 

What  I  have  here  said  of  the  valley  of  the  Gallatin  is  true  of  all  the 
valleys  embraced  within  the  limits  of  the  summer's  explorations. 

At  the  agricultural  fair  held  in  Helena  in  September  last,  the  exhi- 
bition of  farm-products  from  these  valleys  would  have  been  creditable 
to  a  much  older  community,  and  the  stock,  mostly  of  our  own  native 
variety,  would  have  put  to  shame  many  similar  exhibitions  in  the  best 
of  our  stock-raising  States.  There  is  not  one-tenth  part  of  the  arable 
lands  of  these  valleys  yet  occupied,  though  the  development  of  their 
productive  qualities  during  the  past  two  years  has  turned  the  attention 
of  many  of  the  inhabitants  engaged  in  other  pursuits  to  that  of  agricul- 
ture. 

There  is  another  resource  to  which  I  have  barely  alluded,  which,  for 
years  to  come,  must  render  this  region  a  desirable  locality  for  a  large 
class  of  producers.  I  mean  its  facilities  for  stock-raising.  It  is  covered 
with  the  richest  pasturage  in  the  world.  The  bunch  and  buifalo  grasses 
of  the  plains  and  mountain-regions,  unlike  the  tame  grasses  of  the 
States,  ai'e  perennial.  At  the  earliest  approach  of  spring,  and  before 
the  snow  has  left  the  hills,  they  begin  to  appear  fresh  and  green.  The 
spring  rains,  which,  though  of  brief  duration,  are  in  many  localities  pro- 
fuse, give  them  strength  and  expansion  and  they  retain  their  verdure 
through  the  heat  of  midsummer.  The  dryness  of  the  season  prevents 
their  decay,  and  the  heat  of  the  sun  gradually  cures  them  in  the  blade, 
so  that  they  retain  all  the  nourishment  in  the  dried  stalk  and  leaf  of 
the  best-preserved  hay.  They  continue  in  this  condition  throughout 
the  winter,  and,  at  all  times,  except  when  storms  are  excessive  or  snows 
are  very  deep — not  common  occuixences  in  the  valleys — the  cattle  feed 
upon  them  and  grow  fat  through  all  the  cold  months.  Farmers  and 
owners  of  large  herds  of  cattle,  who  put  up  hay  as  a  precautionary 
measure,  seldom  have  occasion  to  use  it  at  all,  and  never  unless  an  exi- 
gency like  that  I  have  just  mentioned  occurs.  In  the  spring  the  green 
blade  shoots  out  from  the  root  of  the  previous  year,  imparting  renewed 
life  to  the  entire  herbage  of  the  valleys  and  adjacent  foot-hills.  With 
the  exception  of  the  mountain-ranges,  which  are  either  bare  rocks  or 
covered  with  pines,  the  surface  is  one  entire  pasture.  No  country  in 
the  world  affords  superior  facilities,  uniting  convenience  with  economy, 
to  stock-raisers.  The  meats  perfected  on  these  grasses  are  extremely 
fat  and  succulent  and  of  rich  flavor.  The  products  of  the  dairy  are 
proportionably  larger,  and  the  ranchman  who  owns  a  dozen  good  cows  in 
the  vicinity  of  any  of  the  larger  towns  has  in  his  possession  the 
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dements  of  a  comfortable  present  subsistence  and  of  a  certain  fortune 
in  the  fatore.  Milk,  butter,  and  cheese  command  a  ready  sale,  at  high 
prices.  Already  numerous  flocks  and  herds  are  to  be  seen  in  these  val- 
leys^  and  those  who,  but  five  or  six  years  ago,  engaged  in  the  business 
of  stock-raising,  with  a  dozen  cows,  are  now  the  owners  of  herds  num- 
bering hundreds. 

There  are  large  bodies  of  land  in  the  T6ton  Basin,  and  in  the  valleys 
along  the  streams  flowing  into  Snake  Biver,  which  may  be  profitably 
coltivated  with  wh^at  and  vegetables.  Water  fq^  irrigation  in  abund- 
ance, flowing  from  the  surrounding  mountains,  may  be  cheaply  and 
easUy  utilized.  A  railroad  along  the  north  fork  of  the  Snake  would 
pass  within  ten  miles  of  this  basin,  and  the  route  for  this  distance  could 
be  readily  improved  by  a  wagon-road.  The  foot-hills  and  mountains 
sononnding  the  valley  are  covered  with  dense  forests  of  pine.  Lum- 
bering must  nltimately  become  a  very  extensive  and  profitable  branch 
of  basiness  over  nearly  all  parts  of  the  route  from  Market  Lake  to  the 
Yellowstone.  The  streams  are  very  numerous,  and  all  famish  abundant 
water-power  for  both  saw  and  grist  mills.  There  is  no  better  market 
for  this  product  in  the  west  than  western  and  northern  Utah.  This 
business  alone  will,  in  time,  warrant  the  construction  of  a  railroad  over 
this  route,  to  say  nothing  of  its  various  sources  of  revenue  derivable 
inom  a  connection  with  the  settled  portions  of  Montana  Territory. 

We  carried  out  the  intention,  with  which  we  started,  of  visiting  and 
properly  locating  the  three  T6cons,  and  of  ascending  to  the  summit  of 
the  highest  of  them.  Assured  by  our  guide,  and  others  who  had  long 
been  familiar  with  the  country,  that  it  ^ould  be  impossible  to  clamber 
up  this  mountain,  that  though  repeatedly  attempted  it  was  a  feat  which 
had  never  been  achieved,  we  did  not  undertake  the  task  without  great 
misgivings  as  to  the  result  The  most  northerly,  or  Grand  Tdton,  which 
has  received  the  name  of,  and  will  hereafter  be  known  as,  Mount  Hay- 
den,  presents  to  the  eye  an  outline  very  similar  to  that  of  the  Matter- 
horn  in  the  Alps.  Its  very  appearance,  unlike  that  of  most  of  our 
mountains,  seems  to  forbid  all  attempts  to  scale  it,  and  for  most  of  the 
distance  the  ascent  can  only  be  accomplished  by  climbing  with  both  feet 
and  hands.  The  face  of  the  mountain  presents  an  angle  never  less  than 
450  and  frequently  60°,  much  more  abrupt  than  the  steepest  stairways. 
Glaciers  of  greater  or  lesser  dimensions  are  met  with  every  few  hun- 
dred feet,  and  in  several  instances  they  proved  almost  insurmountable. 
The  irregular  stratifications  of  the  rocks  were  often  such  as  to  leave  us 
with  no  support  other  than  our  hands  at  points  and  turnings  where  a 
fiiilnre  in  our  hold  would  have  precipitated  us  hundreds  of  feet  down  the 
face  of  the  mountain.  At  on^  or  two  points  when  nearing  the  summit 
we  woald  have  been  obliged  to  abandon  the  task  but  for  the  aid  we  re- 
ceived by  easting  a  rope  over  prominent  projections  and  pulling  our- 
selves over  them,  to  places  where  we  could  obtain  secure  footholds.  In 
one  of  these  efforts  Mr.  Stevenson  came  near  losing  his  hold  and  fall- 
ing down  a  precipice  nearly  a  thousand  feet  Another  of  our  company, 
while  ascending  along  the  edge  of  a  glacier,  losing  his  hold,  slid  down 
a  smooth  ridge  of  ice,  a  distance  of  40  feet,  with  fearful  rapidity.  His 
own  presence  of  mind,  in  hastily  throwing  himself  astride  the  edge  of 
the  glacier  and  descending  it  in  that  position,  caused  him  to  fall  into  a 
Bnowbed  at  the  bottom,  and  on  the  extreme  edge  of  the  precipice.  This 
saved  him  from  falling  at  least  800  feet  Of  nine  of  the  company  who 
commenced  the  ascent  Mr.  Stevenson  and  myself  were  alone  successful. 

We  found  on  one  of  the  buttresses,  a  little  lower  than  the  extreme  top 
of  the  mountain,  evidence  that  at  some  former  i)eriod  it  had  been  visited 
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by  haman  beings.  There  was  a  circular  inclosare  about  seven  feet  in 
diameter,  formed  by  vertical  slabs  of  rough  granite,  and  about  three 
feet  iu  height,  the  interior  of  Avhich  was  half  filled  with  the  detritus 
that  long  exposure  to  the  elements  had  worn  from  these  walls.  It  could 
not  have  been  constructed  less  than  half  a  century  ago,  when  Indiana 
only  inhabited  this  region. 

The  summit  of  the  T^ton  is  very  small,  not  more  than  30  by  40  feet 
in  diameter,  with  a  precipitous  descent  on  all  sides.  Its  height,  by  tri- 
angular measurement,  is  13,833  feet.  The  .view  from  it  embraces  the 
vsiUey  of  the  Snake  Etver  and  territory  contiguous,  over  a  diameter  of 
at  least  one  hundred  and  sixty  miles.  For  grandeur,  vastness,  and  va- 
i:iety  it  is  nowhere  excelled  in  the  region  of  the  Uocky  Mountains. 
Should  the  railroad  to  the  Upper  Yellowstone  pass  through  this  valley, 
the  T^ton  Range  would  form  one  of  the  attractive  features  of  a  visit  to 
that  wonderful  country. 

On  our  descent  of  the  mountain,  while  yet  at  a  height  o^  10,300  feet, 
we  crossed  a  lake,  GOO  yards  long  by  200  wide,  of  perpetual  ice,  which 
in  thickness  was  about  three  feet,  not  unlike  in  character  the  descrip- 
tions given  of  the  most  elevated  glaciers  of  the  Alps.  Passing  over  the 
immense  snow-fields  which  covered  the  plateau  adjoining,  we  descended 
into  the  gra^s-covered  valley  which  bordered  the  T6ton  River,  and  pur- 
sued the  most  direct  course  to  the  north  or  Henry's  Fork  of  Snake 
Eiver.  Along  the  margin  of  this  stream  we  traveled  over  a  solid  na- 
tural road-bed  to  its  source  in  Sawtelle's  or  Henry's  Lake.  This  part  of 
the  country  is  peculiarly  favorable  for  railrQad  improvements.  The 
grades  would  be  very  light,  not  exceeding  20  feet  to  the  mile,  and  for 
much  of  the  distance  very  little,  if  any,  excavation  would  be  necessary 
to  prepare  the  ground  for  the  track.  There  are  some  obstructions  from 
fallen  timber  along  the  entire  route,  which  can  be  removed  without  dif- 
ficulty. Doubtless  in  a  country  so  full  of  irregularities  of  one  kind  and 
another,  the  foot-hills  and  mountains  would  present  occasional  interru^v 
tions  to  a  direct  course,  but  it  surprises  one,  in  i)assing  over  the  country, 
to  see  how  few  these  interruptions  are  and  how  readily  they  may  be 
overcome. 

In  our  explorations  from  the  T6ton  Basin  to  the  north,  we  carefully 
observed  the  four  passes  on  the  north,  east,  west,  and  south  of  Saw- 
telle's  Lake,  each  one  of  which  will  doubtless  be  particularly  described 
by  Mr.  Stevenson.  These  passes  are  equally  favorable  for  all  kinds  of 
road  improvements.  Our  company  passed  through  the  east  or  Tyghee 
Pass,  entering  the  valley  of  the  Madison.  Noperson  unacquainted  with 
the  topography  of  the  country  would  believe  while  crossing  this  pass 
that  he  was  crossing  the  summit  of  the  Rocky  Range.  The  same  may 
be  said  of  the  other  three  passes  in  the  ifhmediate  vicinity,  each  point- 
ing to  a  separate  point  of  the  compass.  From  the  point  of  entrance 
into  the  valley  of  the  Madison,  down  that  river  to  its  junction  with  the 
Jefferson  and  Gallatin  at  the  Three  Forks,  there  are  no  serious 
obstructions  to  a  railroad.  Two  of  the  caiions  would  require,  perhaps, 
to  be  shelved  for  a  roadway,  in  all,  for  a  distance  of  about  twenty-five 
miles.  No  more  direct  route  for  a  railroad  from  Utah  to  the  settled 
portions  of  Montana  can  be  found  •than  that  from  the  junction  of  the 
Union  and  Central  Pacific  Railroads  to  Fort  Hall ;  thence  up  Snake 
River  to  the  head  of  the  North  Fork ;  thence  by  either  the  Sawtelle  or 
the  Targee  Pass,  down  the  Madison  to  the  Three  Forks,  passing 
within  twelve  miles  of  Virginia  City,  the  capital  of  Montana;  thence, 
through  the  valleys  of  the  Missouri  and  Prickly  Pear,  to  Helena;  and 
there  are  no  engineering  difiiculties  which  cannot  be  easily  overcome. 
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An  enterprise  of  sach  comprehensive  utility  as  tbis  road  should  not 
snCTer  a  moment's  delay  in  the  work  necessary  to  its  speedy  completion 
Tor  want  of  capital ;  for  where  can  an  investment  be  found  which  will 
be  safer  or  more  certain  of  a  profitable  return  f 

A  single  calculation  based  upon  one  source  of  its  revenues  will  demon- 
strate how  speedy,  certain,  and  abundant  must  be  the  return  made  by 
tills  enterprise  after  its  completion.  The  present  population  of  Mon- 
tana, at  a  very  moderate  estimate,  is  twenty-five  thousand,  who  are  all 
anxiously  loolung  forward  to  the  time  when  they  will  be  connected  with 
the  States  by  rail.  Suppose  (and  this  calculation,  at  the  prices  which 
now  prevail  in  Montana,  and  which  the  inhabitants  of  that  Territory  can 
afford  to  pay  for  all  the  necessaries  of  lite  not  obtainable  from  the  soil, 
is  much  too  low)  that  each  one  of  this  number  pays  an  average  sum  of 
$200  more  x)er  annum  for  groceries,  dry -goods,  wearing  apparel,  &c., 
than  at  Omaha  or  San  Francisco  for  like  articles.  As  the  merchants  of 
Montana  do  not  make  greater  profits  on  their  sales  than  do  the  mer- 
chants of  those  cities,  this  $200  per  capita,  aggregating  $5,000,000 
per  annum,  is  paid  for  the  transportation  of  goods,  the  larger  portion 
of  it  being  now  received  by  the  Upper  Missouri  River  transportation 
companies,  but  which  will  nearly  all  go  into  the  treasury  of  this  road 
when  completed,  to  be  shared  by  it  with  the  Union  Pacific  and  Central 
Pacific  Eailroads.  With  the  tide  of  emigration  flowing  into  this  Terri- 
tory in  anticipation  of  the  completion  of  this  road,  it  is  but  reasonable 
to  suppose  that  this  population  will  be  doubled  when  that  event  occurs. 
Of  course  the  revenua  will  be  correspondingly  increased  from  this  one 
source,  but  by  no  means  the  most  profitable  source  of  income  to  the 
road. 

To  this  is  to  be  added  what  the  road  may  reasonably  anticiiiate  from 
the  great- wheat  fields  of  Montana,  from  its  inexhaustible  timber,  from 
its  silver-mines,  from  its  stock-growers,  and  from  the  great  stream  of 
transient  travel  for  business,  pleasure,  and  observation.  A  few  years 
only  can  elapse  before  the  marvels  of  the  Upper  Yellowstone,  its  gey- 
sers, boiling  mud-springs,  and  sulphur  mouhtaius,  the  Great  Falls  of  the 
Missouri,  the  singular  scenery  of  the  Bad  Lands  below  Fort  Benton, 
the  picturesque  beauties  of  the  Prickly  Pear  Canon,  and  the  stupendous 
architecture  of  the  Eocky  Mountains  will  attract  thousands  of  visitors 
annually  to  that  distant  country  to  view  the  wonders  of  nature  and  the 
grandeur  of  our  mountain-scenery.  This  enterprise  cannot  without 
sacrifice  be  delayed  a  day  longer  than  competent  force,  abundant  means, 
and  ample  material  require  to  convert  the  project  into  an  established 
fact 

There  were  very  many  incidents  connected  with  our  journey  which 
would  prove  of  great  interest  to  the  general  reader.  Many  of  these 
have  met  the  public  eye  through  the  correspondence  of  the  gentlemen 
who  accompanied  us,  and  others  doubtless  will  be  used  to  embellish  the 
various  articles  which  may  hereafter  appear  in  our  magazines,  descrip- 
tive of  the  marvelous  region  which  we  explored.  Let  us  hope  that  the 
time  is  not  far  distant  when  the  geysers,  cataracts,  lakes,  hot  springs, 
aDd  magnificent  mountain  scenery  of  our  national  park  will  become  as 
familiar  to  the  world  of  art  as  Niagara  and  Yosemite,  both  of  which 
they  ^o  greatly  surj)ass. 

K  P.  LANGFORD, 
Superintendent  of  tlie  Yellowstone  National  Parh. 
Dr.  F.  V.  Hayden, 

United  States  Geological  Survey^  Washingtony  D:  C, 
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MEANS  OF  ACCESS  TO  THE  YELLOWSTONE  NATIONAL  PAEK  BY  RAIL- 

EOADS. 


SiE :  As  the  park  will  soon  become  an  object  of  general  interest,  and 
be  the  resort  of  thousands  of  visitors,  the  question  of  proper  and  con- 
venient access  is  of  great  importance  at  present.  A  journey  by  wagon 
from  the  Central  Pacific  or  Northern  Pacific  Railroads  would  prove  long 
and  tedious ;  we  must,  therefore,  look  for  a  railroad  to  carry  tourists 
within  a  much  shorter  distance  from  the  i)ark,  allowing,  if  any,  but  one 
or  two  days'  journey  by  wagon.  A  project  for  such  a  road  has  already 
been  conceived,  but  encountered  pecuniary  difficulties  sufficient  to  im- 
pede its  immediate  construction.  As  this  line  would  become  the  main 
route  connecting  the  Central  Pacific  or  Union  Pacific  Railroad -with  the 
Northern  Pacific  Railroad,  and  also  furnish  the  best  means  of  reaching 
the  land  of  wonders,  a  few  detailed  remarks  in  regard  to  distances  and 
elevations  will  show  its  entire  practicability. 

Branching  ofl:'  from  the  Central  Pacific  Railroad  at  Corinne,  Utah, 
the  line  would  run  up  Malade  Valley  with  a  very  gradual  and  regular 
ascent  toward  the  n6rth,  cross  the  divide  from  Salt  Lake  waters  into 
Pacific  waters,  with  a  grade  of  not  more  than  100  feet  per  mile,  follow 
down  Marsh  Valley  to  the  Port  Neuf  River,  and  wind  with  a  grade  of 
less  than  30  feet  per  mile  into  the  open  and  flat  country  we?t  of  Fort 
Hall.  The  distance  from  Corinne  to  this  point  would  not  exceed  one 
hundred  and  twenty-five  miles.  It  would  then  take  a  northeasterly 
course  for  about  sixty  miles  and  cross  Snake  River  at  a  point  about 
five  miles  east  of  the  mouth  of  Henry's  Pork.  This  country  being  gen- 
erally level  j  the  question  of  grade  could  not  be  of  interest.  From  that 
point  the  route  would  be  unquestionably  taken  toward  the  north-north- 
east, following  up  the  valley  of  Henry's  Fork  to  the  lake  near  its  source, 
where  it  would  be  two  hundred  and  thirty-five  miles  from  Corinne. 
Thence  crossing  the  very  low  divide  in  Raynold's  Pass  at  about  50  feet 
per  mile  into  the  Madison  Valley,  it  would  follow  it  down  to  the  settle- 
ments of  Montana  and  connect  with  the  Northern  Pacific  Railroad. 

From  points  along  this  line  either  wagon  or  rail  roads  can  be  built 
with  no  unusual  expense  to  all  the  principal  parts  of  the  park,  and  I 
will  now  endeavor  to  give  as  detailed  a  statement  of  the  most  practica-  ' 
ble  lines  as  a  general  reconnaissance  of  the  ground  will  permit.  This 
railroad  would  give  aecess  to  the  park  from  the  south  and  west.  The 
country  east  of  the  park  appears  to  be  unfitted  for  approach  by  roads, 
as  the  Big  Horn  and  Wind  River  Mountains  form  a  continuous,  steep, 
and  rough  barrier. 

The  principal  objects  of  interest  within  the  limits  of  ther  park  to  be 
reached  by  roads  are  the  Geyser-basins,  the  Yellowstone  Lake,  with 
Mount  Sheridan  to  the  south,  and  the  Grand  Caiion  of  the  Yellowstone, 
including  the  Falls.  Mammoth  Hot  Springs  can  be  passed  on  a  line  of 
a  northern  approach  from  Fort  Ellis,  which  has  been  examined  by  Mr. 
Gannett.  As  these  points  are  all  situated  on  the  Atlantic  slope,  and 
the  proposed  railroad  ft'om  Corinne  to  Montana  is  in  the  valley  of 
Henry's  Fork,  which  drains  into  the  Pacific,  and  where  we  intend  to 
branch  off,  it  will  first  be  necessary  to  examine  the  passes  over  the  main 
Rock}^  Mountain  water-shed.  There  is  in  the-southern  part  of  the  park 
^  very  flat,  open  pass,  if  at  all  deserving  that  name,  situated  between 
Lewis  and  Yellowstone  Lake,  which  can  be  crossed  with  a  grade  of  only 
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90  feet  per  mile.  Farther  west  another  low  divide  is  foand  between 
ShofihoDe  Lake  and  the  Fire-Hole  Biver,  which  can  be  passed  with  a 
grade  of  not  over  105  feet  per  mUe.  Following  the  water-shed  in  a 
northwesterly  direction  it  gently  varies  in  elevation  and  can  be  crossed 
by  wagon-roads  at  many  points.  For  a  railroad  the  Tyghee  Pass  is  the 
next  and  last  available  one.  Another  obstacle  in  the  way  of  approach 
from  the  south  of  the  x>ark  might  be  seen  in  the  T6ton  Eange^  bnt  on 
closer  examination  a  pass  is  discovered  near  the  southwest  corner  of  the 
park  where  that  grand  chain  diminishes  so  considerably  in  height  and 
mggedness  that  comparatively  easy  grades  for  a  railroad  can  be  obtained. 
Finding  no  serious  obstruction,  therefore,  we  proceed  to  consider  the 
Qiecial  localities  best  adapted  for  lines  of  approach. 

Commencing  in  the  south  we  first  propose  a  route  which  is  equally 
well  suited  for  a  wagon  orrail  road,  as  the  grade  is  easy  and  water  and 
timber  are  abundant. 

Leaving  the  above-described  proposed  railroad  from  Oorinne  to  Mon- 
tana a  few  minutes  north  of  the  forty-fourth  parallel,  in  the  valley  of 
Henry's  Fork,  it  would  run  eastwardly,  following  up  the  valley  of  Falls 
Biver.  For  thirteen  miles  the  average  grade  would  be  41  feet  per  mile, 
for  the  next  twenty  miles  it  would  be  61  feet  per  mile,  which  would 
king  the  road  to  the  western  slope  of  the  T6ton  Bange  through  a  slightly 
nndolating  country.  At  the  mouth  of  Falls  Biver  Pass  the  most  difEi- 
<Hilt  portion  of  the  whole  line  would  commence  and  extend  for  six  miles 
up  to  the  divide  near  the  Beulah  Lakes.  It  would  require  an  average 
grade  of  06  feet  per  mile,  reaching  an  elevation  of  about  7,525  feet.  The 
TnJley  ascends  gradually  and  presents  no  serious  difficulty  in  obtaining 
*  oniform  grade  for  the  entire  distance.  In  ents&ring  Falls  Biver  Pass 
we,  at  the  same  time,  enter  a  gateway  of  the  park,  as  the  boundary-line 
erosaes  at  the  entrance.  OnMdually  ascending,  the  road  leads  through 
a  fine  valley  a  few  miles  wide,  bordered  on  both  sides  with  rocky  bln&^ 
iiidosing  a  beautiful  river  which,  taking  its  source  from  five  enormous 
Bprings  breaking  out  of  the  steep  rocky  walls  and  thence  flowing 
through  the  Lower  Beulah  Lake,  descends  the  valley  in  a  number  of 
nqpids  and  falls  which  have  suggested  its  name.  The  largest  fall,  146 
feet  in  height,  is  surrounded  by  a  grotesque  group  of  columns  of  rock 
much  like  Tower  Falls  near  the  YeUowstone  Biver.  After  reaching  the 
lakes,  the  road  would  continue  eastwardly  for  about  six  miles,  rising 
with  a  very  slight  grade  and  following  tl^e  northern  slope  of  the  valley 
over  a  divide  hardly  perceptible,  and  not  to  be  located  without  careful 
examination.  Here  it  reaches  the  valley  of  the  Union  or  Lake  Fork  of 
Snake  Biver,  entering  upon  a  plateau  or  mesa  from  which  the  river 
caa  be  seen  several  hundred  feet  below,  flowing  through  a  steep  and 
^oomy  canon.  On  either  side  of  the  canon  the  ground  is  gently  rolling 
and  is  well  ^tted  for  a  road,  especially  upon  the  eastern  bank.  Follow- 
ing nearly  parallel  with  the  river  a  distance  of  eleven  miles,  we  would 
be  bronght  to  Lewis  Lake,  at  the  foot  of  Mount  Sheridan,  which  could 
be  e^ly  visited  from  this  point.  It  is  the  loftiest  peak  of  a  prominent 
gnmp,  entirely  surrounded  by  comparatively  flat  country  and  affording 
the  most  extensive  panoramic  view  of  any  mountain  in  the  park.  A 
more  minute  description  of  this  peak  can  be  found  elsewhere  in  the 
nport  From  Lewis  Lake  it  would  be  advisable  to  separate  into  two 
biiancbes,  one  taking  a  northwesterly  course  to  the  Geysers  and  another 
a  northeasterly  to  the  YeUowstone  Lake,  Biver,  and  Caiion.  The  first- 
mentioned  could  take  the  following  route :  About  ten  miles  on  a  level 
to.  Shoshone  Geyser  Basin ;  thence  four  miles,  with  a  grade  of  70  feet 
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per  mile,  to  the  main  Eocky  Monntain  divide,  at  an  elevation  of  8,717 
I'eet,  from  whence  a  descent  of  105  feet  per  mile  for  five  miles  would 
bring  the  line  into  the  valley  of  the  Fire-Hole  Eiver ;  following  this 
riyer  for  an  additional  five  miles,  with  a  grade  of  37  feet  per  mile, 
the  railroad  would  be  amidst  the  grand  geysers  of  the  Upper  Basin. 
Proceeiding  eight  miles  further,  with  a  descent  of  17  feet  per  mile,  it 
would  arrive  at  the  Lower  Basin,  which  would  form  the  terminus  to  this 
branch  of  the  lino.  The  other,  diverging  northeasterly  from  Lewis 
Lake,  would  cross  the  main  Bocky  Mountain  water-shed  within  five 
miles,  at  a  grade  of  43  feet  per  mile,  and  descend  to  the  Hot  Springs  at 
Yellowstone  Lake  within  three  miles,  at  a  jgrade  of  94  fe^t  per  mile.  No 
difficulty  in  grade  would  now  be  met  with  either  along  the  shores  of  the 
lake  or  down  the  valley  of  the  Yellowstone  Biver  to  the  falls  and  Grand 
Canon. 

The  following  is  a  review  of  distances  and  elevations  on  this  route, 
commencing  at  the  point  where  11  would  leave  the  main  railroad  in 
Henry's  Fork  Valley. 


Henry's  Fork  Valley 

Fall8  River 

Entrance  to  pass 

Beulah  Lakes 

Union  Fork ^...•... 

Lewis  Lake 

Hot  Springs^  Yellowstone-  Lake 

Yellowstone  Falls 

Shoshone  Geyser  Basin    

Divide 

Upper  Geyser  Basin  i 

Lower  Geyser  Basin 


Distance  from 
Henry's  Fork 
in  miles. 


0 
13 
33 
39 
45 
56 
64 
94 
66 
70 
80 
88 


Distance  from 
Corinue  in  miles. 


145 

158 
178 
184 
190 
201 
209 
2;'>9 
211 
215 
225 
233 


Elevatioa 

in  feet. 


5,130 
6,670 
6,950 
7,525 
7,800 
7,828 
7,788 
7,700 
7,880 
8,717 
7,390 

7,a6e 


Having  thus  followed  the  entire  line  of  the  route  through  Falls  River 
Pass  to  the  principal  points  of  interest,  we  now  will  examine  a  second 
route  running  through  the  Tyghee  Pass,  which  presents  equiU  facilities 
for  a  railroad. 

Leaving  the  proposed  Corinne  and  Montana  Railroad  at  Henry's  Lake, 
a  distance  of  six  miles  with  a  slight  upward  grade  would  bring  it  to 
the  Tyghee  Pass,  and  the  divide  could  be  reached  within  four  miles,  at 
a  grade  of  130  feet  per  mile.  The  Madison  or  Fire-Hole  River  Valley 
now  lies  open  before  us,  and,  gradually  descending,  the  line  would  fol- 
low the  northern  slope  of  the  mountains  down  to  the  level  of  the  river. 
With  a  gradual  ascent  of  10  feet  per  mile  it  would  follow  up  the  valley, 
entering  the  park  at  the  entrance  to  the  caHon  to  Gibbon's  Fork,  a  dis- 
tance of  twenty -three  miles  from  Tyghee  Pass.  From  this  point  the 
Lower  Geyser  Basin  is  reached  within  eight  miles,  at  a  grade  of  70  feet 
per  mile,  where  the  line  would  connect  with  the  first  route  described  as 
approaching  the  park  through  the  Falls  River  Pass. 

The  following  statement  of  distances  and  elevations  along  the  second 
route,  starting  at  Henry's  Lake,  will  review  the  line : 
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Henry's  Lake 

Tj«rbeePa88 

Gibbon's  Fork 

Lower  GejMT  Basin 

Upper  Geyaer  Basin 

Divide 

SixKhone  Geyser  Bc^in 

Lewis  Lake 

Hot  SpriogSy  Yellowstone  Lake 
Yellowstone  Falls 


Distance  from 
Henry's  Lake. 


0 
10 
33 
40 
48 
58 
62 
72 
80 
110 


Distance  from 
Corinne. 


235 
245 

268 
275 
283 
293 
297 
307 
315 
345 


Elevation. 


6,443 

7,063 
6,808 
7,260 
7, 390 
8,717 
7,881 

7,8;» 

7,788 
7,700 


A  distance  of  six  miles  may  be  saved  by  running  from  divide  directly 
to  the  outlet  of  Yellowstone  Lake.  Tiy  a  comparison  of  the  two  tables 
of  distances  an  opinion  may  be  formed  as  to  the  best  route.  Both  are 
mthin  a  short  distance  of  rivers  which  never  run  dry,  and  both  run 
over  thickly-timl>ered  lands.  In  all  the  high  regions  of  that*  country 
there  is  bat  little  soil  and,  therefore,  excavations  are  mostly  rendered 
very  expensive  by  being  in  rock.  However,  this  is  a  disadvantage  per- 
taining equally  to  both  routes  and,  therefore,  favoring  the  shorter  dis- 
tance. All  the  trappers  throughout  the  whole  region  state,  concerning 
the  climate  during  the  winter,  that,  although  there  is  heavy  snow,  it  is 
rarely  accompanied  by  winds,  so  that  drifts  arc  rare  exceptions.  This 
will  also  apply  equally  to  both  routes  and  the  maintenance  of  railroads 
generally. 

Hoping  sincerely  that  the  above  will  funiish  an  incentive  toward 
opening  this  grand  and  wonderful  park  to  the  multitudes,  both  at  home 
and  abroad,  that  are  ever  anxiously  seeking  instruction  and  pleasure,  I 
remain,  yours  respectfully, 

B.  BERING. 

Professor  F.  V.  Hayden, 

United  States  Oeologtst 
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REPORT  OF  A.  C.  PEAIE,  M.  D. 


Washington,  D.  0. 

Deab  Sib  :  I  have  the  honor  ta  transmit  herewith  my  report  for  the 
Beasou  of  1872.  I  have  divided  it  into  six  chapters.  The  first  I  have 
devoted  to  the  description  of  a  short  trip  into  Colorado  and  Utah,  made 
before  the  organization  of  the  party  was  completed.  The  second  chapter 
coDtaius  an  acconnt  of  our  progress  from  Fort  Ellis,  Montana  Territory, 
to  Gardiner's  River,  in  the  Yellowstone  National  Park,  including  an 
account  of  the  Hot  Springs  at  the  latter  place.  The  third  chapter  con- 
tains a  description  of  the  springs  in  the  Yellowstone  Valley  from  Gar- 
diner's River  to  Yellowstone  Lake.  The  fourth  chapter  is  devoted  to 
the  geyser-basins  of  Fire-Hole  River. 

The  time  we  were  in  the  geyser-basins  was  somewhat  limited,  and  the 
obeervations  must  therefore  be  to  some  extent  necessarily  incomplete. 
To  ivork  up  this  most  interesting  section  thoroughly  will  require  the 
time  of  at  least  one  entire  season,  so  that  data  may  be  obtained  as  to 
tbe  iofiuence  the  different  portioas  of  the  year  may  have  upon  the 
geysers.  Then,  also,  more  could  be  definitely  learned  in  regard  to  their 
regularity  or  irregularity.  As  far  as  the  time  permitted,  I  have  endeav- 
ored to  make  the  observations  as  complete  as  possible. 

At  this  point  I  wish  to  express  my  thanks  to  Dr.  F.  M.  Endlich,  of 
tbe  Smithsonian,  for  assistance  rendered  in  analysis.  That  I  am  able 
to  present  so  many  analyses,  especially  of  specimens  from  the  geysers, 
is  due  largely'  to  his  assistance.  I  wish  also  to  refer  to  Mr.  W.  B.  Piatt, 
of  the  expedition,  who  also  assisted  in  analysis. 

My  fifth  and  sixth  chapters  I  have  devoted  to  the  consideration  of  the 
Madison  and  Gallatin  Valleys.  Appended  to  the  report  are  catalogues 
of  the  rocks  and  minerals  collected  during  the  summer.  I  have  incor- 
porated in  them  the  specimens  collected  by  both  branches  of  the  expe- 
dition. I  have  also  done  the  same  in  the  catalogue  of  thermal  springs, 
which  is  appended  to  the  report.  In  the  latter  catalogue  I  have,  for  the 
sake  of  comparison,  included  observations  of  some  of  the  springs  taken 
in  previous  years  (principally  by  Long  and  by  Fremont)  wherever  there 
was  no  doubt  as  to  the  localities  being  the  same. 

The  collections  of  geyserite  this  year  are  particularly  large,  and  pre- 
Bent  all  the  varieties  in  form  and  texture  to  be  found  in  the  region. 

In  conclusion  I  wish  to  express  my  thanks  to  all  the  members  of  the 
expedition  for  their  uniform  kindness  and  co-operation.  I  would  refer 
particularly  to  3Ir.  T.  O'C.  Sloane,  who  for  a  while  acted  as  my  assistant, 
and  who,  by  his  zeal  and  activity,  contributed  largely  to  the  collections. 

To  the  editors  of  the  "  Kew  York  Illustrated  Christian  Weekly"  I  am 
indebteil  for  some  ot*  the  best  wood-cuts  illustrating  my  report. 

Trusting  this  report  may  prove  satisfactory,  I  have  the  honor  to  be 
your  obedient  servant, 

A.  C.  PEALB. 

Dr.  F.  Y.  Ha^tden, 

United  States  Qeohffkt, 
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CHAPTER  L 

COLOEADO  AND  UTAH. 


While  the  expedition  was  being  organized  at  Ogden,  Utah  Territory, 
Mr.  W.  H.  Jackson  was  ordered  to  make  a  photographic  tour  through  a 
portion  of  Colorado.    Fortunately,  I  was  able  to  accompany  him,  and 
while  assisting  him  took  a  few  notes  in  regard  to  the  lithology  and  geol- 
ogy of  the  places  we  visited.    Colorado  City  and  Golden  City  were  our 
principal  points,  and  it  is  of  them  I  will  speak  more  particularly.     We 
were  limited  as  to  time,  and  the  area  over  which  we  passed  was  so  small 
that  I  shall  have  to  restrict  all  I  have  to  say  to  each  immediate  locality ; 
still  1  hope  it  may  not  be  without  some  little  interest.  We  left  Omaha  on 
the  20th  of  May,  and  the  following  evening  reached  Denver,  in  Colorado 
Territory.    In  passing,  let  me  say  a  word  or  two  about  Denver.    Thirteen 
years  ago  a  log-cabin  rejiresented  this  city,  that  now  contains  a  popula- 
tion of  over  14,000  people,  and  which  is  in  every  way  a  thriving  and 
prosperous  place,  bidding  fair  to  become  the  metropolis  of  the  far  West. 
Four  yeais  ago  there  was  not  even  a  mile  of  railroad  in  the  Territory, 
and  to-day  Denver  is  the  center  of  five  distinct  lines  of  railroad,  and 
still  more  are  being  built.    The  city  is  beautifully  situated  on  the  banks 
of  Cherry  Creek,  about  twelve  miles  from  the  mountains.    The  plain 
upon  which  it  is  built  is  so  covered  with  the  superficial  drift  of  the 
mountains  that  the  underlying  rocks  are  entirely  concealed.    There  is  lit- 
tle doubt,  however,  as  to  what  they  are,  for,  as  we  proceed  toward  the 
mountains,  we  come  upon  the  upturned  edges  of  Tertiary  sandstones, 
containing  beds  of  coal,  the  tipping  up  of  which  is  explained  by  the 
grand  range  immediately  in  front  of  us,  from  which  Gray's  Peak  and 
Long's  Peak  raise  their  snowy  heads,  seeming  almost  to  pierce  the 
heavens.    Leaving  Denver  we  took  the  Denver  and  Rio  Grande  Railroad 
to  Colorado  Springs,  some  seventy-six  miles  farther  south.    This  rail- 
road is  a  narrow-gauge  road,  and  the  first  of  any  length  that  has  been 
built.    It  threatens  to  work  an  important  revolution  in  the  railroad- 
system  of  the  West.    The  road  gradually  ascends  upon  leaving  Denver 
until  we  reach  the  summit  of  the  Colorado  divide.    This  is  a  spur  or 
high  ridge,  projecting  from  the  mountains  at  right  angles  to  their  trend. 
It  forms  the  dividing  line  between  the  waters  of  the  Platte  River*  and 
those  of  the  Arkansas.    It  is  very  thickly  timbered,  and  lumbering  is 
carried  on  quite  extensively.    The  ascent  from  Denver  to  the  summit  of 
the  divide  is  very  gradual,  and  it  is  a  little  difficult  to  believe  that  one 
has  ascended  2,000  feet.    The  elevation  of  the  divide  at  the  summit  is 
8,000  feet  above  the  sea.    Smoky-quartz  crystals  are  found  here  quite 
abundantly,  and  are  called  topaz  by  the  people.    I  was  shown  several 
good  specimens  said  to  have  been  picked  up  near  the  railroad.    The 
rocks  as  seen  from  the  cars  seem  to  be  mostly  led  and  gray  Tertiary 
sandstones.    From  the  divide  the  railroad  has  a  gentle  descent,  and 
after  a  ride  of  twenty  four  miles,  i)assing  some  beautiful  se^mery,  we 
reach  Colorado  Springs.    This  is  a  new  colony,  just  established  on  the 
line  of  the  railroad.     It  is  about  eight  miles  from  the  mountains.    Its 
site  is  covered  with  local  drii't  from  the  hills.    To  the  east  the  country 
spreads  out  into  the  plains.    We  spent  several  days  at  Colorado  Springs, 
making  eiicursions  to  the  various  points  of  interest.    Our  first  day  was 
spent  in  tho^'Garden  of  ilie  Guus,"  about  four  miles  northwest  from 
Colorado  Springs  and  two  miks  north  of  Colorado  City.    This  interest- 
ing and  peculiar  place  is  a  valley  in  the  foot-hills  of  the  range,  and  is 
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inclosed  by  an  almost  vertical  wall  of  massive  sandstone  of  Cretaceous 
age.  The  rocks  which  we  find  inside  have  been  subjected  to  an  im- 
mense deal  of  erosion,  and  the  many  ridges  and  tower-like  forms  left 
standing  throughout  the  garden  are  the  remnants  of  the  parallel  strata 
which  (fip  to  the  northeast  at  a  very  great  angle.  In  some  places  they 
seem  to  dip  a  few  degrees  in  the  opposite  direction.  As  we  go  toward 
the  mountains,  the  dip  decreases.  These  rocks  are  fine-grained  sandstones, 
of  adeep  brick-red  color,. with  here  and  there  layers  and  spots  of  alighter 
led,  and  sometimes  white.  The  ridges  are  exposed  for  some  distance  to 
the  north,  while  to  the  south,  after  bending  toward  the  east,  they  ap- 
pear to  be  covered  by  the  debris  from  the  mountains.  The  entrance  to 
the  '^  garden"  is  through  the  "  Beautiful  Gate,"  an  opening  through  one 
of  the  highest  ridges  of  red  sandstone.  We  estimated  the  height  of  this 
ridge  to  be  300  feet.  The  northern  end  is  considerably  higher,  and  view- 
ing it  so  as  to  see  the  end  alone  the  resemblance  to  the  tower  of  a  grand 
eathedral  induced  us  to  call  it  '*  Cathedral  Eock.^  Another  collection  of 
rocks  inside  the  "  garden"  had  the  name  of  "  Montezuma's  Cathedral." 
On  the  western  surface  of  the  ridge  mentioned  above,  the  water  has  worn 
quite  a  large  cave.  The  sandstone  is  very  soft  in  most  places  and  can 
be  readily  crushed  in  the  fingers.  The  softness  is  due  probably  to  the 
rfBect  of  the  weather.  As  we  go  toward  the  west  the  hardness  increases. 
Ontsideof  the  red  layers,  and  a  few  hundred  feet  farther  to  the  east,  there 
is  a  layer  of  white  sandstone  parallel  to  the  red  and  tipped  up  at  the 
same  angle,  about  70o.  Outside  of  this,  and  in  contact  with  it,  is  a  bed 
of  gypsum  which  is  of  considerable  thickness.  From  it  I  obtained  spe- 
dmens  of  aelenite  and  satin-spar.  The  specimens  of  amorphous  gyp- 
sum I  obtained  are  exceedingly  beautiful,  the  white  variety  being  of 
coarse  the  most  abundant.  I  got  also  some  very  pretty  pink  varieties. 
The  following  day  we  spent  in  visiting  Glen  Eyrie  and  the  Soda 
Springs  on  the  "  Fontaine  qui  Bouille.*^  Glen  Eyrie  is  also  sometimes 
called  the  "Little  Garden  of  the  Gods,"  from  its  resemblance  to  the 
"Garden  of  the  Gods,"  which  we  first  visited,  and  which  is  farther  to  the 
Eouth.  The  entrance  is  through  «'>  natural  gateway,  cut  through  a  mass- 
ive ridge  of  gray  sandstone  by  Camp  Creek,  which  flows  through  the 
gjen.  The  sandstones  are  covered  •  with  moss,  giving  them  a  most 
picturesque  appearance,  and  General  Palmer,  who  has  made  his  home 
here,  has  given  them  the  name  of  "  Painted  Rocks."  The  ridge  forms  a 
high  wall,  dipping  northeast  at  an  angle  of  60°.  The  age  of  this  sand- 
stone is  Cretaceous.  Just  inside  of  it  there  is  a  layer  of  limestone, 
which  is  probably  Jurassic,  and  next  to  this  is  a  layer  of  gypsum,  the 
eontinuation  of  the  bed  I  mentioned  above.  Then  follow  soft,  red  sand- 
stones, corresponding  to  those  in  the  **  Garden  of  the  Gods,^^  although 
they  are  lighter  in  color,  at  a  distance  seeming  to  be  of  a  flesh-color. 
They  are  eroded  into  curious,  fantastic  forms.  One  iu  particular  deserves 
mcsition.  It  is  a  mass  of  red  rock,  30  feet  in  diameter,  and  rising  to  the 
height  of  200  feet.  It  is  a  monolith,  the  top  of  which  is  larger  than  at 
tbc  base,  and  looking  at  it  one  almost  expects  to  see  it  toppling  over. 
It  is  called  "  Needle  Rock.''  The  area  included  in  the  "  Little  Garden  of 
the  Gods  "  is  much  less  than  in  the  other  garden.  The  red  sandstones, 
as  we  approach  the  hills,  become  harder,  seeming  to  be  almost  crystal- 
line, and  have  a  deeper  color.  The  angle  of  the  dip  has  decreased,  and 
at  this  point  is  only  20^.  Where  Camp  Creek  has  cut  its  way  through 
these  hard  layers  there  is  a  fine  exposure  of  the  strata.  Hero  is  Glen 
■  Eyrie  proper,  and  a  wild,  weird-looking  place  it  is.  The  dark-red 
locks  and  the  bright-green  foliage,  through  which  we  catch  an  occa- 
sional glimpse  of  the  stream,  form  parts  of  a  picture  well  worthy  the 
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visit  of  one  who  loves  the  beautiful.  We  did  not  have  time  to  penetrate 
farther  up  the  caiiou,  but  below  these  sandstones  1  believe  there  are 
Carboniferous  limestones.  The  thickness  of  these  rocks,  however,  is  not 
very  great.  I  cannot  give  the  exact  thickness,  as  I  had  no  means  of 
measuring  them. 

Leaving  Glen  Eyrie  we  passed  a  second  time  through  the  "  Garden  of 
the  Gods",  and  after  a  ride  of  some  six  miles  reached  the  Springs  on  the 
Fontaine  qui  Bouille,  a  branch  of  the  Arkansas  River.  There  are  five 
principal  springs.  The  first  one  is  the  "  Manitou''  or  **  Doctor  Spring."  It 
is  on  the  left  bank  of  the  river,  and  is  quite  small,  measuring  hardly  a 
foot  in  diameter.  The  water  contains  a  large  percentage  of  carbonic 
acid,  and  there  is  a  slight  bubbling,  caused  by  the  escape  of  the  gas- 
TJie  water  is  more  agreeable  to  the  taste  than  that  of  any  of  the  other 
springs.  There  is  quite  an  abundant  deposit  of  carbonates  about  the 
spring  reaching  to  the  edge  of  the  river.  The  overflow  of  water  is  very 
small.  The  water  contains  about  two  drachms  of  solid  matter  to  the 
gallon.  Its  temperature  was  57°  F.  It  is  feebly  alkaline.  An  analysis, 
made  by  Mr.  Frazer  in  18C9,  revealed  the  following  contents : 

Carbonate  of  soda. 
Carbonate  of  potassa. 
Carbonate  of  lime. 
Chloride  of  sodium. 
Alumina. 
Trace  of  iron.  * 

The  next  spring  is  the  "  Comanche.'^  This  is  a  chalybeate  spring, 
situated  in  a  small  thicket,  on  low,  marshy  ground,  on  the  right  bank  of 
the  river,  near  the  water's  edge.  There  is  no  deposit  about,  save  a 
slight  one  of  oxide  of  iron,  and  the  escape  of  gas  is  very  insignificant. 
The  iron  is  quite  perceptible  on  tasting  the  water.  Its  temperature  was 
480.5  F. 

The  next  spring,  in  size  the  second,  is  the  "  Shoshone."  It  is  also  on 
the  right  bank  of  the  river,  and  is  close  to  the  wagon-road.  There  is  a 
continuous  escape  of  carbonic-acid  gas  from  it,  but  the  taste  of  the 
water  does  not  compare  with  that  of  the  Manitou.  It  is  surrounded  by 
considerable  deposit,  consisting  mostly  of  carbonates  of  soda  and 
potassa,  with  also  a  trace  of  sulphur.  (Frazer,  1869.)  Its  temperatui-e 
is  550.5  F.  Below  the  Shoshone  Spring,  on  the  edge  of  the  river,  is  the 
"  Fashataga,"  an  unimportant  spring,  having  a  temperature  of  52^  F. 

The  largest  spring  is  the  *'  Bathing  Spring."  It  is  almost  opposite 
the  Manitou,  and  has  a  very  abundant  deposit,  in  which  the  opening 
of  the  spring  is  about  five  feet  in  diameter.  The  escape  of  gas  is  more 
violent  than  in  any  of  the  other  springs.  Its  temperature  is  GO^  F. 
Water  is  conveyed  from  it  in  iron  pipes  to  a  bath-house,  which  has  been 
recently  erected.  An  analysis  of  the  deposit  from  these  springs,  made 
by  Dr.  Drown  in  1871,  is  as  follows : 

Per  cent. 

Chloride  of  eodiam 36.69 

Chloride  of  potassium 10.01 

Bicarbonate  of  soda 24.01 

Sulphate  of  soda 4. 78 

Bicarbonate  of  lime 16.02 

Bicarbonate  of  magnesia c 8.69 

Total 100.00 


The  names  of  some  of  the  other  nnimportant  springs  are  the  "  Iron 
XJte,'^  "Navajo,"  the  ^* Arapahoe,"  and  the  "Pawnee." 
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Fremont  visited  these  springs  in  1843  and  took  the  temperature  of 
two  of  them.  I  will  give  his  temperatures  and  those  I  took  in  tabular 
form,  so  that  they  can  more  easily  be  compared.  His  upper  spring 
corresponds,  I  believe  from  his  description,  to  the  Bathing  Spring,  and 
the  lower  spring  to  the  Shoshone. 

Temperaturea  ofFr4mont,  July,  1843. 


Time. 

Temperature    of 
upper  spring. 

Temperature    of 
lower  spring. 

Temperature    of 
air. 

U»,  m 

69^  F. 

61 

54.3 

60°.  5  F. 

58 
57 

730  F. 

Sonriae 

66 

Sonaet 

57.5 

Temperatures,  May,  1872. 


Kame  of  spriog. 

Time. 

Temp,   of    air. 

Temp,    of  spring. 

^tbiDiF  SnrinflT.. ....... 

Afternoon. 
Afternoon. 
Afternoon. 
Afternoon. 
Afternoon. 

70^  F. 

70 

70 

70 

70 

6O0  F. 

SlKttboDe 

55. 5 

Comanche -- 

48.5 

MaDitoa. . ... 

57 

KiiihAtfifira ..«--..  -r- 

52 

'"^"^•^ •.«•..••«»••.  •«•- 

A  comparison  of  the  above  tables  would  seem  to  show  that  in  the  last 
tveoty-nine  years  the  water  of  the  springs  has  become  cooler.  Some  of  the 
difference  in  temperature  may,  perhaps,  be  due  to  the  difference  in  ther- 
mometers used.  A  large  hotel  has  been  built  near  the  springs  for  the 
aeeotomodation  of  invalids  and  tourists,  and  there  is  no  doubt  that  before 
loDg  thi«  will  be  one  of  the  favorite  sanitariums  of  the  West.  The  site 
of  a  village  has  also  been  laid  out,  to  which  the  name  of  Manitou  hsis 
Ijeen  given.  Leaving  the  springs  we  followed  the  road  up  the  canon  to 
the  Ute  Pass.  The  road  through  this  pass  leads  to  the  silver  mines  of 
the  South  Park,  It  has  been  cut  through  solid  granites.  The  canon 
isamostromautic  one,  and  the  stream  rushes  down  the  deep,  narrow 
fP>rge  in  a  series  of  cascades  and  falls.  The  largest  fall,  Ute  Fall,  is 
fil> feet  in  height.  The  granite  through  which  the  stream  has  cut  its 
▼ay  is  a  red  porphyritic  granite,  presenting  a  beautiful  appearance, 
dne  to  the  large  red  crystals  of  feldspar,  (OrtJioclase,)  The  mica  is 
somewhat  smaller  in  quantity  and  of  a  black  color.  The  rock  would 
doabtless  be  capable  of  a  very  high  polish.  As  a  building-stone  I  do 
not  think  it  will  have  much  value,  as  it  readily  breaks  down  on  exposure 
to  the  weather.  1  noticed  at  various  places  on  the  walls  of  the  canon 
staifis  and  discolorations,  due  to  the  infiltration  of  mineral  waters. 

The  junction  of  the  sedimentary  rocks  with  the  granites  is  well  shown 
in  the  pass.  In  some  places  the  former  are  lifted  high  upon  the  hills, 
dipping  northeast,  at  angles  varying  from  10^  to  30o.  The  rock  imme- 
diately upon  the  granites  is  a  hard  fine-grained  sandstone  containing 
irregular  seams  of  pebbles.  It«  color  varies  from  a  yellowish  gray  to 
red.   The  dip  was  north  40o  east ;  angle,  20°. 

Oar  next  trip  was  made  to  Chiann  Gaiion,  through  which  Chiann 
Creek  flows  to  join  the  Fontaine  qui  Bouille.    In  company  with  Messrs. 
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Nettleton,  Fuller,  and  Potter,  and  Dr.  Gatcbell,  of  Colorado  Springs, 
we  started  early  in  the  morning,  and  after  a  ride  of  four  miles  over  the 
mesas,  reached  the  mouth  of  the  caiion,  where  we  left  our  wagons  aud 
mules  and  proceeded  the  rest  of  the  way  on  foot,  carrying  the  pboto- 
graphic  apparatus  and  materials  on  our  backs.  The  canon  is  very  nar- 
row and  the  granite  walls  rise  precipitously  on  either  side  to  the  height 
of  600  feet  above  the  bed  of  the  stream.  We  were  obliged  to  cross 
aud  recross  the  stream  many  times  in  order  to  get  along,  as  the  banks 
in  some  places  were  too  steep  to  allow  our  passing  along  them.  After 
a  walk  of  about  a  mile  and  a  half  we  came  to  a  fall,  or  rather  a  series 
of  falls,  which  prevented  any  farther  progress  up  stream.  There  were 
three  distinct  falls,  one  above  the  other,  the  entire  height  being  300 
feet.  The  water  in  falling  strikes  numerous  ledges,  which  churn  it  into 
a  mass  of  foam.  It  has  worn  in- the  solid  granite  a  rounded  basin  sur- 
rounding which  are  walls  reaching  the  height  of  800  feet.  The  best 
view  of  the  falls  is  to  be  had  about  a  quarter  of  a  mile  below  on  the 
side  of  the  caiion.  At  a  point  300  feet  above  the  bed  of  the  creek  we 
have  a  magnificent  view  of  the  entire  falls,  while  back  of  them  rise 
the  hills  which  stand  at  the  foot  of  Pike's  Peak,  aud  in  the  fore-ground, 
far  below  us,  we  catch  a  glimpse  of  the  creek  as  it  reflects  the  sunlight 
through  the  foliage  of  the  pines. 

The  following  is  a  list  of  the  minerals  I  obtained  while  at  Colorado 
Springs :  Snowy  gypsum,  pink  gypsum,  selenite,  satin-spar,  (fibrous 
gypsum.)  yellow  calcite,  (crystallized,)  amazon  stone,  (orthoclase,)  ame- 
thyst, smoky  quartz,  white  quartz,  opal,  and  agate. 

We  left  Colorado  Springs  ou  the  27th  of  May,  and  on  the  29th  arrived 
at  Cheyenne,  Wyoming  Territory.    On  the  3d  of  June  we  started  on  a 
second  trip,  our  destination  this  time  being  Golden  City.    Golden  City  is 
about  twenty  miles,  almost  due  west,  from  Denver,  at  the  base  of  the 
foot-hills  of  the  main  range  of  the  Rocky  Mountains.    It  is  situated  in 
a  valley,  between  the  hills  and  two  mesas,  or  table-like  mountains.  They 
stand  between  the  town  and    the  plain,  and  between   them  is  the 
Golden  Gate,  through  which  Clear  Creek  flows  out  to  the  plains.    Both 
the  mesas  are  surmounted  by  layers  of  basalt.    The  north  mesa,  called 
Table  Mountain,  is  about  a  mile  in  width  and  a  little  more  than  two  miles 
in  length.    On  the  western  side,  overlooking  the  town,  is  a  prominent 
mass  of  bare  rock,  which  is  called  the  Castle.    The  south   mesa  has 
the  same  width    as    the  one  on  the  north,  but  is  longer,  extending 
for  four  miles.    The  upper  portion  of  the  basalt  capping  these  mesas 
is  more  compact  than   the  lower  layers  and  is  somewhat  columnar. 
Beneath  the   basalt  are  Tertiary  formations — sandstones  and  clays. 
The  surface  of  the  mesas  is  somewhat  irregular  and  covered  with 
grass.    They  form  the  grazing-grounds  for  large  herds  of  cattle.    The 
Tertiary  beds  continue  some  distance  west  of  the  mesas,  and  contain 
coal.    The  principal  bed  varies   in  thickness  from  a  few  inches  to* 
eight  feet.    It  is  almost  vertical.    There  are  four  openings  into  it,  three 
of  which  are  owned  by  the  Mineral  Land  Company  and  leased  to 
the  Hazleton  Company.    Only  one  of  them,  however,  is  worked  at 
present ;  one  of  the  others  has  been  burned  out — since  which  work  has 
not  been  resumed — while  the  third  is  filled  with  water.    A  fourth  open- 
ing is  owned  by  Judge  Johnson.    Only  enough  coal  is  mined  to  supply 
the  local  demand.    The  ridge  above  the  coal  is  a  white  sandstone  con- 
taining impressions  of  deciduous  leaves,  while  beneath  the  coal  is  abed 
of  clay.    The  strike  of  these  beds  is  almost  due  north  and  south.    Be- 
low the  coal-beds  are  red  and  gray  sandstones  with  a  layer  of  limestone. 
These  sandstones  rest  immediately  on  the  metamorphic  rocks  at  an  angle 
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of  about  450     The  effect  of  erosion  here  has  been  to  so  level  these  beds 
that  it  is  difficult  to  trace  the  succession  of  the  various  layers. 

We  made  several  excursions  while  at  Golden  City,  one  of  which  was 
up  Clear  Creek  Canon,  through  which  the  Colorado  Central  Kailroad, 
a  narrow-gauge  road,  runs.  When  finished  it  will  penetrate  to  the  min- 
ing-districts of  Georgetown  and  Central  City.  When  we  visited  it 
the  road-bed  was  graded  some  ten  miles  above  Golden  City.  The  creek 
has  cat  its  way  through  the  hills  in  a  tortuous  course,  leaving  high 
walls  of  gneiss  and  granite  standing  on  either  side.  In  the  gneisses  I 
obtained  garnets  and  magnetite.  There  has  been  some  gold-mining 
carried  on  in  Clear  Creek  Caiion,  but  I  judge  it  was  with  but  little  profit. 
At  any  rate,  at  the  present  time  the  diggings  are  abandoned. 

JVom  the  office  of  the  Colorado  Central  Railroad  I  obtained  speci- 
mens of  ores  from  Central  City,  consisting  mainly  of  gold  quartz, 
pyrites,  and  argentiferous  galena. 

Having  completed  our  work  we  left  Golden  City  and  started  for  Ogden, 
Utah  Territory,  where  we  joined  the  main  party  in  camp  on  the  8th  of 
June.  The  Wasatch  Eange,  at  the  foot  of  which  th^  town  of  Ogden  is 
bnilt,  has  a  trend  north  and  south.  Its  geological  structure  is  beauti- 
fnlly  shown  in  the  many  canons  which  cut  deeply  into  it  almost  at  right 
angles  to  the  trend.  It  is  in  these  canons  that  the  profitable  mines  of 
Utah  are  situated.  The  canons  near  Ogden  are  Ogden  Caiion  and 
Weber  Canon.  Through  the  latter  the  Union  Pacific  Railroad  finds  its 
way  into  the  Great  Sfilt  Lake  Basin.  Between  these  two  there  are  a 
Dninber  of  smaller  canons  which  cut  the  mountains  onl^'  partially.  Two 
of  these,  immediately  back  of  our  camp,  are  Taylor's  Caiion  and  the 
Waterfall  Canon.  In  the  former  there  is  a  limekiln  in  operation.  Here 
also  some  miners  claim  to  have  discovered  tin.  An  examination  of 
specimens  proves,  however,  the  absence  of  any  metal  and  showed  the 
specimen  to  consist  almost  entirely  of  hornblende.  The  Waterfall  Canon 
is  named  from  the  occurrence  in  it  of  a  fall  some  300  feet  in  height. 
The  water  falls  over  a  ledge  of  white  quartzite.  Above  it  rises  Mount 
Bechler,  whose  height  is  9,716  feet.  The  base  of  the  mountains  near 
Ojjden  is  for  the  most  part  a  red  syenite,  whose  specific  gravity  is  about 
2.6.  This  syenite  passes  into  granite  and  gneiss.  It  contains,  in  places^ 
veins  of  hornblende,  aud  the  gneisses  have  veins  of  quartz  with  specu- 
lar iron.  Several  of  these  veins  have  had  openings  made  into  them  by 
prospectors.  The  largest  is  just  south  of  the  Waterfall  Caiion.  It  is 
four  feet  in  width  and  penetrates  the  rock  to  a  depth  of  thirty  feet  hori- 
zontally. The  walls  on  either  side  are  gneisses,  stained  with  the  green 
carbonate  of  copper,  (malachite.)  The  gangue  is  quartz  and  serpentine. 
Associateil  with  the  specular  iron  or  micaceous  hematite  are  iron  pyrites 
and  stainings  of  copper.  The  iron  is  in  veins  varying  from  the  fraction, 
of  an  inch  to  two  inches  in  thickness.  On  the  north  side  of  Ogden  Caiion 
Ifonnd  another  opening,  much  smaller,  in  chloritic  schists,  which,  at 
this  point,  lie  just  above  the  syenite.  The  gangue  here  was  white 
qaartz,  containing  veins  of  micaceous  hematite.  The  schists  contained 
nninerous  veins  of  quartz.  Above  the  metamorphic  rocks  there  are  heavy 
beds  of  quartzite,  the  lower  bed  of  which  is  conglomerate,  the  siliceous 
matrix  containing  pebbles  of  bright-red  jasper.  The  quartzites  have  a 
specific  gravity  of  2.6  and  are  mostly  of  white  color,  although  in  some 
Peaces  they  are  pink  and  again  dark  brown,  becoming  highly  ferruginous. 
Above  thequartzites  are  heavy  beds  of  dark-blue  magnesian  limestones  of 
Silnrian  age,  above  which  are  Carboniferous  limestones.  I  was  shown  a 
specimen  of  gmphite  from  near  North  Ogden,  a  \illage  six  miles  above 
Ogden.    At  the  upper  end  of  Ogden  Caiion  galena  is  found  associated 
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with  carbonate  of  copper  iu  liinestoDes.  This  corresponds  to  the  loca- 
tion of  the  inoKt  productive  silver  mines  iu  Utah.  They  are  almost 
aitaatcd  in  liiuestoues  at  the  heads  of  the  canons,  and  the  ores  are  ores 
of  lead  containing  silver.  The  minerals  I  obtained  at  Ogden  are  the 
following:  micaceous  hematite,  iron  pyrites,  j:;aleuite,  maguetttc, 
grupliite,  azuriCe,  malachite,  garnets,  quartz,  chlorite,  talc,  serpentiue, 
jasper,  hornblende,  serpentine,  and  calcite. 

On  the  19th  of  Jane  Mr.' Jackson  started  on  a  photographic  trip  to 
Little  Cottonwood  Canon,  on  which  trip  1  accompanied.  From  Ogdea 
to  Salt  Lake  City  we  took  the  Utah  Central  Railroad,  which  skirts  the 
edge  of  the  monutains.  The  granitic  locks  extend  for  some  distance 
beiow  Weber  Caiiou,  but  as  we  near  Salt  Lake  City  the  limestones  form 
the  base  of  the  niouiitaius,  near  which  areanumberof  limekilns.  The 
limestone  for  the  kilos  seemed  to  be  taken  from  the  upper  layers,  prob- 
ably because  the  lower  ones  are  siliceous,  as  at  Ogden. 

The  ciiQons  which  cut  through  the  Wabsatch  Kange  near  Salt  Lake 
City  are  as  follows,  in  their  order  from  north  to  south:  Bed  Butte,  Emi- 
gration, Parley's,  Mill  Creek,  Big  Cottonwood,  and  Little  Cottonwood. 
At  the  head  of  tUe'latter  arc  some  of  the  best  silver  mines  to  be  found 
in  Utah,  and  among  them  is  the  famous  Emma  mioe.  Leaving  Salt 
Lake  City  we  take  the  State  road,  and  after  a  ride  of  ten  miles  in  a 
southeasterly  direction,  passing  between  thriving  farms  dotted  with 
comfortjible-lookiiig  honses,  we  turn  to  the  left  and  strike  across  the 
counf.ry  to  the  mountains.  Directly  before  us  is  the  highest  point  in 
the  Walisatch  Bange,  the  Twin  Peaks,  over  12,000  feet  above  sea-level. 
As  we  ride  along  we  see  distinctly  marked  ou  the  sides  of  the  mount- 
ains iu  frout  of  us  the  wat«r-liuc3  0f  the  former  shore  of  the  Great 
Salt  Lake.  These  old  shore-lines  are  distinctly  marked  on  the  mount- 
ains, ou  all  sides  of  the  lake,  and  on  the  islands  in  the  lake.  We  pass 
over  Duiiicrons  terraces  and  at  length  reach  the  mouth  of  the  cauon. 
Here  there  are  no  less  than  seven  distinct  terraces,  some  of  them,  how- 
ever, due  to  the  action  of  the  Cottonwood  Creek.  Near  the  mouth  of  the 
canon  there  are  smelting-worka,  to  which  ore  is  brought  from  the  mines 
jilg_  a5_  at  the  head  of  the  creek.     Inside  the 

caEion  we  iind  ourselves  between  high 
granite- walls,  rising  precipitously  on 
either  side  of  the  creek.    The   first 
thing  to  attract  our  attention  is  the 
conspicuons  bedding  of  these  gran- 
ites.   The  dip  is  east  at  an  angle  of 
50°  to  70°.    The  granite  is  of  a  light- 
gray  color,  composed  of  white  feld- 
spar, (orthoelase,)  quartz,  and  black 
mica.    The  bottom  of  the  cauon  is 
strewn    with    bowlders    of    granite, 
which  lie  scattered  over  it  in  inextri- 
cable confusion.     In  many  of  them 
(Fig.  25)  1  uoticed  veins  of  tieldsjiar 
of  about  two  iuches  in  widsh  crossing 
each  other  at  right  angles.    Another 
BLOCK  OF  cKANiTm  WITH  FBnisMTHic  SEABS.  Doticeable  featuFo  lu  t]iesB  granites 
is  the  occurrence  of  rounded  pebble-like  masses,  of  a  daj'k  color,  inclosed 
in  the  gray  matrix.    Professor  Silliman,  (Sillimau's  Journal,  vol.  iii,piige 
196,}  referring  to  these,  says  "  These  granites  are  probably  metamorphic, 
of  coglomerates,  an  opinion  first  suggested  to  me  by  Professor  W.  P. 
Blake."    As  he  also  further  states,  there  is  a  pebble  like  roundness  in 
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the  particles  of  quartz  in  this  granite  which  points  to  a  mechanical 
origio.  The  rock  is  quite  uniform  in  its  structure.  A  mile  or  two  in 
the  canon  we  came  to  a  small  village  called  Graniteville.  It  is  near 
here  that  the  granite,  of  which  the  Mormon  temple  is  being  built,  is 
quarried.  Instead  of  working  into  the  rock  on  the  sides  of  the  caiion, 
the  qaarrying  is  confined  to  the  huge  blocks  of  granite  which  are  scat- 
tered over  the  bottom  on  both  sides  of  the  creek.  Some  of  these  blocks 
are  immense,  measuring  30  feet  square.  They  aresplitinto  the  required 
size.  Oar  road  for  about  five  miles  leads  us  between  the  granite  walls 
that  tower  far  above  us,  surmounted  by  domelike  masses,  whose  summits 
are  covered  with  snow,  giving  origin  to  the  numerous  falls  and  cascades 
which  aboand  on  the  sides  of  the  canon.  The  Little  Cottonwood  Creek 
flowing  past  us  falls  about  500  feet  to  the  mile.  It  rushes  along  furiously 
over  its  rocky  betl,  seeming  ti)be  at  war  with  the  immense  bowlders  that 
dispute  its  right  of  way.  As  we  proceed  we  leave  the  granites  behind 
ns,  and  above  us  project  the  sharp,  jagged  edges  of  quartzite  beds. 
These  quartzites  have  a  reddish  color,  apd  are  followed  by  slates  upon 
which  rest  thick  beds  of  white  limestone.  The  lower  beds  are  crystalline 
and  probably  Silurian,  although  I  was  unable  to  find  any  fossils  in  them. 
The  upper  layers  are  dolomitic,  and  are  Carboniferous  in  age.  It  is  in 
these  limestones  that  the  ores  occur.  The  principal  mine  is  the  Emma. 
Uufortunately,  owing  to  a  disturbance  at  the  time  of  our  visit,  I  was 
Qoahle  to  see  the  Emma  mine,  but  visited  the  Flagstaff  and  the  Silver 
Star.  I  quote  the  following  analysis  <and  remarks  upon  the  ore  of  the 
Emma  mine  from  an  article  by  Professor  Silliman:* 

I  am  able  to  prescDt  an  analysis  of  an  average  sample  of  82  tons  (=183,080  pounds) 
of  firat-class  ore  from  the  Emma  mine,  made  by  James  P.  Merry,  of  Swansea,  April, 
1S71,  whieh  is  as  follows : 

Per  cent 

Klion 40.90 

Lead 34.14 

Snlpbor 2.37 

Aotimony --.- 2.27 

Copper 0.83 

ZiDC 2.92 

Uaoganese 0. 15 

Iron - 3.54 

Silver A 0.48 

Alamina...... 0. 35 

Magnesia - 0. 'i5 

Lime 0.72 

Carbonic  acid « l.^'O 

90.'  42 
Qiygen  and  water  l)y  diflference , 9.C8 

100.  00 


Tbe  quantity  of  silver  obtained  from  tbis  lot  was  156  troy  ounces  to  tbe  gross  ton  of 
2,240  pounds. 

This  analysis  sbeds  important  Hgbt  on  tbe  cbemical  history  of  this  reniarkable 
inetallic  deposit,  and  will  aid  us  in  the  study  of  tbe  paragenesis  of  the  derived  species. 
It  is  pretty  certain  that  all  the  heavy  metals  have  existed  originally  as  sulphides,  and 
we  may,  therefore,  state  the  analysis  thus,  allowing  8.52  per  cent,  sulphur  to  couvert 
the  heavy  metals  to  this  state : 

Silica 40.90 

Metaffic  sulphides 52.  CO 

Al,^,Mg,  .25;Ca,*.72;  Mn«Mn,  ^ 1.52 

95.  Oi 
Water,  carbonic  acid,  and  loss 4.95 

^American  Journal  of  Science  and  Arts,  vol.  iii,  page  198. 
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This  calculation  assumes  that  the  sulphides  are  as  follows,  viz :  Per  ecnt. 

Qaleuite 38.69 

Stibnite 3. 30 

Bornite 1.03 

Sphalerite,  (blende)". 3.68 

Pyrite - 5.42 

Argeutite i. '. 0.54 

52.60 

This  st-atement  excludes  the  presence  of  any  other  gangue  than  silica,  and,  consider- 
ing that  theores  exist  in  limestone,  the  almost  total  absence  of  lime  in  the  composition 
of  the  average  mass  is  certainly  remarkable.  The  amount  of  silica  found  is  noticeable, 
since  quartz  is  not  seen  as  such  in  this  great  ore-chamber,  nor,  so  far  as  I  could  find,  in 
other  parts  of  the  mine.  The  silica  can  have  existed  in  chemical  combination  only  in 
the  most  inconsiderable  quantity,  since  the  bases  with  which  it  could  have  combined 
are  present  to  the  extent  of  less  than  1^  per  cent. ;  nor  do  we  find  in  the  mine  any 
noticeable  quantity  of  kaolin  or  lithomarge  resulting  from  the  decomposition  of  sil- 
icates, nor  are  there  any  feldspathio  minerals.  It  is  most  probable  that  the  silica  existed 
in  a  state  of  minute  subdivision,  diffused  in  the  snlphides  as  I  have  seen  it  in  some  of 
the  unchanged  silver-ores  of  Lion  Hill,  in  the  Oquirrh  Range. 

The  absence  of  chlorine  and  of  phosphoric  acid  in  the  analysis  corresponds  well  with 
the  absence  of  the  species  cerargyrite  and  pyromoq)hite,  of  which  no  trace  could  be 
found  by  the  most  careful  search  among  the  contents  of  the  mine.- 

From  the  Flagstaff  and  Silver  Star  I  obtained  specimens  of  wulfenite, 
anrichalcite,  galenite,  lithomarge,  massicot,  cervantite,  and  cera»site. 
The  wulfenite  I  found  in  minute,  brilliant,  yellow,  tabular  crystals,  in 
cavities  in  ochraceous  ores,  and  also  associated  with  cerussite.  Other 
minerals  found  at  this  locality  are  azurite,  malachite,  calamine,  angle- 
site,  sphalerite,  pyrite,  argentite,  antimonial,  galenite,  anglesite,  kaolin, 
and  limonite. 

A  specimen  of  galena  from  the  Vallejo  tunnel  of  the  Silver  Star  mine 
yielded,  on  examination,  a  small  percentage  of  silver. 

Among  the  rocks  I  obtained  while  at  Ogden  were  specimens  of  aplite, 
protogine,  horublendic  gneiss,  protogenic  gneiss,  chlorite,  schist,  and 
micaceous  schist. 

Before  closing  this  chapter  I  wish  to  express  my  thanks  to  Messrs. 
Nettleton  and  Somers,  of  Colorado  Springs,  and  the  officers  of  the  Colo- 
rado Central  Eailroad  in  Golden  City,  for  favors  and  iuformatiou 
afibrded  us  whUe  in  Colorado. 


CHAPTER  11. 

FOET  ELLIS  TO  GARDINER'S  RIVER. 

On  the  22d  of  June  the  expedition  was  divided  into  two  parties  at 
Ogden,  and  I  found  myself  a  member  of  the  party  which  was  to  make 
Fort  Ellis,  Montana,  the  base  of  operations.  Accordingly,  after  a  long 
and  tedious  stage- ride,  we  pitched  our  tents  near  Fort  Ellis  on  the  29th  of 
June.  Fort  Ellis  is  situated  at  the  head  of  the  Gallatin  Valley,  on  one  of 
the  many  small  streams  that  contribute  to  form  the  East  Gallatin  River. 
The  Gallatin  Valley  is  one  of  the  most  fertile  in  Montana  Territory,  and 
is  surrounded  by  ranges  of  mountains  which  contain  choicest  bits  of 
scenery  as  well  as  contribute  to  the  wealth  of  the  Territory.  The  prin- 
cipal towns  of  the  Gallatin  Valley  are  Bozeraan,  Hamilton,  and  Gal- 
latin City.  The  former  contains  a  population  of  about  five  hundred 
inhabitants.  Between  Bozeman  and  Gallatin  City  there  are  numerous 
Veli-cultivated  and  productive  farms. 
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Tbe  BtreamB  tliat  form  tbe  headwaters  of  the  Gallatin  Biver  liave 
cat  profoDDdly  iuto  tbe  tnountiiiD-  ^ 
ranges,  exiwsing  their  structure  iii  p 
the   most  beantifal  maimer.    TLe  §* 
first  of  the  csfions  to  which  I  will  3       ^ 
rererisSpriDgorRockCaiion.   This  e       ^ 
canou  forms  a  most  interesting  sub-  $ 
ject  of  study,  and  will  answer  ad-  | 
nirably  aa  a  type  of  the  others.    It  " 
is  a  V-shaped  chasm,  cat  through  S 
the  end  of  au  auticlioal  range  by  ^      '' 
thestream.   Thetreudofthiarange  ^ 
is  Dortbwest  and  southeast.    Tbe  s 
first  thing  that  attracts  our  atten-  |       ^ 
tioo  after  we  are  fairly  inside  the  | 
eafion  is  tbe  occurrence,  on  tbe  left-  S 
band  side  of  the  creek,  of  an  arch  5 
that  crosses  the  road,  and,  describ-  § 
inga  Beioicircle  on  the  bill,  again  % 
croases  the  road  at  the  upper  end  |- 
of  the  cauon.     (Fig.  26.)    The  first  - 
prominent  bed  we  meet  is  a  layer  ^ 
o(  ooarse,    gray   calcareous   sand-  ^ 
Btone,  contnining  fragments  of  fos-  | 
sils.    Proceeding  up  the  canon  we  g  ^ 
find  the  center  of  the  arch  is  occu-  g  s  ? 
pied  by  mattses  of  Carboniferous  |-  Z 

limestone,  whicli  tower  far  above  g.  ^  ^ 

the  creek,  giving  a  most  pictur-  |  :  ,, 

esayie   appearance   to  the   caiion.  So  ^ 

Still  farther  along  wo  come  to  the  3  >  <> 
oiber  extremity  of  the  arch  and  |  £  p 
find  the  same  layer  that  we  saw  at  g 
the  opposite  end.  Following  this  '^ 
layer  at  tbe  western  end  of  the  ^ 
caiion,  that  nearest  Fort  Ellis,  we  h 
find  the  dip  at  the  bed  of  the  creek  a 
tobesontb  45°  west;  angle, 30O-4«o.  ^ 
Farther  alon  g  we  find  it  to  be  south  f 
8(P  west,  the  angle  remaining  about  5 
the  same.  Still  higher  up  on  the  p 
ridge  it  is  north  50^  west;  angle,  9 
15^-25°;  and  when  we  reach  tbe  5 
highest  point  on  the  ridge  it  dips  I 
clue  north  at  an  angle  of  about  '2o°,  a 
Taking  this  siime  layer  again  at  the  bi 
level  of  tbe  creek,  this  time  at  the  £ 
eastern  end  of  the  caiion,  we  find  1 
the  dip  to  be  in  the  same  direction,  | 
altliough  tiie  angle  is  greater.  As  ? 
we  go  toward  the  south  it  ap-  'i 
proaches  more  and  more  to  the  ver-  a= 
tieal,  until  tbe  dip  becomes  north-  ^ 
east  and  tbe  range  therefore  be-  ?, 
comes  a  true  anticlinal.  The  read-  f 
ing  just  above  the  creek  on  the  * 
northern  side  gives  a  dip  of  sooth  45°  west ;  angle,  70°.    As  we  follow 
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tbe  ridge  toward  the  north,  it  is  Bonth 

300-350   west;    angle,   8(P-85o.      Still 

LighernpitissoutbiitPwest;  ang!e,85'^; 

auil  tlieu  hcuoDies,  within  a  very  short 

,  distance,  south  1(1°  west  j  angle,  SS°-90o. 

As  we  progress  it  passes  the  vertical 

>  aod  dips   northeast  at  a  high   angle, 

'  which  gradually  decreases,  tbe  dip  be- 

I  coming  more  and  more  northerly  until 

the  arch  is  completed.    At  the  western 

'  end  of  the  caELoii  beneath  tbe  limestone, 

I  which  immediately  succeeds  the  fossilif- 

erous  sandstone,  there  is  a  fine  exposure 

I  ofquartzitC'beds,  the  top  layers  of  which 

i  are  soioewhat  calcareous.    Then  comes 

i  a  layer  of  conglomerate  made  up  of 

[  green  and  browa  flint  pebbles,  varying 

from  tbe  size  of  a  walnut  to  eight  inches 

iu  diameter.    Associated  with  these  peb- 

I  hies  are  geodes  of  quaitz,  some  of  which 

,  contain  cal<;ite. 

The  best  section  of  all  the  beds  ex- 
,  posed  in  Spring.  CaDon  ia  obtained  in 
the  center  of  the  cauou  at  the  {>oiot 
marked  iu  Fig.  2ii  by  the  dotted  line  S. 
We  commence  at  the  top  of  the  hiti, 
which  rises  1,100  feet  above  the  level  of 
1  tbe  creek.  The  first  bed  we  notice  is  a 
highly  ni e t amorphic-) 00k iug  qiiartzite, 
which  crops  out  along  the  snmintt  of 
the  bill,  its  general  color  is  a  dull  red, 
passing  in  places  into  a  dull  purple  and 
again  becoming  light  gray,  with  bright 
red  and  yellow  streaks.  Some  of  them 
have  analmosttlintyfractnre.  Weesti- 
niated  tbe  thickness  of  the  beds  at  50 
feet.  Next  below  these  beds  are  quartz- 
ites  and  light  gray  sandstones  followed 
by  conglomerates,  iu  the  lower  layers  of 
which  the  pebbles  are  very  fine.  The 
conglomerates  are  folloived  by  brown, 
limestones  and  sandstones,  the  weath- 
ering of  which  gives  a  red  tinge  to  the 
soil.  These  beds  are  succeeded  by  fine, 
dark-gray  calcareous  sandstones,  which 
break  into  lamiute  of  from  two  to  four 
inches  thickness.  Next  to  these  are  the 
coarse-grained  fossiliferous  sandstones 
that  1  have  referred  to  above,  (layer 
No.  7  in  the  section,}  containing  frag- 
ments of  Ostrea  and  C'amptonectes.  They 
might  almost  be  called  siliceous  lime- 
stones from  the  amount  of  lime  they 
contain,  but  they  are  made  up  of  coarse 
grains  of  sand  iiud  more  propi^rly  de- 
serve the  name  of  sandstones.    Inter- 
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iaminaied  with  them  are  light-brown  shale-like  sandstones,  which  are 
qaite  soft  and  break  into  numerous  laminre.  The  layers  of  this  saud- 
slone  vary  in  thickness  from  a  few  inches  to  eight  feet.  Just  below 
these  beds  are  very  coarse-grained  limestones.  The  thickness  from 
the  bottom  of  these  limestones  to  the  tco  of  the  light-gray  sandstones 
mentioned  above  is  260  feet.  The  coarse  limestones  are  followed  by  fine- 
grained compaet  limestones,  the  weathered  surfaces  of  which  are  white. 
These  pass  by  gradations  into  bluish  argillaceous  shales,  containing  a  large 
percentage  of  Hme,  (layer  No.  11  in  the  section.)  These  shales  weather 
of  a  white  color  and  contain  the  following  fossils :  Trigonia  Americanug, 
Finnaj  Camptonectes^  and  Modiola^  proving  their  Jurassic  age.  They  are 
very  fine-grained  and  separate  into  laminsB  of  half  an  inch  to  two  inches 
thickness.  They  are  very  brittle  also,  and  break  readily,  the  pljine  of 
cleavage  being  at  right  angles  to  the  plane  of  deposit.  The  angle  of 
dip  of  these  l^ds  is  20°.  The  distauce.from  the  bottom  of  these  layers 
to  the  top  of  the  compact  limstone  is  100  feet.  All  the  above  beds  to 
the  coDglomerates  are  probably  Jurassic,  while  those  above  are  Greta- 
oeoos.  Next  below  the  limestones  are  five  feet  of  yellowish- brown 
sandstone,  followed  by  a  bed  of  quartzite  containing  veins  of  quartz 
and  calcite  in  geodes,  from  which  I  obtained  large  crystals  of  calcite 
of  the  variety  known  as  dog-tooth  spar.  The  lower  portion  of  this  bed, 
which  is  about  ten  feet  thick,  is  very  irregular  in  composition,  seeming 
to  have  been  deposited  in  rough  waters.  It  is  succeeded  by  four  feet 
of  very  compact  quartzite,  which  in  turn  is  followed  by  a  pebbly  con- 
glomerate of  two  feet.  Next  comes  eight  feet  of  quartzite  succeeded 
by  alternate  beds  of  quartzite  and  limestone,  the  thickness  of  the  whole 
being  110  feet.  Next  come  30  feet  of  red  sandstones,  which  are  prob- 
ably Jurassic,  although  not  even  a  trace  of  any  fossils  can  be  found 
in  them  to  prove  it.  The  upper  layers  of  these  red  beds  contain 
lime,  the  percentage  of  which  decreases  as  we  descend.  The  angle 
of  the  dip  is  about  25^.  The  succession  of  these  beds  is  shown  in 
the  section  given  below.  Below  the  red  beds  are  immense  beds  of 
earboniferons  limestone,  reaching  to  the  bed  of  the  creek,  a  distance  of 
435  feet.  The  upper  layers  of  this  limestone  are  arenaceous.  The 
force  that  caused  the  tipping  up  of  the  strata  in  Spring  Cation  was 
some  distance  to  the  south  and  was  dying  away  at  this  end  of  the  range, 
8o  that  the  older  beds  were  not  elevated  sufficiently  to  be  exiK)sed  to 
the  action  of  the  stream  and  are  therefore  not  shown.  The  earbonifer- 
ons beds  are  crushed  together  in  a  confused  mass,  and  it  is  difficult  to  ^et 
at  the  true  dip.  The  creek  cutting  through  them  has  left  huge  masses 
standing  ont  on  the  sides,  resembling  castles,  towers,  &c. 

The  following  section,  corresponding  with  Fig.  27,  will  perhaps  show 
the  succession  of  the  beds  more  clearly.    The  thicknesses  are  estimated. 

The  section  is  in  descending  order. 

Tfaickness 
*  in  feet. 

1.  Red.  purple,  and  gray  metamorphosed  sandstones >  ra 

2.  Brown  limestone \  ^ 

X  Gray  sandstones /  ^^-e 

4.  Conglomerates S 

6.  Brown  limestone  and  interlaminate  sandstones ^ 

6w  Gray  sandstone 

7.  <  Coarse  calcareoas  fosslliferons  sandstone 

8.  {  With  inter! aminated  shaly  sandstones \      360 

9.  Coane  limestono 

10.  Compact  limestone - 

11.  Shaly  ar^^.'Mjeouii  limestone 

1*2.  Yellow-brown  sandstone 5 

13.  Qoartzite  with  veins  of  calcite...  J • 10 
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Tfaickneas 
infeeL 

14.  CompjMst  qnartzite .4 

15.  CoDglomerate SS 

16.  Yellow  limestone « 3 

17.  Cherty  limestone •  15 

13.  Qnartzite 5 

19.  Limestono 20 

20.  Calcarcons  sandstone r 4 

21.  Limestono 4 

22.  Sandstone 15 

23.  Qnartzite 15 

24.  Yellow  calcareons  sandstone 5 

25.  Red  sandstone 5 

26.  Purple  and  greenish  sandstone %.  2 

27.  Spotted  purple  sandstone 4 

28.  Brick-red  sandstone : 4 

29.  Purple  sandstono ^ , 3 

30.  Greenisli-white  qnartzite ...^ 2 

31.  Purple  sandstone 5 

32.  Arenaceous  limestono 

33.  Limestone 


I       435 


Outside  of  the  quartzite  bed,  with  which  I  have  headed  the  above  sec- 
tion, there  is  a  succession  of  beds  of  hard  qoartzites  and  conglomerates 
followed  by  soft  sandstones  of  steel-gray  colors.  Just  below  these  sand- 
stones, which  are  Cretaceous,  there  is  a  layer  of  hard,  green  shale  con- 
taining fossils.  Outside  of  them  there  occurs  a  bed  of  limestone.  All 
these  beds  curve  around  the  Spring.  Oaiion  layers,  to  which  they  seem 
to  be  conformable.  Above  the  Cretaceous  beds  there  is  an  immense 
thictness  of  brown  and  dark-gray  Tertiary  sandstones,  (Eocene,)  contain- 
ing beds  of  coal.  They  also  follow  the  curve  of  the  Cretaceous  beds  and 
are  seemingly  conformable  to  them.    They  extend  for  four  or  five  miles. 

About  five  miles  north  of  Spring  CaOon  there  is  a  range,  the  Bridger 
llange,  the  trend  of  which  is  north  and  south.  I  shall  here  refer  only 
to  the  southern  end  and  western  side  of  this  range,  reserving  any 
further  consideration  of  it  to  a  subsequent  chapter.  Near  the  south- 
ern end  of  the  range  tliere  is  quite  a  high  peak  known  as  Bridger's 
Peak,  which  is  9,000  feet  above  the  sea.  The  crest  of  the  range  is  made 
up  of  Carboniferous  liraest.one,  dipping  southeast,  containing  Eemi- 
pronites  crenesiria^  Productus  longispinus.  Then  follows  a  snccessiou 
of  beds  as  we  found  them  in  Spring  Canon.  Following  these,  and  still 
dipping  southeast,  are  the  Cretaceous  beds  that  we  noticed  outside  of 
Spring  Caiiou.  In  a  layer  of  hard,  green  shales  I  found  Oryphcea,  Avi- 
culay  Pinna,  Inoceramus,  Turritella,  Crasaatella,  &c.,  proving  their  un- 
doubted Cretaceous  age.  Next  we  find  the  Tertiary  sandstones,  which 
are  unconformable  to  the  Bridger  layers.  There  is  therefore  between 
Spring  Caiion  and  the  Bridger  Eange  a  synclinal  valley  the  floor  of  which 
is  Cretaceous  filled  in  with  the  Tertiary  sandstones,  dipping  northwest, 
north,  and  northeast  at  an  average  angle  of  40°.  Many  of  these  sand- 
stones are  calcareous  and  contain  veins  of  calcit'C.  The  thickness  of  these 
beds  must  exceed  1,000  feet,  and  from  the  specimens  of  fossil-plants 
found  in  them  they  are  for  the  most  part  Eocene.  Some  of  the  upper 
layers  may  be  of  Miocene  age. 

Opposite  Fort  Ellis,  between  our  camp  and  Bridger  Peak,  there  are 
blufi's  composed  of  Pliocene  sandstones,  marls,  and  conglomerates.  The 
strata  are  for  the  most  part  horizontal,  although  inclining  sometimes  at 
a  very  small  angle,  which  is  never  more  than  5^.  The  height  of  these 
bluffs  above  the  level  of  the  creek  is  175  feet.  Thev  are  the  remnants 
of  Pliocene  formations  that  once  spread  over  the  entire  valley  of  the 
Gallatin,  and  formed  the  bottom  of  a  vast  lake  that  spread  over  what 
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■le  now  the  valleys  of  the  Jefferson,  Madison,  and  Gallatin  Bivers,  reach* 
ing  to  the  junction  of  the  three  streams.  The  hills  between  the  Gal- 
latin and  Madison,  and  between  the  Madison  and  Jefferson,  are  Plio- 
cene, remnants  of  the  same  beds,  and  when  we  ascend  the  mountains  on 
tbe  southern  border  of  this  old  lake-basin  the  whole  plan  lies  spread 
oat  before  us.  Each  of  the  rivers  has  cut  deeply  into  these  Pliocene 
rocks,  and  their  valleys  are  the  results  of  the  erosion  that  has  taken 
place  since  the  draining  of  the  ancient  lake.  The  question  of  priority 
of  elevation  of  the  Bridger  Range,  and  that  into  which  Spring  Canon 
id  cut,  is  one  of  some  interest.  That  there  has  been  more  than  one 
force  at  work  to,  give  the  surface  its  present  configuration  is  evident. 
Theqae^tion  is,  whether  or  not  they  acted  synchronously.  The  forces 
(hat  elevated  the  layers  of  Spring  Canon  acd  those  of  Bridger  were, 
I  take  it,  entirely  distinct  from  each  other  and  separated  by  long  i>eriods 
of  time.  The  Bridger  Bange  was  the  first  to  be  elevate^  and  its  eleva- 
iioQ  occurred  probably  about  the  end  of  the  Cretaceous  period,  and  be- 
fore the  beginning  of  the  Eocene,  while  the  range  running  'south  from 
Bpring  Canon  was  elevated  some  time  after  the  Eocene  and  prior  to  the 
deposition  of  tbe  Pliocene  strata.  This  is  proved  by  the  fact  that  the 
Cretaceous  rocks  on  one  side  of  the  valley  are  conformable  to  the 
Bridger  Bange  and  on  the  other  side  to  the  Spring  CaOou  layers, 
vbile  the  Eocene  rocks  are  conformable  only  to  the  latter,  and  tbe  Plio- 
cene rocks  have  been  affected  by  neither  range.  I  believe  also  that  the 
elevation   of  the  Fig.  27a. 

Bridger  Bange  was  , — 
tlie  more  gradual  of 
the  two.  The  eleva- 
tion of  the  Spring 
Canon  layers  was  due 
to  v<^canic  action, 
the  center  of  which 
lies  to  the  south. 
There  have  been  sev- 
eiai  periods  of  erup-  sbctioh  ?rom  spring  cAffoN  to  dridgbr  peak. 

tion,  for  in  the  valley   a,  Bridger  peak:  li,  spring  Cofion :  C,  Tertiary ;  D,  Cretaceona;  E, 
of    the    Yellowstone  J»™aalo  i  F.  carboniferous ;  G,  Drift ;  H,  Tertiary  bills. 

Hiver  we  find  Pliocene  sandstones  and  marl  capped  by  basaltic  plateaus, 
white  at  Fort  Ellis  there  is  nothing  of  the  kind,  and  we  will  see  in  a  sub- 
f^quent  chapter  that,  some  distance  farther  south,  we  find  Eocene  beds 
lifted  high  up  on  the  mountains.  The  section  shown  in  Fig.  27a  will 
give  tbe  relations  of  the  beds  between  Spring  Canon  and  Bridger  Peak. 
I  have  referred  above  to  the  occurrence  of  coal  near  Fort  Ellis.  The 
only  rocks  in  which  I  noticed  it  were  those  of  Eocene  age.  At  only 
one  point  has  there  ever  been  any  mining  attempted.  This  one  point 
U  east  of  Spring  Canon,  about  four  miles  southeast  of  Fort  Ellis.  Coal 
was  discovered  here  in  1867  by  two  blacksmiths,  of  Bozeman.  Colonel 
J- D.  Chestnut,  bearing  of  the  discovery,  offered  to  furnish  provisions 
to  get  men  to  work  into  the  bed,  if  they  would  give  him  a  ^share.  This 
they  did,  and  afterward  left  him  sole  owner  of  the  claim,,  wbich  in- 
cludes one  hundred^  and  sixty  acres.  Fig.  28  is  a  section  of  the  coal 
^  G  showing  the  opening  into  it.  The  shaft  penetrates  the  bed  in 
a  horiasontal  direction,  and  has  reached  a  depth  of  250  feet  from  the 
eatraaee.  The  width  of  the  shaft  is  14  feet  at  the  widest  part.  The 
W  of  coal  is  considerably  wider,  and  dips  norWi  5(K>  east;  angle,  S(P. 
Oa  each  side  of  the  coal  there  are  beds  of  bluish  argillaceous  sand- 

So  s 
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stones,  vbiefa  are  followed  by  coarse,  gray  sandstonea  When  the  bed  was 

first  opened  tbere  were  several  seams  of  clay  in  it,  but  as  tbe  sbaft  peoe* 

trated  deeper  they  gradually  thinned  out,  and  at  present  there  is  only 

pjg_  ,g  one  in  the  center  of  tbe  coal, 

'     '  having  a  thickness  of  about 

twelve  inches.  The  coal  is  a 
.  lignite,  and  is  well  adapted 
for  blacksmiths'  purposes. 
It  is  used,  I  believe,  by  black- 
smiths of  Bozemaa,  wbo  like 
it  very  much.  Some  of  the 
coal  was  taken  to  Helena, 
and  is  said  to  have  yielded 
five  cubic  feet  of  ^ras  to  the 
pound.     As  tbe  shaft  goes 

I'  deeper  the  quality  of  tbe  coal 
seems  to  improve.  Up  to 
the  present  time  there  has 
been  but  little  demand  for 
coal. '  One  reason  of  this, 
m  or  oiay ;  c,  Openiiii  perhaps,  is  tbe  abundance  of 
""" "™-  timber    in     the    moantains 

near  Bozeman,  and  another  reason,  perhaps,  is  that  hitherto  there 
have  been  few  facilities  for  transportation,  the  road  through  Spring 
GaSon  having  only  lately  been  completed.  There  is  but  little  doubt, 
however,  that  ultimately  this  coal  will  be  extensively  used.  When  the 
Korthern  Pacific  Railroad  is  built  through  this  region  tbe  utility  of  tbe 
coal-beds  near  Fort  Ellis  will  become  more  and  more  apparent. 

I  have  made  the  following  analysis  uf  the  coal.  No.  1  is  a  poor  speci- 
men, Ko.  2  medium,  and  No.  3  the  best.  The  coal  is  black,  (brown  in 
powder,)  has  a  high  lu^r,  irregular  fracture,  specific  gravity.  The 
coke  is  moderately  good,  and  has  a  high  luster: 

AHalaais  jVo,  1. 

'  Per  cut. 

Water 6.00 

Volatile  mat  tent 32.9ft 
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For  purposes  of  comparison  I  insert  here  analyses  of  coal  from  Utah : 

JuaJjftif  of  coal  from  Evanston,  Utah,  (mine  of  the  Rocky  Mountain  Coal  and  Iron  Com- 
pany,) 

Per  cent. 

WatCT • 7.00 

Volatfle  matters 42.00 

OwboQ 45.00 

Arf^(reddish) 6.00 

*  100. 00 


» 


Average  of  three  analyeea  of  ooal  from  Evanston,  Utah,  by  Persyor  Eraser,  Jr.,  and  F, 
Piatt,  eeql,  (  United  Slates  Geological  Survey  of  Wyotning,  1870,  page  184.) 

Per  cent. 

Wtter 5.83. 

Yolttileaubstanoea..., 37.40 

Ash .' 7.46 

Hxed  carbon 49.50 


■^•*- 


100.19 

■ 

The  following  is  an  analysis  of  coal  from  the  mine  of  Bael  &  Bate- 
man,  at  Coalville,  Ut^h  Territory.  This  was  formerly  called  Sprigg's 
mine: 

Andlyeis. 

Per  cent 

Witer 6.50 

Toktilesabetances 41.70 

Csrboa 44.80 

iOk 7.00 

100.00 


Aael^ilf  specimen,  from  the  same  mine,  hy  Persifor  Fraser^jr,,  (United  States  Geological 
•  Survey  of  Wyoming,  page  183.) 

Percent 

Water  and  volatile  snbstances 50.80 

Ash 3.60 

Hxed  carbon 45.60 

100.00 


Ahont  a  mile  or  two  sonth  of  Spring  Gafion  I  visited  a  second  canon 
▼bich  another  branch  of  the  OaUatin  has  cut  in  the  range.  The  gen- 
eral direction  of  the  stream  in  this  canon  is  north  75o  east  The  expos- 
ore  of  the  Upper  Gretaceons  beds  is  perhaps  better  here  than  in  Spring 
Canon.  The  first  exposure  is  a  bed  of  white  crystalline  limestone,  dip- 
ping south  5(P  west:  angle,  50^.  This  limestone  is  followed  by  red  and 
yellow  sandstones,  which  are  themselves  succeeded  by  a  bed  of  brown 
nmestone,  weathering  bright  yellow.  These  occupy  between  one  and 
two  hundred  feet.  Then  follow  the  soft^  gray  sandstones  that  I  noticed 
near  Spring  Ganon  and  Bridger  Peak.  They  continue  for  about  half  a 
nnle,  when  we  come  to  Jurassic  rocks,  the  first  bed  of  which  we  recog- 
nize as  one  of  the  Spring  Ganon  layers.  It  dips  south  40^  west ;  angle, 
^.  It  is  followed  by  the  same  beds  we  saw  in  Spring  Oaiion.  They 
aiein  ^t  only  a  continuation  of  the  s^me.    The  Garboniferous  lime- 
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stones  form  the  ceuter  of  the  ridge,  the  onter  layers  on  either  side  dip- 
ping in  opposite  directions,  on  the  eastern  side  dipping  northeast  and 
those  on  the  western  side  southwest  The  general  strike  is  south  30^ 
east.  The  exposures  in  the  caiion  were  very  fine,  but  I  fonud  notJiing 
differing  from  what  I  have  described  in  Spring  Canon. 

On  the  13th  of  July  I  started  on  a  trip  to  Mystic  Lake,  about  twelve 
miles  nearly  south  firom  Fort  Ellis.  After  a  pleasant  ride  over  the 
grassy  plain  that  slopes  gently  from  the  mountain's  edge  we  began  to 
ascend  and  soon  found  ourselves  entangled  in  a  mass  of  dead  and 
fallen  timber.  After  considerable  trouble  we  reached  the  sulhmit  of  the 
hill  to  find  that  we  had  to  descend  again  on  the  opposite  side.  The  hills 
are  so  covered  with  vegetation  and  debris  that  the  character  of  its  rocks 
cannot  be  madd  out  certainly.  High  up  on  the  sides,  however,  there 
are  small  exposures  of  limestones  and  sandstones,  and  it  is  probable  that 
the  valley  is  underlaid  by  Cretaceous  formations.  What  their  exact 
« relation  is  to  the  ridge  running  south  from  Spring  Canon  it  is  rather 
difficult  to  determine,  though  it  is  probable  that  the  trail  runs  through 
a  synclinal  valley  on  one  side  of  which  lies  the  Spring  Canon  Ridge. 

The  trail  leads  us  now  through  pine-forests  and  anon  across  i>eautifal 
little  valleys,  each  a  garden  of  wild  flowers.  At  last,  after  crossing 
several  ridges,  we  reach  the  lake.  Mystic  Lake  is  the  head  of  Boseman 
Creek,  one  of  the  branches  of  the  East  Gallatin  Biver.  Near  it,  on  a 
level  fully  one  hundred  feet  higher,  are  two  exquisitely  beautiful  lakes, 
whose  beauty  is  half  hid  by  the  trees  fringing  their  banks.  One  of  them 
we  named  Emerald  Lake,  from  the  deep-green  tint  of  its  waters. 

The  valley  in  which  these  lakes  are  situated  is  synclinal,  one  side  being 
the  continuation  of  the  Spring  Canon  Kidge  and  the  other  a  spur  run- 
ning south  from  Mount  Ellis.  Opposite  the  lake,  to  the  southeast,  there 
is  a  volcanic  range,  at  the  base  of  which  we  find  the  Spring  Canon 
layers,  having  a  general  dip  to  the  southwest.  The  other  side  of  the 
synclinal  cuts  obliquely  across  the  lower  end  of  Mystic  Lake,  the  istrata 
dipping  north  4(P  east ;  angle,  500-60°.  At  present  the  lake  is  about 
three-fourths  of  a  mile  in  length  and  about  one-fourth  of  a  mile  wide.  It 
once  extended  farther  up  the  valley  and  lay  in  a  saucer-like  depression. 
From  the  gradual  elevation  of  the  valley  or  some  other  cause,  as,  the 
draining  of  the  lake  by  the  erosion  caused  by  its  outlet,  at  present  it 
occupies  the  lower  end  of  the  valley,  lying  on  the  edge^  of  the  Cretace- 
ous, Jurassic,  and  Carboniferous  strata. 

The  course  of  the  stream  of  which  Mystic  Lake  is  an  expansion  is 
about  south  20°  west,  making  an  angle  of  about  60°  with  the  strike  of 
the  strata.  On  the  western  shore  of  the  lake  there  are  exposures  of 
Jurassic  sandstones  and  limestones  precisely  like  those  of  Spring  Canon, 
and  in  which  occur  Ostrea  and  Camptonectes,  Below  the  Jurassic  come 
immense  beds  of  qnartzites  and  limestones,  the  upper  layers  of  whioh  are 
undoubtedly  Carbonitierous,  containing  Productus  Umgispinufj  S^ri/er 
lineata,  Semipronitea  erenestria^  Productus  seabriculusy  ZaphrentiSj  &c. 
The  thickness  of  these  beds  is  over 2,000  feet,  and  the  lower  strata  dioold 
probably  be  reibrred  to  a  lower  geological  horizon  than  the  Carboniferous. 
As  we  go  south  the  strata  turn  more  and  more  toward  the  west.  As 
we  go  toward  the  north  we  find  Mount  Ellis,  the  extreme  northern  end 
of  the  spur  or  ridge.  The  elevation  of  Mount  Ellis  is  8,41d  feet  above 
the  sea.  It  is  composed  mainly  of  Carbqniferous  limestones,  while  to 
the  west  and  at  the  base  are  gneissic  rocks.  The  elevation  of  this  ridge 
was  probably  contemporaneous  with  that  of  the  Bridger  Range,  as  its 
formation  seems  to  be  similar.  As  we  follow  the  ridge  southward  it 
curves  until  the  trend  is  almost  east  and  west.    It  probably  once  formed 
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a  portion  of  tbe  soathem  shore  of  the  ancient  lake,  as  the  Brid^er  Range 
did  part  of  the  eastern  shore,  while  Monnt  Ellis  and  Bridger  Peak  may 
have  been  promontories  projecting  into  it.  The  action  of  volcaDic 
forces  within  a  very  short  distance,  however,  has  complicated  matters 
io  soch  an  extent  that  any  opinion  must  be  conjectural,  and  fature 
careful  stody  will  be  required  to  prove  or  disprove.  The  elevation  of 
the  lake  above  sea-level  is  6,468  feet,  which  is  1,533  feet  higher  than  the 
elevation  of  our  camp  at  Fort  Ellis.  The  synclinal  valley,  which  I 
referred  to  above,  has  no  later  rocks  than  the  Cretaceous.  Why  there 
shonld  be  no  Tertiary  beds  here  is  perhaps  a  little  difiicult  to  understand. 
That  there  have  never  been  any  is  evident,  or  there  would  be  some 
remnant  or  trace  oi^  them  left  Erosion  could  scarcely  have  removed 
all  withont  some  trace  being  left.  Moreover,  this  is  not  a  valley  caused 
by  eroeion.  Perhaps  the  elevation  of  this  point,  which  may  have  been 
greater  in  the  past,  precluded  the  possibility  of  the  Tertiary  beds  reach- 
ing this  point. 

Bozeman  Greek,  leaving  Mystic  Lake,  flows  at  first  a  little  west  of 
south,  and  torning  flows  more  toward  the  west,  until  finally  it  flows  in 
a  northwesterly  direction.  At  first  it  cuts  its  way  in  a  deep  gorge 
almost  at  right  angles  to  the  strata,  over  which  it  rushes  in  a  series  of 
easeadefl  half  hidden  by  the  overhanging  vines  and  brush.  Within  a 
quarter  of  a  mile  it  falls  about  five  hundred  feet.  Just  below  the  lake 
it  is  joined  by  a  stream  coming  in  from  the  left.  It  heads  at  the  base 
cf  the  volcanic  range,  which  lies  to  the  east  of  Mystic  Lake.  Following 
the  course  of  this  creek  there  is  a  bed  of  volcanic  breccia  which  has 
flowed  from  the  head  of  the  valley.  It  is  composed  of  sharp  angular 
fiagments  of  basalt,  varying  in  size  from  three  inches  to  a  foot.  The 
I»evailing  colors  are  black  and  a  brick  red.  The  cementing  material  of 
4ms  breccia  seems  to  contain  fragments  of  sandstone  like  those  seen  in 
the  Eocene  beds.  The  belt  covered  by  this  bed  of  breccia  is  not  over  a 
quarter  of  a  mile  in  width. 

The  minerals  I  obtained  while  at  Fort  Ellis  are  as  follows,  viz:  rhomb- 
spar,  dog-tooth  spar,  quartz,  agate,  red  and  yellow  jasper,  and  coal.    . 

We  left  Fort  Ellis  on  the  20th  of  July  and  started  for  the  valley  of 
Ae  Yellowstone.  For  about  three  miles  our  course  was  in  an  easterly 
direction,  when  we  turned  toward  the  southeast  and  followed  one  of  the 
branches  of  Mill  Greek,  the  stream  that  flows  through  Spring  Ganou. 
Our  road  led  us  over  Tertiary  sandstones.  Gamp  No.  2  was  in  a  mouo- 
dinal  valley,  near  the  head  of  Mill  Greek.  The  hills  on  the  east  side 
of  the  valley  were  Tertiary,  while  those  on  the  west,  dipping  in  the  same 
direction,  were  Gretaceous.  The  former  were  about  400  feet  high  and 
composed  of  sandstones,  the  texture  of  which  varied,  some  of  the  layers 
being  qaite  soft,  while  others  were  very  hard,  seeming  to  have  been  met- 
amorphosed. Many  of  them  contained  impressions  of  deciduous  leaves, 
which  Professor  Lesquereux  has  determined  to  be  Eocene.  Among 
them  he  found  Platanus  aceroides^J^agvs  antipofiy  Salisburia  polymorpha^ 
Jtiglans  dentietUatOj  and  Gymnogramma  Haydenii.  He  says,  '^  The  most 
interesting  discovery  is  that  of  ISaliahuria  polymorpha^  described  from 
Evan's  specimens  of  Vancouvers  Island,  a  long  time  ago."  This  would 
mdieate  a  correspondence  in  the  Tertiary  flora  of  the  Pacific  coast,  and 
that  on  the  east  side  of  the  Booky  Mountain  divide  as  at  present  consti- 
tQted«  and  thns  points  to  the  modem  elevation  of  the  range.  Mr.  Meek 
inds  also  a  correspondence  in  the  Gretaceous  shells  of  the  two  localities 
referred  to*  and  says  also  that  they  do  yot  correspond  to  the  forms  found 
farther  eaat>  which  would  lead  us  to  suppose  that  at  the  period  of  tbeir 
deposition  the  divide  of  the  Bocky  Mountain  must  have  been  more  to  the 
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eastward  of  the  present  divide.  One  of  the  layers  containing  the  best  fos- 
sils showed  a  plane  of  cleavage  that  was  oblique  to  the  plane  of  deposit, 
rendering  it  extremely  difficult  to  get  perfect  specimens.  The  color  of 
these  sandstones  was  mostly  a  gray,  passing  in  places  into  a  greenish  tint 
Intercalated  with  them  were  some  beds  of  basalt,  which  was  probably 
the  cause  of  the  metamorphism  observed.  In  climbing  over  these  hills 
I  found  numerous  indications  of  coal-beds,  one  of  which  was  just  above 
our  camp.  There  was  no  outcrop  visible,  but  a  prairie-dog  in  burrowing 
had  penetrated  the  bed,  and  revealed  its  presence  by  the  coal  he  had  dug 
out.  On  the  21st  I  visited  the  hills  west  of  camp.  The  first  ridge  was  4l6 
feet  above  the  level  of  the  creek,  and  composed  of  gray  and  green  sand- 
stones contain  ing  Ifioceramtis  and  other  Cretaceous  fossils.  The  dip  of 
these  strata  is  5(P  northeast ;  angle  of  inclination,  65^.  The  layers  be- 
tween this  ridge  and  the  Eocene  on  the  opposite  side  of  the  valley,  having 
been  soft  sandstones,  have  been  washed  away  to  form  the  bed  of  the 
stream.  From  this  first  ridge  I  ascended  to  the  next,  still  higher,  but 
parallel  to  the  first.  The  firot  strata  were  light-gray  sandstones,  very 
much  metamorphosed.  These  beds,  which  I  take  to  be  of  Cretaceous 
age,  continued  for  about  half  a  mile,  and  were  followed  by  50  feet  of 
coarse,  reddish  sandstones,  the  lower  layers  of  which  were  conglomerate. 
Kext  came  a  layer  of  very  hard  sandstone  containing  fragments  of 
fossils.  This  was  about  10  feet  in  thickness,  and  is  followed  by  30  feet 
of  white  quartzite.  The  summit  of  this  ridge  is  818  feet  above  the 
valley  and  402  feet  above  the  top  of  the  first  ridge.  I  followed  it  until 
the  timber  obstructed  my  passage,  and  I  returned  to  the  valley.  These 
beds  are  a  continuation  of  those  exposed  at  Spring  Canon,  and  are 
underlaid  by  the  Jurassic  and  Carboniferous.  Our  course  on  the  2l8t 
was  up  the  valley  to  its  head,  when  we  crossed  the  divide  to  Trail  Creek, 
a  tributary  of  the  Yellowstone  Biver,  which  we  followed  and  camped  in 
the  valley  of  the  Yellowstone.  This  divide  is  5,821  feet  above  the  sea. 
The  strata  here  have  been  so  leveled  and  covered  with  dSbris  and  vege- 
tation that  it  becomes  very  difficult  to  trace  the  various  beds.  It  is 
probable,  however,  that  they  curve  toward  the  east  and  cross  the  valley, 
for  a  few  miles  after  leaving  the  divide  there  is  on  the  left-hand  side  of 
the  road  an  exposure  of  Carboniferous  limestones  dipping  a  little  east 
of  north.  Cfh  the  right  hand,  a  few  miles  to  the  south  and  west,  there 
are  numerous  volcanic  peaks,  their  sharp,  jagged  edges  standing  out 
boldly  against  the  sky.  As  we  neared  the  valley  of  the  Yellowstone, 
we  came  to  a  bed  of  volcanic  breccia,  resembling  that  at  Mystic  Lake 
and  originating  evidently  in  the  same  center  of  eruption.  Trail  Creek 
has  cut  through  this  breccia,  leaving  a  high  butte  standing  on  the  left 
bank  of  the  creek  a  few  miles  from  its  mouth.  The  top  of  this  butte 
seems  to  be  composed  of  compact  rock.  A  few  miles  from  the  divide 
on  Trail  Creek  there  are  coal-beds,  none  of  which,  however,  have,  ever 
been  mined. 

Camp  No.  3  was  in  the  Yellowstojie  Valley,  on  Eight-Mile  Creek,  a 
few  miles  f^:om  its  junction  with  the  river.  The  valley  of  the  Yellow- 
stone is  filled  with  Pliocene  deposits  of  about  150  feet  thickness,  on  top 
of  which  there  are  horizontal  beds  of  basalt,  which  once  probably  ex- 
tended over  the  whole  valley,  forming  anr  immense  plateau  through 
which  the  river  has  cut  its  bed,  removing  immense  quantities  of  ma- 
terial. The  basalt  is  covered  with  local  drift  from  the  mountains.  The 
foot-hills  on  the  western  side  of  the  valley  are  composed  of  volcanic 
breccia.  Thegre  has  evidently  been  more  than  one  period  of  eruption, 
for  farther  up  the  valley  there  are  several  layers  of  basalt,  between 
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vhich  there  are  Pliocene  sandstones.    The  colnmnar  form  is  beaatifully 
ebowii  in  many  places  throughoat  the  valley. 

From  Camp  No.  3  I  ascended  the  foot-hills  which  lie  to  the  west, 
bordering  the  Yellowstone  Valley.    These  hills  rise  about  3,000  feet  above 
the  level  of  the  river.     Proceeding  three  miles  from  the  river  we  reached 
the  base  of  the  hills  and  fonnd  the  lower  ones  composed  almost  entirely 
of  breccia,  while  farther  back  we  find  laminated  tracfiytes,  which  are  ia- 
dioed  ai  an  angle  of  about  40°,  aa  though  the  lava  had  been  poured 
forth  in  successive  layers  and,  after  cooling,  had  been  tipped  up  by  sub- 
sequent volcanic  action.    It  is  probable  that  under  this  volcanic  mans 
we  would  find  all  the  sedimentary  rocks,  from  the  (Jretaceous  to  the 
Carboniferous  o;  even  lower.     A  few  miles  from  the  river,  where  the 
Bniall  streams  have  cut  deeply  into  the  hills,  we  find  rocks  containing 
Cretaceous  fossils.    Farther  up,  however,  the  volcanic  rocks  conceal  all 
the  underlying  formations. 

Our  next  camp,  No.  4,  was  some  eight  or  ten  miles  farther  up  the 
valley,  on  a  basaltic  plateau  near  Bottler's  ranch.    The  general  eleva- 
tion of  this  plateau  above  the  river  is  between  100  and  2(KI  feet.    Near 
Bottler's  there  arc  several  good  exhibitions  of  basaltic  columns,  and  on 
the  opposite  side  of  the' river  the  underlying  marls  and  white  sand- 
fitcmes.    A  few  miles  west  of  Bottler's  we  find  ourselves  in  the  midst  of 
volcanic  rocks  of  all  kinds  and  colors,  basalts  predomiuating.    The  pre- 
Tailing  color  of  these  rocks  is  a  brick-red  and  dull  purple.     Scattered 
over  the  hills,  as   well  as  throughout  the  entice  valley  of  the  Yellow- 
Etone,  we  fiud  cl]ii>s  of  black  obsidian,  chalcedony,  agate,  »nd  jasper. 
I  got    some    very 

gooil  specimens  of  ^^^-  ""' 

w\  jasper   associ- 
ntedwilh  blue  chal-  . 
cedony,    and    also 
specimens  of  olir- 
tue  from  the  basalt. 
We  left  Bottler's 
OD  the  24tb,  and 
started  up  the  val- 
ley, camping  iu  the 
afternoon  (Camp 
No.  5)    on    Gauou 
Creek,  eleven  mites 
aliove    Bottler's. 
CaiioQ  Creek  joins 
tbe  Yellowstone 
jufit  aftet  the  latter 
has-  emerged  from 
the  second  caSon. 
(Fig.  29.)  The  rocks 
of  the  second  canon 
are  all  gneissic,  and 
as  Idescribed  them 
ill  the   report   for 
ISTl,   I  will   pass 
them  here.    Be- 
t.«»B<,ttl«f»»n<l  ,„„„.,„  .....x.......,^... 

tbe  second   canon 

the  tnil  leadB  us  along  tbe  western  side  of  the  Yellowstone,  being  part 

of  the  way  at  a  considerable  height  above  the  river  on  blufis  of  volcanic 
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brec(^ia.  The  prevailing  color  of  this  breccia  is  a  gray,  but  the  includecl 
masses  have  an  almost  infinite  variety  of  color,  green,  purple,  and  red 
masses  being  abundant. 

On  the  24th  of  July,  in  company  with  Messrs.  Wakefield  and  Savage 
of  the  expedition,  I  starts  up  Caiion  Creek  from  camp  No.  5  with  the 
intention  of  crossing  the  hills  west  of  the  second  caiion  and  striking 
the  Yellowstone  Eiver  near  Cinnabar  Mountain,  where  the  party  ex- 
pected to  camp.  The  valley  of  Canon  Creek  is  quite  wide  and  well 
watered,  there  being  several  small  lakes  bordering  it.  We  followed  the 
course  of  the  stream  but  a  short  distance,  when  we  struck  up  on  the 
hills.  The  volcanic  rocks  here  seem  to  be  in  contact  with  the  gneisses. 
{Scattered  among  the  volcanic  rocks  I  found  silicified  wood  in  abundance. 
After  a  long  and  arduous  climb  over  the  lower  hills  we  reached  a  long 
ridge  of  volcanic  breccia,  which  seemed  to  be  a  spur  of  the  main  ridge, 
and  to  the  summit  of  which  it  led.  It  projected  from  it  at  a  right  angle. 
So  foUowiug  it  up  we  at  last  gained  the  top,  and  found  ourselves  on  the 
edge  of  a  precipice,  which  formed  a  portion  of  the  opposite  side  of  the 
ridge.  Looking  over  the  precipice  we  saw  we  were  on  the  top  of  a 
blank  vertical  wall  of  over  2,000  feet  in  height.  The  elevation  of  the 
mountain  we  were  on  was  9,478  feet  above  sea-level  and  4,377  feet  above 
the  camp  (No.  5)  we  had  just  left.  The  view  from  the  summit,  how- 
ever, repaid  us  well  for  our  toilsome  climb.  To  the  south  and  west  the 
entire  country  seemed  to  have  been  subjected  to  the  most  intense  vol- 
canic action,  followed  by  an  immense  amount  of  erosion.  Somber- 
colored  ridges,  with  sharp,  piercing  peaks  and  conical  crater-like  points, 
with  deep  gorges  between,  testify  to  the  former  disturbances.  All  about 
us  were  deep  banks  of  snow.  In  order  to  descend  we  were  obliged  to 
follow  the  ridge  toward  the  north  until  we  came  to  a  spur  projecting  at 
right  -angles  from  it.  This  spur  sloped  gradually  to  the  valley  of  Cin- 
nabar Creek,  a  small  stream  tributary  to  the  Yellowstone  River.  We 
descended  on  this  spur  to  Cinnabar  Creek,  and  then  followed  it  around 
Cinnabar  Mountain,  reaching  camp  at  night-fall.  Cinnabar  Mountain 
shows  a  patch  of  the  sedimentary  rocks  that  everywhere  else  near  here 
seemed  either  to  have  been  covert  by  the  outflow  of  lava  or  to  have 
been  washed  away.  It  is  probable  that  both  causes  have  operated. 
The  northern  portion  of  the  mountain  is  made  up  of  gi-anitic  rocks,  a 
continuation  of  those  seen  in  the  second  caiion.  Upon  these  rocks  rest 
quartzites,  followed  by  limestones,  the  upper  layers  of  which  are  un- 
doubtedly Carboniferous.  The  limestones  are  followed  by  quartzites 
•again.  One  ridge  of  this  quartzite  forms  the  northern  wall  of  the 
Devil's  Slide,  while  the  southern  wall  is  formed  of  a  dike  of  dark  green 
^porphyritic  rock.  This  dike  probably  separates  the  Carboniferous  from 
the  Jurassic.  Between  these  two  almost  vertical  walls  the  softer  ma- 
terial has  been  washed  out.  Adhering  to  thedike  are  pieces  of  a  blue-day 
slate,  and  following  it  we  find  Jurassic  beds  of  slates  and  limestones  con- 
taining Myctscitessubcampressaj  Fholadomyay  and  Camptonecies.  Kextcome 
Cretaceous  beds,  in  which  there  are  indications  of  coal,  and  containing 
ScaphiteSj  Ventricosa^  BaculiteSj  Ostrea,  InooeramuSj  and  Trigonia,  All  the 
beds  I  have  mentioned  above  have  a  dip  to  the  southwest  and  an  incli- 
tion  of  from  60^  to  80o  About  a  half  mile  above  the  DeviPs  Sljde  we 
find  that  the  beds  seem  very  much  crushed  together,  and  within  a  very 
short  distance  dip  southwest,  and  are  horizontal  and  dipping  northeast. 
A  visit  to  one  of  the  high  peaks  in  the  neighborhood  gave  as  a  clew  to 
this  curious  contortion  of  the  strata. 

On  the  morning  of  the  20th  of  July  Mesetrs.  Oannett,  Brown,  and 
myself  started  to  make  the  ascent  of  the  peak,  which  lay  to  the  tsouth- 
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weBt  of  camp.    Oar  way  was  np  a  long  ridge,  which  seemed  to  us  to 
lead  to  t^e  sammit  of  the  peak.    The  rocks  immediately  beneath  ns 
were  Gretaceons  sandstones.    On  reac}iiug  the 
timber-line  (9,442  feet  above  sea-level)  we 
foand  we  would  have  to  finish  the  ascent  on 
foot,  as  t-he  slope  became  too  steep  for  the 
horses.    8o  dismounting  we  picketed  them, 
and  started  for  the  sammit.    The  sandstones 
over  which  we  passed  reach  within  500  feet  of 
the  top,  dipping  to  the  northwest.    The  sam- 
mit of  the  peak  seemed  to  be  made  up  of  an 
immense  pile  of  brokenup  Tolcanic  rock,  (a 
rusty-gray  trachyte.)    When  we  were  within 
about  500  feet  of  the  top  a  storm  came' up,  and 
we  were  enveloped  in  cloads.    The  ascent  here 
was  very  difficult,  as  the  fragments  of  rock 
weie  very  sharp,  and  most  of  them  loose,  slid- 
ing finom  beneath  us  as  we  climbed  over  them. 
Mr.  Gannett  succeeded  in  attaining  the  highest 
point  and  depositing  his  instruments,  when  he 
discovered  that  he  was  in  the  midst  of  an  elec- 
trical cloud,  and  his  feelings  not  being  of  the 
most  agreeable  sort  he  retreated.  Asheneared 
VB  we  observed  that  his  hair  was  standing  on 
cod,  as  though  he  were  on  an  electrical  stool, 
and  we  could  hear  a  series  of  snapping  sounds, 
as  tiiough  he  were  receiving  the  charges  of  a 
namber  of  electrical  frictioual  machines.    Mr. 
Brown  next  tried  to  go  up,  but  received  a  shock  ||  | 
which  deterred  him.    The  cloud  now  began  to  ^"^  " 
settle  about  us,  and  we  descended  some  500  f^  ^ 
feet,  and  waited  until  the  storm  passed  over. 
About  4  o'clock  in  the  afternoon  we  succeeded 
in  leaching  the  top,  and  Mr.  Gannett  found  the 
altitude  of  the  peak  to  be  10,992  feet  above  the 
Ilea.   We  named  it  Electric  Peak.   The  eastern 
side  is  hollowed,  and  from  the  base  two  small 
creeks  flow  to  join  the  Yellowstone.    Between 
the  peak  and  the  Hot  Springs,  on  Gardiner's 
Siver,  there  must  have  been  acenter  of  volcanic 
action,  for  the  sedimentary  beds  opposite  the 
springs  dip  in  the  opposite  direction  to  that  of 
the  beds  on  the  western  side  of  Electric  Peak, 
and  thcspace  between  is  filled  with  volcanic 
material,  from  which  ^  a  cone-like  moan  tain 
rises.    This  will  also  explain  the  crushing  to- 
gether of  the  strata  above  the  Devil's  Slide. 
Descending  the  peak  after  completing  our  ob- 
lervatioDS  we  reached  our  horses  about  6 
o'clock  in  the  evening,  and  soon  were  on  the 
way  toward  camp,  with,  however,  but  little 
bopeof reachingitthat  night,  as  themain  puty 
bad  started  up  the  river  in  the  morning  after 
ire  left  camp.    After  dark  we  camped  on  tbe 
banki  of  Ctedhe  Oreek^  some  miles  from  the 
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vaUi^  of  tiie   X'ellowstone.    The  next  day  about  noon  we  reached 
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camp  at  the  Hot  Springs,  on  Gardiner's  Siver.  Opposite  the  spriiigs 
there  is  a  high  wall,  which  presents  the  edge  of  Cretaceous  and  Lower 
Tertiary  strata  for  a  vertical  distance  of  nearly  2,000  feet.  The  river 
has  cut  its  way  through  a  sort  of  a  raonoclinal  valley,  resting  on 
either  Carboniferous  or  Jurassic  beds,  while  on  the  east  side  of  the 
river  we  have  the  Cretaceous  beds  I  spoke  of  above.  The  lower  layers 
are  very  calcareous,  and  contain  thin  beds  of  limestone,  from  which  1 
obtained  good  specimens  of  calcite  and  Iceland  or  -double-refracting 
spar.  Kear  the  forks  of  the  river,  about  half  a  mile  above  the  springs, 
we  have  exposures  of  lower  beds,  in  which  there  are  seams  of  earthy 
lignite,  associated  with  which  I  observed  selenite,  coating  some  of  the 
argillaceous  sandstones.  There  is  an  exposure  of  this  earthy  lignite 
some  four  miles  farther  down  the  river,  a  continuation  probably  of 
the  same  beds.  Near  the  top  of  the  wall  there  are  Tertiary  beds  inter- 
calated with  basalt.  The  topmost  layer  of  the  latter  stretches  away  to 
the  east  in  a  broad  plateau,  and  on  the  edge  the  columnar  form  is 
well  shown.  It  probably  once  extended  on  both  sides  of  the  river,  and 
came  from  a  point  west  of  the  springs.  All  the  beds  mentioned  above 
dip  to  the  northeast  at  an  angle  which  averages  about  15o.  The 
limestones  which  dip  under  Gardiner's  River  extend  under  the  Hot 
Springs,  and  are  probably  the  source  of  the  lime  observed  in  the  waters 
and  deposits.  The  section  shown  in  Fig.  30  will  perhaps  show  more 
clearly  the  relations  of  the  various  beds  near  the  Hot  Springs.  The 
springs  were  so  fully  described  in  the  report  of  last  year  (1871)  that  I  will 
not  take  the  room  to  describe  them  again,  inasmuch  as  it  vtouUI  be  a  mere 
repetition.  We  spent  two  days  in  camp  there  this  year,  during  which 
time  I  made!  a  more  complete  record  of  the  springs  and  their  tempera- 
tures and  noted  the  changes  that  have  taken  place  since  our  last  visit. 
Since  then  there  have  been  a  number  of  cabins  and  bathhouses  erected, 
and  notwithstanding  the  difficulties  of  reaching  the  springs  there  were 
about  thirty  persons  there  enjoying  the  benefits  to  be  derived  from 
drinking  and  bathing  in  the  waters. 

The  top  of  the  gorge  in  which  the  springs  are  situated  is  1,285  feet 
above  the  level  of  the  river.  I  will  commence  with  the  springs  at  the 
level  of  the  river.  These  are  seven  in  number,  and  remain  about  the 
same  as  they  were  l^st  year,  with  the  exception  that  some  of  them  have 
been  artiiicially  enlarged.  The  temperatures  here  are  lower  than  we 
find  higher  up,  and  the  springs  are.  tilled  with  bright-green  Confer- 
voidea.  The  following  table  gives  all  the  points  of  interest  in  regard 
to  these  springs : 

»  Springs  ai  the  lercl  of  the  river. 

Time  of  observation,  8.30-8.40  a.  m.,  July  29, 1873.^There  was  no  perceptible  gas  given  ofll 


No. 

Size  of  spring. 

Depth. 

Temperatuiie 
of  air. 

Temperature 
of  spring. 

Elevation  above 
.sea-level. 

1 
2 
3 

Inches, 
12x12 
30x30 

Inches, 
3 
12 

7(PF. 

70 

70 

70 

70 

70 

70 

104°  P. 
104 
111 
114 
112 
94 
132 

Feet. 
0,750 
6,750 
5,750 

4 

24x24 

f  Artificially  S 
i     onlarpred.i 

5,750 

5 

5,750 

6 

7 

5,750 
•5,750 
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As  we  go  from  the  river  up  the  hill  toward  the  main  springs  we  meet 
with  a  large  pool  of  hot  water  of  about  100  feet  diameter.  It  is  230 
feet  above  the  level  of  the  river,  and  on  ita  edge  there  are  several 
iprings.  Of  two  I  took  the  temperatures,  and  tbuad  them  both  to  be 
140°  F.,  the  temperature  of  theairbeiug65°F.and  the  time  of  observa- 
tion R  a.  m.  A  short  distance  farther  up  we  came  to  the  main  mass  of 
springs,  arranged  on  a  series  of  terraces  at  different  levels.  The  first 
terrace  is  628  feet  above  the  level  of  the  river.  The  principal  springs 
■re  on  the  first  ten  terraces,  and  as  we  go  up  the  valley  we  find  that, 
•ItbOQgh  there  were  once  many  spriugs  here  of  a  most  active  character, 
lit  the  present  time  they  have  nearly  all  died  oat.  The'first  four  or  five 
have  tlie  hottest  springs.  The  boiling-point  at  these  springs  varies  from 
1990.5  to  200O.9,  I  give  the  temperatures,  &c.,  below  iu  tikbular  form. 
The  observations  were  all  made  on  the  28th  of  July. 
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1 
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1 

11.  <0  tt.  ni 
11.40  Lm. 

lEs;"'" 

ISlB-Xiain... 

31n.X4ln 

din-XSiB 

ifuxaft 

1ft  Xllft 

4  !tx  3  ft  .■;;:;! 

78 

TO 
78 

74 

148 
14e 

14S 
116 

lao 

er-^:r^ 

a  In. 
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It 

M 
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Ibe  elevatioD  of  the  ridge  just  above  tbe  fourteeoth  terrace  is  7,035  feet 

pig,  gi.  The  greatest  change 

i'_  in  the  springs  was  uo- 

.   tioed  on  the  iiinth  and 

it  twelfth  terraces.     The 

i  former  in  1871  was  al- 
most entirely  covered 
with  water,  throngh 
which  the  various 
I  springs  coald  be  noted 
T  by  the  points  of  ©bnl- 
"(lition.  It  was  impos- 
ibl6  to  walk  auy- 
i  where  bnt  around  tbe 
[  edge.  How,  however, 
[  the  most  of  the  water 
I  bas  disappeared,  and 
Ijtonly  the  springs  re- 
^  main,  andonecau  walk 
K  almost  anywhere  on 
[sthe  terrace.  On  Xhe 
u  twelfth  terrace  there 
5  are  a  great  many  new 
'Ispriugs,  all  of  which 
I  have  a  higb  tempera- 
I  (nre.  Carbonic-acid 
I  gas  can  be  detected  ia 
u  the  springs  of  tbe  fonr- 
jteenth  terrace  by  the 
[taste.  These  springs 
■  are  hid  in  the  grass, 
I  and  it  is  only  by  caie- 
I  ftii  seorohiDg  that  tbey 
are  fooDd. 
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Dr.  Bndlich  has  made  the  foUowiog  naalysis  of  the  deposits  from  these 
Spruigs : 

LtnsatlltF  C...     1.75p«rc«nt  I  „  .„ 

Loas  at  ignition..  30. 35 percent,  f ^' '" 

Lime 57.70 

Silica 3.32 

Ferric  oacyd 3.62 

Ahuniua 3.31 

ilafucsia. . a ■ ■ Trace. 

So£i' .'. J. Trace. 

100.05 

Fignres  31  snd  32,  drawa  by  Mr.  Holmes,  will  perhaps  give  the  reader 
a  good  idea  of  Home  of  the  i>ecQliai;  formatioos  noticed  at  these  spriD)^ 
Fig.  31  shows  the  pools  or  basios  which  were  so  fully  described  by  Dr. 
Hayden  ia  the  report  for  1871,  aod  which  form  one  of  the  most  beantiful 
featnres  of  the  springs.    The  pjg,  3,, 

vater  in  all  of  them  is  either 
varm  or  hot  according  to  their  p 
positiou,  the  lower  ones  haviog  W 
the  coolest  tvater.  The  water  I 
bas  also  that;  exqnisitely  beau-  [ 
tifol  blue  tint  which  is  beyond  | 
description,  and  which  forms  | 
Boch  tuuidaome  contrasts  to  | 
tbe  white,  marble-like  basins  I. 
invbichitis.  Thewaterpours  ^ 
from  one  baain  to  another  and  ^ 
forms  stalactitic  process) 
vhich  bang  from  their  sides  I 
uaeen  ID  tlie  picture.  At  the  I 
bottom  of  the  upper  basin  in  I 
the  illastnitioQ  tbe  processes  I 

bare  united  with  those  formed  *>-——"--  —  "'  -*>""-'  "-.nu,  u,«umc»»  -™>. 
from  beluw  by  the  dropping  of  the  water,  while  in  tbe  lower  bastn  tbey 
bave  not  yet  come  together,  but  still  form  true  staliictitic  processes.  Over 
the  outside  surfaces  of  the  basins  we  find  also  bead-like  processes,  caused 
■leo  by  the  dropping  of  the  water.  The  great  amount  of  lime  in  these 
deposits  gives  them  a  beautiful  white  appearance.  _ 


CHAPTER    III. 

GAEDDfEE®    EIVEE  TO  MUD- VOLCANOES,  YELLOWSTONE 
VALLEY. 

We  left  tbe  Hot  Springs  od  the  29th  of  Jjily  and  made  our  next  camp 
on  Black-Tail  Deer  Creek  near  the  Yellowstone,  a  few  miles  above  Gar- 
diner's Biver.  Our  camp  was  on  ^  portion  of  the  plateau  that  extends 
eastward  from  tbe  top  of  the  bluff-wall  opposite  the  springs.  The  rock 
immediately  beoeath  us  was  a  violet>colored  trachyte  oontainiug  crys- 
tals of  sanidine.  Between  our  camp  and  the  Yellowstone  Eiver  there 
were  some  exposores  of  Carboniferous  limestone,  evidently  the  direct 

*Bj  Npectroacopio  examinatioii. 
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prolongation  of  the  layers  noticed  in  the  la^t  chapter  as  occurring 
at  Cinnabar  Mountain.  Just  below  these  outcroppings  the  river 
passes  l^hrough  the  third  canon,  the  rocks  of  which  are  gneissic,  apon 
which  the  limestones  rest.  On  the  west  side  of  the  river  there  are 
fine  exposures  of  black  micaceous  gneiss,  inclining  southeast  On 
the  opposite  side  there  are  three  streams  which  cut  their  way  to  the 
river  through  the  solid  granite.  About  a  mile  east  of  camp  I  visited  a 
butte  of  limestone  which  rose  above  the  surrounding  volcanic  rock  like 
a  liuge  monument.  The  dip  was  southwest  at  an  angle  of  about  5(P. 
From  these  layers  I  obtained  hemipronites^  spirifer^  and  rhyndhoneHa. 

The  following  day  we  moved  our  camp  to  the  Yellowstone  and 
pitched  our  tents  in  a  beautiful  grassy  valley  on  Elk  Greek,  about  one 
mile  from  the  Yellowstone  Biver.  About  two  miles  above  ns  the  East 
Fork  of  the  Yellowstone  joined  the  main  river.  Our  camp  (No.  9)  was 
334  feet  lower  than  the  previous  one,  (No.  8.)  The  descent  from  the 
plateau  was  rather  abrupt,  and  gave  us  a  chance  to  see  the  structore  of 
the  Eocene  beds,  which  were  here  composed  of  coarse,  yellowish-brown 
sandstones,  intercalated  with  basalt  and  trachyte.  The  sandstones  in 
some  places  are  conglomerate,  and  all  are  considerably  metamorphosed. 
Some  of  the  layers  contained  impressions  of  deciduous  leaves,  among 
which  Professor  Lesquereux  has  found  Platamis  nobiliSy  Fagus  antipofij 
and  a  new  species  described  in  his  report.  The  volcanic  rocks,  mostly 
basaltic,  contained  a  large  percentage  of  iron,  and,  on  weathering,  pre- 
sented a  rusty  appearance.  In  some  I  found  green  jasper  and  chal- 
cedony. The  valley  of  Elk  Creek  below  our  camp  presented  a  curious 
appearance.  The  river  and  the  small  streams  h'lve  cut  their  way 
deeply  through  the  Tertiary  beds,  leaving  table-like  buttes  standing 
between  each  one,  being  capped  with  a  volcanic  layer,  the  top  of  which 
is  perfectly  level.  They  are  merely  the  remnants  of  layers  that  once 
extended  over  the  entire  valley.  Beneath  the  volcanic  layers  the  soft 
gray  and  brown  sandstones  have  yielded  readily  to  the  action  of  t±ie 
water,  and  the  canons  are  deep,  with  perpendicular  walls. 

The  Tertiary  beds  seem  to  rest  immediately  on  the  gneissic  rocks 
at  this  point,  and  before  their  deposition  there  was  undoubtedly 
a  great  deal  of  erosion.  The  thickness  of  the  Tertiary  beds,  includ- 
ing the  volcanic  layers,  is  about  400  feet.  Throughout  the  valley  in 
which  we  were  camped  there  was  an  immense  number  of  granite-bowl- 
ders of  all  sizes,  which  were  evideatly  washed  down  the  valley  of  the 
East  Fork,  for  we  find  them  strewn  along  that  river  for  some  distance 
above  its  junction  Vith  the  Yellowstone.  On  the  east  side  of  the 
Yellowstone,  near  Hell  Roaring  Greek,  there  are  some  high  granite 
mountains,  and  the  entire  surrounding  country  is  very  rugged  and  will 
some  day  form  a  most  interesting  field  of  study.  Our  time  was  too 
limited  to  attempt  to  penetrate  it  at  all.  Kear  the  junction  of  the  two 
forks  of  the  Yellowstone  there  has  been  a  bridge  thrown  across  the 
main  stream.  Just  at  this  point  we  find  an  exposure  of  granite.  This 
passes  into  micaceous  gneiss,  which  is  overlaid  by  sandstones,  on  top  of 
which  there  is  a  bed  of  conglomerate,  made  up  mostly  of  volcanic  frag- 
ments. Crossing  the  river  we  soon  find  ourselves  surrounded  with  vol- 
canic rocks.  A  short  distance  from  the  river  there  is  an  isolated  table- 
l\ke  butte,  rising  600  feet  above  the  -level  of  the  river.  It  ia  capped 
with  basalt  of  considerable  thickness,  beneath  which  are  soft  Tertiary 
sandstones.  The  floor  of  the  butte  is  quite  level,  and  is  strewn  with 
granite-bowlders.  It  is  evidently  only  another  remnant  of  the  basaltic 
layer  I  have  referred  to  above,  which  once  extended  over  an  immense 
area.    As  we  proceed  up  the  Yellowstone,  it  becomes  thicker.    Follow- 


346  feet. 
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in^  the  river  we  found  that  a  short  distance  above  the  bridge  it  emerges 
from  a  deep  canon.  At  the  lower  end  of  this  canon  there  are  a  number 
of  hot  springs  on  the  ^ge  of  the  river.  We  could  distinguish  at  least 
four.  They  were  surrounded  by  a  considerable  deposit  of  sulphur  and 
iron.  They  give  off  sulphuretted  hydrogen  abundantly.  We  were  some 
500  feet  above  them,  and  yet  the  surrounding  air  was  strongly  impreg- 
nated with  it.  It  was  impossible  to  reach  the  springs  to  take  their 
temperatores.  The  canon  is  about  a  mile  in  length,  extending  from  the 
month  of  Tower  Greek,  opi^osite  Tower  Falls.  It  is  one  of  the  finest 
cafioDS  I  have  ever  seen.  The  walls  are  perpendicular  and  the  river 
flowing  below  is  a  perfect  torrent,  of  an  emerald-green  tint,  capped 
with  white  foam.  The  fall  of  the  river  for  2^  miles  is  229  feet.  On  the 
western  side  of  the  caiion  the  rocks  have  been  weathered  into  towers, 
with  sharp  pinnacles,  ^viug  it  a  most  picturesque  appearance. 

The  height  of  the  eastern  wall  is  346  f(eet  above  the  level  of  the  river 
opposite  Tower  Falls.  At  the  lower  end  the  height  probably  reaches 
500  feet.    This  wall,  from  top  to  bottom,  is  composed  as  follows : 

1.  Soft,  gray  sandstone,  "i 

2.  Columnar  basalt. 

3.  Conglomerate. 

4.  Columnar  basalt. 

5.  Trachyte. 

6.  Limestone  (f). 

The  layers  of  basalt  mentioned  above,  Kos.  2  and  4,  extend  the  length 
of  the  canon  and  present  the  most  regular  hexagonal  columns  that  I 
have  ever  seen  anywhere  in  the  West.  It  was  impossible  to  obtain  the 
exact  measurements,  but  I  should  estimate  those  in  layer  Ko.  2  to  be 
15  feet  in  height,  while  those  of  No.  4  were  probably  between  20  and 
30  feet.  The  conglomerate  Ko.  3  was  probably  about  100  feet  in  thick- 
ness, and  composed  of  large  fragments  of  all  kinds  of  rocks,  the  vol- 
canic predominating.  It  was  so  infiltrated  with  sulphur  that  the  whole 
bed  had  a  bright-yellow  color,  especially  noticeable  at  the  upper  end  of 
the  canon.  The  sandstones  on  the  top  were  very  soft,  and  had  weath- 
ered so  as  to  give  a  rounded  top  to  the  wall.  The  general  color  of  the 
trachyte  was  a  violet,  and  it  rested,  I  am  inclined  to  think,  on  lime- 
stones, although  on  this  point  I  am*not  quite  certain.  Above  the  canon 
the  Yellowstone  Eiver  flows  through  quite  a  wide  valley,  which  on  one 
side  is  comparatively  open  and  on  the  other  side  bounded  by  high  hills, 
which  slope  to  within  a  short  distance  of  the  river's  edge.  Just  above 
this  valley  is  the  lower  end  of  the  Grand  Canon.  Both  sides  of  the 
river  above  Tower  Creek  have  once  been  the  seat  of  hot-springs,  whose 
most  active  x>eriod  has  been  long  passed.  There  are  at  present  only  a 
few  springs  remaining  on  the  western  bank,  while  on  the  east  there  are 
extensive  deposits  containing  sulphur,  selenite,  and  alum.  We  spent 
four  days  in  camp  No.  '9,  while  Dr.  Hayden  and  a  small  party  made  a 
side  trip  to  Clarke's  Fork  of  the  Yellowstone.  During  this  time,  in 
addition  to  some  trips  to  Tower  Falls  and  the  vicinity,  I  also  made  two 
trips  up  the  East  Fork  of  the  Yellowstone  to  a  locality  where  one  of  the 
membcursof  the  expedition  discovered  some  very  fine  crystals  of  ame- 
thyst. This  locality  is  some  ten«  miles  from  the  main  Yellowstone. 
The  specimens  are  found  on  a  hill  on  the  left  side  of  the  river.  Itris 
aboat  1,000  feet  in  height  and  the  summit  entirely  destitute  of  timber, 
the  rock  covering  it  being  basaltic.  Over  the  basaltic  floor,  quartz, 
agate,  jasper,  and  siiicified  wood  are  found  in  quantity.  There  seems 
m^e  to  have  been  a  forest  standing  here  which  the  lava  has  inclosed 
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aud  silicified.  Imbedded  iu  the  rock  we  find  numerous  cylindrical 
masses  of  chalcedony  a  foot  and  more  in  diameter.  'In  some  of  these 
masses  we  can  still  trace  the  form  of  the  .woody  fibers,  while  others 
have  bits  of  silicified  wood  that  has  not  been  changed  to  chalcedony. 
In  the  center  of  many  of  these  cylinders  we  find  crystals  of  amethyst. 
They  are  large  aud  have  a  fine  color.  If  we  had  been  able  to  penetrate 
to  a  greater  depth  there  is  no  doubt  bat  that  we  would  have  found  atill 
handsomer  specimens.  In  other  specimens  the  wood  seems  to  have 
formed  a  nucleus  around  which  the  quartz  has  crystallized,  chalcedony 
forming  the  center  and  milky  quartz  the  exterior.  In  one  place  on  this 
hill  I  found  a  great  variety  of  jaspers,  with  also  agates  and  semi-opal. 

The  following  is  a  complete  list  of  the  minerals  found  at  this  locality  : 
Amethyst, (amethystine  quartz,)  limpid  quartz,  milky  quartz,(ferruginoas 
quartz,)  chalcedony,  camelian,  chrysoprase,  prase,  banded  agate,  flint, 
red,  yellow,  gray,  blue,  aud  black  jasi)ers,  semi-opal,  and  calcite. 

The  calcite  is  found  in  the  Center  of  agate-geodes.  The  jaspers  are 
very  fine,  containing  three  and  four  colors  in  some  of  the  pieces.  The 
crystals  of  quartz  and  amethyst  are  all  large  and  fine. 

Throughout  the  entire  valley  of  the  Yellowstone  quartz,  chalcedony, 
agate,  and  obsidian-chips  are  common,  while  almost  all  the  trachytes 
contain  crystals  of.  sanidiue.  Among  the  specimens  brought  from 
Clarke's  Fork  were  argentiferous  galena ;  and  the  blue  and  green  car- 
bonates of  copper  from  the  Clarke's  Fork  mines. 

We  left  Elk  Creek  on  the  4th  of  August,  and  made  our  next  camp  at 
the  foot  of  Mount  Washburiie,  on  the  eastern  side,  in  a  small,  densely- 
timbered  valley  bordering  the  Grand  Canon.  Close  to  our  camp  there 
was  a  small  gulley  containing  some  springs,  of  which  I  recorded  the 
temperatures.  A  small  stream  ran  through  the  gulley,  and  throughout 
the  entire  bed  there  were  springs  whose  presence  was  revealed  by  the 
bubbling  of  carbonic  acid  and  sulphnretted  hydrogen  through  the  water. 
On  either  side  of  the  stream  there  are  abundant  deposits,  of  a  white 
color,  containing  lime,  silica,  and  sulphur,  giving  evidence  that  at  some 
past  time  this  place  was  the  seat  of  a  large  group  of  active  springs,  of 
which  those  now  existing  ai*e  a  mere  trace.  It  may  not  be  many  years 
before  they  will  be  entirely  extinct  The  specific  description  of  these 
springs  is  as  follows :  Ko.  1  is  eight  feet  by  five,  and  gave  off  sulphuretted 
hydrogen  abundantly.  The  temperature  was  only  52^  F.  "So.  2  is 
three  by  four  feet,  and  has  a  temperature  of  53^  F.  Nos.  4  and  5  were 
merely  small  holes  in  the  deposit  on  the  bank  of  the  stream.  The  tem- 
perature of  the  former  was  94P  F.  and  that  of  the  latter  115^  F.  The 
remaining  springs  were  as  follows :  No.  6, 188^  F. ;  No.  7, 188o  F. ;  and 
No.  8, 190O  F.  The  boiling-point  here  would  be  1980.3  F.  The  tem- 
perature of  the  air  during  these  observations  was  76^  F.,  the  time  being 
about  7.30  a^  m.  The  elevation  above  sea-level  was  8,117  feet.  From 
this  group  of  springs  we  caught  a  glimpse  of  a  white  spot  through  the 
trees,  which  indicated  that  there  were  more  springs  to  the  norUi  of 
these.  Toward  this  place  we  turned  our  heads,  and  while  riding  along 
through  the  woods  we  came  to  a  pool  of  water  which  would  measure 
probably  thirty  yards  by  fifty.  The  surface  of  the  water  was  almost  all 
in  agitation  from  the  number  of  points  of  evolution  of  carburetted 
hydrogen.  The  temperature  of  the  water  was  only  54^  F.,  while  the 
aii*still  remained  at  76^  F.  This  pool  was  on  about  the  sam^  level  as 
the  springs  mentioned  above.  A  short  ride  from  this  pool  brought  os  to 
the  spot  we  were  seeking,  and  we  found  ourselves  in  the  midst  of  an 
active  group  of  mud  springs  or  salses.  The  springs  are  distributed  over 
the  side  of  a  hill  which  steams  firom  top  to  bottom.    It  was  a  most  hor- 
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rible-looking  place,  3nd  brought  to  oar  minds  pictures  of  the  infernal 
i^iMis.  The^lack  and  red  colors  of  the  mad  and  iron  deposits  gave 
tbi  hill  the  appearance  of  having  been  bnrned,  while  here  and  there  were 
masses  of  bright-yellow  sulphur.  The  air  was  filled  with  the  fumes  of 
Bolphnretted  hydrogen.  The  noise  made  by  the  throbbing  and  pulsating 
masses  of  mad  was  continuous.  This,  with  the  splashing  and  splutter- 
ing of  some  of  the  springs,  the  plop-plop  of  the  thicker  mud,  combined 
with  the  unearthly  appearance  of  the  scene,  made  us  feel  that  we  were 
on  daogeroas  ground,  and  in  walking  about  the  spriugs  we  did  so  care- 
fully, fearing  that  we  might  break  through  the  crust.  The  mud  in  these 
spriogs  is  black  in  some,  lavender-colored  in  others,  and  again  yellow, 
idiilein  consistency  it  is  of  all  grades,  from  that  of  a  thick  mush  to  a 
mere  iuky-black  water.  In  the  thick-mud  spring  the  steam  seems  to 
escape  with  an  effort  after  several  vain  attempts.  The  mud  rises  in  a 
hemispherical  mass,  falls  and  again  rises,  and  after  several  repetitions 
tb«  steam  borsts  from  it,  sometimes  throwing  the  mud  to  a  distance  of 
20  feet. 

I  divide  the  springs  at  this  locality  into  two  groups,  the  second  group 
being  some  distance  higher  up  the  hill.  The  following  is  the  description 
of  the  springs  in  the  first  group :  The  first  one  contained  a  rather  thin 
lareDder-colored  mud.  It  is  a  cavemous-iike  opening  on  the  side  of  the 
hill,  aiid  is  the  topmost  spring  of  about  five  spriugs  that  arc  situated  in 
a  line,  one  above  the  other,  at  different  levels.  There  seems  at  one  time 
to  have  been  a  fissure  here  which  determined  their  position.  It  was 
theoDly  spring  of  the  five  that  could  be  approached,  but  the  tempera- 
tare  even  of  this  could  liot  be  taken  on  account  of  the  steam  coming 
from  it  It  was  probably  at  the  boiling  point.  The  mud  was  in  active 
motion,  and  the  steam  came  from  it  with  a  continuous  roar.  The  spring 
also  gave  off  sulphuretted  hydrogen  gas. 

Kg.  2  was  a  large  pool  of  muddy  water,  through  which  a  number  of 
steam  jets  forced  their  way,  giving  the  spring  the  appearance  of  a  sieve 
foil  of  water,  through  the  bottom  of  which  the  stream  was  forced. 
The  temperature  of  the  water  was  194^  F.,  and  the  air  78^  F.,  the 
time  of  observation  being  about  9  o'clock  in  the  morning.  This 
spring  was  30  feet,  above  No.  1.  Near  it  there  was  a  spring  of  very 
tbiek,  blue  mud,  the  temperature  of  which  I  was  unable  to  take,  it  not 
being  safe  to  approach  near  it,  as  the  mud  on  the  banks  was  very  soft. 

A  8hort  distance  to  the  right  of  No.  2,  and  a  little  above  it,  is  No.  3, 
a  large,  yellow,  muddy  pool  30  feet  by  oO  feet  in  diameter,  in  which 
ibere  was  a  great  deal  of  bubbling,  the  water  near  the  edge  of  the 
spring  being  especially  agitated.  The  temperature  was  140  F.,  the 
air  remaining  at  78^  F.  On  the  banks  of  this  pool  there  was  an 
abnndant  deposit  of  sulphur  and  alum.  No.  4  is  the  most  active 
spriag  of  the  group.  It  is  about  20  feet  higher  up  the  hill  than  No.  3, 
and  is  about  30  feet  in  diameter,  somewhat  irregular  in  shape.  The 
mod  has  formed  a  rim  about  it  which  is  2  feet  above  the  spring  on  one 
aide  and  3  feet  on  the  other.  It  contains  a  very  thin  blue-black  mud, 
which  is  in  violent  ebullition,  rising  at  times  to  the  height  of  3  and 
4  feet.  A  dense  column  of  steam,  mingled  with  sulphuretted  hydrogen 
gas,  is  continually  escaping  from  it.  I  was  able  to  take  the  temperature 
only  at  the  edge,  where  I  found  it  to  be  lOOo  F. ;  air,  78o  F.  ^'  lu 
the  center  it  was  probably  at  the  boiling.point,-  which  at  this  eleva- 
tion is  1980.2  P.  About  20  feet  below  No.  4,  and  a  little  to  the  right, 
is  No.  6.  It  is  15  feet  long  and  6  feet  wide  at  the  widest  place, 
being  somewhat  triangular  in  shape.    One  edge  of  the  bank  over- 
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hangs  the  water  and  coated  with  a  deposit  of  sulphur,  which  is  deposited 
by  the  sulphuretted  hydrogen  gas.  The  water  here  Is  cleaner  thiau  in 
any  of  the  surrounding  springs.  The  center  of  the  spring  is  in  violent 
ebullition  from  the  escape  of  steam.  The  temperature  of  the  water  at 
the  edge  of  the  spring  was  184^  F.,  the  air  being  78^.  The  second 
group  has  a  general  elevation  of  about  150  feet  above  the  first,  and 
is  also  situated  on  the  slope  of  a  hill.  The  first  spring  in  this  group 
we  called  the  ^'Mush-Pot."  It  is  about  20  feet  in  diameter,  and  has  three 
openings,  each  about  10  feet  in  depth.  The  mud  at  the  bottom  of  these 
holes  is  very  thick  and  of  a  bluish-black  color.  The  mass  heaves  and 
throbs  as  the  steam  escapes  through  it.  It  was  impossible  to  titke  the 
temperature  of  the  mud,  as  the  steam  scattered  it  in  all  directions,  ren- 
dering it  impossible  even  to  look  into  it  with  safety. 

No.  2  was  named  the  '^Paint-Pot,"  the  mud  in  it  resembling  lead- 
colored  paint.  The  entire  surface  was  in  violent  agitation.  The 
diameter  of  this  spring  is  narrower  at  the  top  than  at  the  surface  of  the 
mud,  which  was  eight  feet  below  the  surface  of  the  ground.  The  mud 
is  scattered  in  all  directions,  as  in  the  last-meotioued  spring,  rendering 
it  impossible  to  obtain  its  temperature.  At  intervals  of  about  three 
minutes  it  seems  to  take  a  rest,  remaining  quite  for  a  few  seconds. 

No.  3  is  a  tlssure  of  nearly  100  feet  in  length,  in  the  course  of  which 
there  are  a  number  of  black-mud  springs,  their  average  temperature 
being  185^  F.,  while  the  air  was  79^  F.  This  fissure  is  about  100  feet 
above  spring  No.  1. 

No.  4  is  a  similar  fissure  of  about  the  same  length.  It  is  about  100 
feet  above  the  preceding  one,  and  contains  mud-springs  of  the  same 
character,  the  average  temperature  being  190°  F.  The  boiling-point  at 
this  elevation  is  107^.0  F.  All  around  this  fissure  there  is  an  abundant 
deposit  of  sulphur  and  alum,  the  sulphur-crystals  being  exceedingly 
brilliant  and  delicate. 

No.  5  is  a  blue-mud  spring  of  about  three  feet  in  diameter,  having  a 
temperature  of  190°  F.  Nos.  6,  7,  8,  9,  and  10  form  a  small  group 
distinguished  by.  the  abundance  of  sulphur  surrounding  them.  The 
mud  in  them  was  very  thick  and  varied  in  color  from  blue  to  black. 
The  ground  about  them  was  too  treacherous  to  allow  of  a  near  approach, 
but  their  temperature  would  probably  average  about  18oO-190o.  Be- 
sides the  springs  I  have  described  above  there  were  numerous  smaller 
ones  and  a  great  many  steam  vents..  I  have  only  mentioned  the  most 
important  springs.  Both  the  groups  are  situated  in  banks  of  clay,  and 
the  deposits  consist  mainly  of  clay,  alum,  and  sulphur.  All  the  springs 
are  acid  in  reaction  from  the  presence  of  sulphuric  acid.  The  sulphur 
results  from  the  decomposition  of  the  sulphuretted  hydrogen  which  is 
so  abundant  in  this  locality.  The  oxidation  of  the  sulphur  and  its 
union  with  the  alumina  and  iron  gives  us  the  alum  which  we  find  here. 

Our  next  camp  (No.  11)  was  on  Cascade  Creek,  a  few  miles  from  the 
Lower  Falls  of  the  Yellowstone  and  the  Grand  Canon.  Cascade  Creek, 
near  our  camp,  flows  through  a  valley  covered  with  sedimentary  rocks, 
into  which  it  has  cut  a  short  distance.  It  is  made  up  partly  of  sand 
and  particles  of  volcanic  material.  It  is  probably  Pliocene  in  its  origin, 
and  was  deposited  at  the  bottom  of  a  lake  which  was  very  likely  a  pro- 
longation of  the  ancient  rellowstone  Lake,  and  existed  here  at  a 
comparatively  recent  period.  The  strata  are  soft  and  contain  xiarticles 
of  obsidian  in  abundance,  and  are  also  in  part  contributed  to  by  volcanic 
ashes,  for  here  we  find  ourselves  in  the  midst  of  a  volcanic  country.  This 
sedimentary  deposit  extends  over  the  entire  valley  of  the  Yellowstone  at 
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this  point.  The  carving  ont  of  the  Grand  ChSoq  (Fig.  33)  gives  us  nn 
ctc«llent  opponnnity  to  study  the  various  rocks  that  underlie  the  valley. 
At  the  head  of  the  Grand  Ciinon  is  the  lower  fall  of  the  Yellowstone, 
rtieh  was  measured  this  year  by  ti-iaugulation  aud  found  to  be  397  feet 
ID  height.     At  the  p.     ,, 

foot  of  the  fall  the  "V- 33- 

depth  of  the  caiion 
is  675  feet.     This 

depth  increases  as  i     ■ 

«e  go  down  the 
river,  and  about 

half  a  mile  below  I 

il  is  1,000  feet, 
neaaared  with 
an  aneroid  barom- 
eter. The  fall  of 
tbe  rirer  from  the 
foot  of  the  fall  to 
the  month  of 
Tower  Creek,  a 
distance  o  f  twen  ty- 
'  two  miles,  aver- 
1SP9  4«  feet  to  the 
mile.  Onthewest- 
fm  Bide  of  tlie 
catioa,  some  dis- 
tance above  tlie 
top  of  the  lower 
M,  there  is  an  ex- 
pwate  of  a   very 

Hue  soft  sandstone  

banug  a  light- yel-  ""'"'  '^**'"'  "'  ™'  v«LLo»'rTOiiB. 

yelloK  color.  This  mast  have  been  deposited  in  very  quiet  waters  atul 
improbably  of  Post-ptiocene  age.  On  the  eastern  side  we  find  the  rocks 
to  be  as  follows :  The  top  of  tbe  cailou  above  the  falls  is  made  u]i  of 
obaidiaa,  wfaicb  is  porphyritic,  containing  crystals  of  eauidine.  The 
foek  is  very  irregular  in  composition  and  color,  the  latter  varying  from 
bUek  to  blown.  It  passes  into  a  perlite-like  rock  of  a  light  bluish  color, 
in  Bome  places  is  white.  This  has  in  places  perlite-like  tmcliyte- 
pwphyryj  coutJiining  small  feldspsithic  balls  with  a  mdiated  fibrous 
Mnicture,  (spberulites,)  mixed  with  small  bits  of  obsidian,  the  whole 
nuns  having  a  general  color  that  resembles  blue  lead.  A  little  farther 
doTQ  we  find  in  this  same  rock  jasper-geodes  containing  varieties  of 
opal  in  the  interior.  They  vary  in  size,  some  being  only  an  inch  in 
diameter,  while  othersare  half  a  foot.  They  are  of  a  brown  color  on  the 
fiteriorand  botrjoidal  in  shape,  aud  are  porphyritic,  containing  crystals 
of  sauidiue.  Breaking  them  open  we  find  that  tbe  mass  often  presents 
a  beautiful  appearance,  some  of  the  specimens  having  a  rich-brown 
tolor,  iDii)gle<l  with  bright  red  and  green,  while  the  cavities  are  lined 
<nfl)  pink,  white,  or  blue  semi-opal  in  some  cases  and  in  others  by 
bjalite.  The  variety  in  the  sba<Ios  of  color  is  almost  infinite.  Just 
sbove  the  fall  there  is  a  slide  of  rock  reaching  trom  tbe  top  of  the  cafion 
to  the  river's  edge,  and  here  we  found  many  good  specimens  that  bad 
broken  out  of  the  more  massive  rock  and  fallen  down. 

At  the  brink  of  the  fall  the  rock  over  which  the  water  pours,  and 
which  extends  some  50  or  79  feet  above  it,  is  a  compact  trachyte  por- 
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phjT;  of  a  light' violet  color  coDtainlng  crystals  of  sanidine.  As  we  pro- 
ceed down  tbe  river  we  find  tbat  tbis  rock  is  replaced  by  an  arj^illo- 
tracbyte-i>orphyry,  the  white  color  of  which  contrastfi  strongly  with 
tbe  other  colors  seen  on  the  sides  of  the  canon.  The  unequal  hardness 
of  the  difl'erent  rocks  has  allowed  it  to  weather  iuto  curious  and  fan- 
tastic shapes,  spirea,  towers,  and  minarets  standing  out  on  either  side, 
adding  to  the  picturesqneness  of  the  scenery.  There  Lave  once  been 
many  hot  springs  throughout  this  region,  and  it  i^  to  them  that  the 
greater  portion  of  the  coloring  seen  in  the  cafion  is  due,  the  iron  deposits 
giving  tlic  reds  and  the  sulphur  tbe  yellows.  There  still  are  a  number 
of  springs  along  the  river's  edge,  although  from  the  to|i  of  the  cailon 
they  <rannot  be  distinguished.  The  center  of  attraction,  however,  is  the 
lower  fall,  (Fig.  34).  The  river  suddenly  narrows  to  a  width  of  only 
100  I'eet  and  rushes  over  a  ledge  of  tracbytfi,  falling  397  feet  to  the  bot- 
tom of  the  caiion.  The  water  at  the  edge  of  the  tall  is  very  deep  and 
of  a  deep  green  color.  Huge  bowlders  thrown  in  are  carried  by  the  force 
of  the  current  far  oat  from  the  edge  of  the  fall.  When  we  approach 
the  brink  and  look  over  into  the  abyss  w©  begin  to  realize  the  littleness 
of  man  when  in  the  presence  of  nature's  grand  masterpieces.  Down, 
down  goes  the  whirling  mass,  battling  and  writhing  as  the  water  dashes 
against  the  rocks  with  a  noise  like  the  discharge  of  nrtillery.  Here  and 
there  a  resisting  rock  is  met  with  and  the  watei  rebounds,  broken  into 
myriads  of  drops,  which  throw  back  to  us  the  sunlight  resolved  into  its 
Pi^  primitive  colore.  The 

bottom  of  the  cauou 
reached,  the  immense 
mass  of  water  seems 
to  dissolve  it^t'  into 
spray, and  thenrecov- 
ering,  it  flows  down 
the  gorge  an  emerald- 
green  stream,  dashed 
with  patches  of  white, 
beating  with  lurious 
waves  therocky  walls 
that  imprison  it. 
Taken  in  connection 
with  the  varied  tiuta 
of  tbe  caiion  itself, 
red,  yellow,  orange, 
white,  the  dark-green 
Iiines  (ringing  the  top, 
and  the  bright  green 
of  the  spray-nour- 
ished moss  on  the 
sides  of  tbe  fall,  we 
I  have  a  picture  of  al- 
■  most  unequaled  mag- 
.  uihcence  and  gran- 
'denr.     It  is  a  scene 

PUR  r*Li.  OP  iFvi-ow'^TOKe  RivBK,  noFBrr.  of   which    OUO    DeVCr 

tires  and  in  the  description  of  which  language  fails.  As  we  stitnd 
above  the  lower  fall  and  look  towai-d  the  south  we  have  a  flue  \iew 
of  the  upper  fall,  (Fig.  .35,)  which  is  distant  about  half  a  mile.  This  fall 
differs  altogether  from  the  lower  one  and  does  not  so  soon  impress  one 
with  its  height,  which  is  140  feet.    The  water  pouring  over  the  edge 
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i    RtrilcKS  a  nnmber  of  ledgea  of  rock,  wbich  cbam  it  ioto  a  mass  of  foam. 

I    A  portion  of  tbe  water  is  projected  out  like  a  broad  fao,  aod  strik- 

'  iu^  tbe  water  below  makes  a  sort  of  ricocbet,  wbile  tbe  maia  mass 
of  vater  reacbes  tbe  base  of  tbe  fall  about  20  feet  from  the  verti- 
cal line  let  &11  from  the  top.  Tbe  water  bas  cut  out  of  the  solid  rock  a 
ronuded  trasin,  from  which  tbe  course  of  tbe  river  is  almost  at  right 

,    angles  to  tbe  course  above  the  fall.    For  some  dietance  above  the  fall 

Fig.  36. 


there  is  a  series  of  rapids  over  wbich  the  carrent  is  very  swift.  Tbe 
eafion  between  tbe  two  falls  is  about  half  a  mile  loog  aod  the  fall  of 
the  river  between  these  two  points  is  68  feet.  The  walls  of  this  cafloD 
Tarj-  ID  height  from  100  to  200  feet. 

Cascade  Creek  flows  into  tbe  Yellowstone  River  on  tbe  westside  between 
tbe  falls.  A  short  distance  above  its  mouth  we  find  a  beaatiful  full, 
(Fig.  36,]  or  rather  cascade,  for  it  is  made  up  of  thi-ee  distinct  falls,  the 
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B^ggTegtkte  height  of  which  is  129  feet.  The  stream ,  after  passing  throagh 
a  deep,  gloomy  gorge,  makes  a  leap  of  about  21  feet  and  then  falls  again 
in  three  streams  a  distance  of  over  50  feet  into  a  beautiful,  rounded 
basin,  in  which  the  water  is  perfectly  clear  and  quiet.  From  this  basin 
the  final  leap  is  taken  and  the  water  flows  on  to  the  Yellowstone  River. 

Leaving  Cascade  Greek  our  next  camp  (No.  .13)  was  at  Mud  Volca- 
noes near  the  Yellowstone  Biver,  about  eight  miles  below  the  lake.  We 
spent  three  days  here,  waiting  for  a  supply-train  to  join  us  from  Fort 
Ellis.  During  this  time  I  visited  a  number  of  the  various  hot-spring 
localities  in  this  portion  of  the  valley.  The  underlying  rocks  here  are 
Pliocene  and  Post-pliocene,  in  horizontal  strata,  and  presenting  the  same 
characters  that  were  observed  near  the  Grand  Canon,  and  probably 
resting,  as  those  do,  upon  volcanic  rocks.  In  some  places  I  noticed  iron 
as  forming  a  prominent  part  of  these  sedimentary  deposits,  which,  with 
the  obsidian,  makes  very  handsome  specimens.  The  river  flows  quietly 
through  the  valley,  the  fall  per  mile,  from  Yellowstone  Lake  to  the  top 
of  the  upper  fall,  being  only  8  feet,  and  almost  all  of  this  is  iu  the  rapids 
just  above  the  upper  fall.  The  first.springs  I  visited  were  on  a  branch 
of  Alum  Greek  about  five  miles  northwest  of  camp.  We  named  the  small 
stream  Violet  Creek,  tjx)m  the  profusion  of  violets  growing  upon  its 
banks. 

The  first  spring  we  met  with  was  on  the  right  bank  of  the  creek,  in  a 
siliceous  cone  like  mound  that  rises  six  feet  above  the  bed  of  the  stream. 
Its  temperature  was  126^  F.,  the  air  being  at  70^  F.  The  bed  of  the  creek 
was  filled  with  con fervoidea,  leading  us  to  suspect  that  there  were  springs 
still  farther  up.  After  a  further  ride  of  about  a  quarter  of  a  mile  we 
came  to  quite  alarge  group  of  hot  springs  lining  both  sides  of  the  creek. 
The  first  spring  I  will  describe  is  on  the  right  bank  of  the  creek,  io  the 
center  of  a  wbite  mound  20  feet  iu  diameter  and  rising  10  feet  above  the 
bed  of  the  creek.  This  mound  is  formed  of  the  deposits  from  the  water, 
which  consist  mainly  of  various  carbonates  and  silica.  The  orifice  of 
the  spring  is  circular  and  about  three  inches  in  diameter  and  looks  as 
though  it  had  been  artificially  punched  in  the  deposit,  so  mathematically 
exact  is  it.  The  water  gives  oft'  carbonic-acid  gas,  leaving  a  deposit  of 
iron.  Its  temperature  was  190^  F.,  the  air  being  70°  F.  Spring  No.  2 
is  on  the  opposite  side  of  the  creek  and  has  a  basin  measuring  4  feet  by 
2  feet;  the  temperature  of  the  water  was  160<^  F.,  the  air  remaining  at 
70^  F.  Ko.  3  has  a  circular  basin  two  feet  in  diameter,  which  is  lined 
with  an  abundant  deposit  of  iron.  Carbonic-acid  gas  bubbles  through 
the  water.  Its  temperature  was  158°  F.  No.  4  is  6  feet  deep  and  1 
foot  by  3  feet  iu  diameter,  and  has  a  temperature  of  188^  F.  The 
next  three  springs  had  temperatures  as  follows:  No.  5, 192^  F.;  No.  6, 
104O  F.;  and  No.  7,  188^^  F.;  the  air  still  remaining  at  70o  F.  All  these 
springs  have  circular  orifices  of  about  six  inches  diameter,  and  the  water 
proceeding  from  them  flows  over  a  series  of  small  terraces,  resembling 
those  of  the  Gardiner's  Eiver  springs  on  a  miniature  scale.  These  basins 
are  lined  with  a  gelatinous  form  of  silica,  which  has  a  leathery  ap|>ear- 
ance  and  is  coat^  with  an  iron  deposit.  The  springs  are  about  10  feet 
above  the  level  of  the  creek  and  all  give  oft'  oarbonic-acid  gas.  No.  8 
is  very  irregular  in  shape  and  almost  hid  in  the  grass,  about  40  feet  from 
the  creek.  There  is  a  slight  bubbling  in  it  and  its  temperature  was 
178^  F.  No.  9  is  a  small  spring,  2  feet  in  diameter  and  1  foot  deep, 
lined  with  confervoidea  and  having  a  temperature  of  140^  F.  No.  10 
is  a  very  pretty  spring,  about  four  feet  above  the  creek,  and  has  a  beau- 
tiful scalloped  edge,  moss-lined  on  one  side.  Its  temperature  was  175^ 
F.    The  boiling-point  at  this  locality  is  198^.3  F.    None  of  the  springs 


GEOLOGICAL   SURVEY   OP   THE   TERRITORIES. 


135 


reached  this  temperature,  194^  F.  being  the  nearest  approach.  The 
rocks  exposed  near  these  springs  are  sedimentary  and  contain  a  great 
deal  of  obsidian. 

Abont  three-foarths  of  a  mile  farther  ap-stream  we  came  to  the  head  of 
the  creek  and  foand  that  it  originated  in  a  most  important  groap  of 
springs.  They  are  sitaated  in  a  semicircular  basin,  bonnded  by  a  low 
hill  wooded  on  the  summit.  The  sides  of  this  hill  are  perfectly  bare  and 
covered  with  glaring- white  deposit,  through  which  steam-jets  force  their 
iray.  Looking  down  into  the  basin  from  the  top  of  the  hill  is  like  look- 
ing into  a  volcanic  crater.  The  fumaroles^  solfataras  and  mud-springs 
scattered  through  it  give  it  a  most  peculiar  appearance.  The  general 
color  thronghout  the  basin  is  a  glaring  white,  relieved  here  and  there 
bj  patches  of  brick-red  iron  deposits  and  the  yellow  of  sulphur-masses 
that  are  scattered  throughout  the  basin.  The  crust  extending  over  the 
basin  is  lined  ^ith  beautiful  crystals  of  sulphur.  On  the  left  of  this 
basin  there  is  a  ravine,  covered  with  deposits  of  the  same  character  but 
eontaining  no  springs.  There  are  a  few  fumaroles  remaining,  the  evi- 
dence that  once  the  ravine  was  the  site  of  active  springs.  A  few  yards 
CD  the  opposite  side  of  the  basin  there  is  a  second  ravine  similar  to  the 
fiist,  and  in  which  also  the  springs  are  all  dead,  nothing  remaining  but 
the  rust-colored  deposits.  I  will  give  the  different  springs  in  this  basin 
below  in  tabalar  form. 

Springs  at  the  head  of  Violet  Creek. 


iAgmt  10, 1872:  tune  of  obiervation,  12.30  a.  m. ;  general  elevation  above  sea-level,  8,059  feet :  boil- 
ing-point, 198o.l  F. 

ITa    Cliaracter  of  spring. 

Size. 

Gas  evolved. 

Temperatore 
of  spring. 

Temperatore 
of  air. 

1    SilSeemis -*. 

8X  10  feet 

Steam 

1850  P. 
172 

194      ■ 
194 
"Sot  taken. 

165 
170 
140 
103 
108 
188 
180 
190 

72°  F, 

2   .      do           

3  feet  diameter 

....  do  ............. 

72 

j*....ao 

S  feet  diameter 

....do 

73 

4  .  .  do     . 

....do 

72 

5    Sdh»haT 

1M)£Mt  diameter 

30  feet  diameter 

a  X  4fect 

Steam  and  snlphn- 

retted  hydn%en. 

....do 

72 

1         do            

72 

...,do 

73 

8    SidolniT     

....  do ............. 

72 

9    Brae-mad  sprins 

M  ;  WUte-nrad  Bpmg 

11  •  Bine-mild  sprioR 

tt    TeUow^mna  spring.. 
n    Blue-mod  epving 

6X  JO  feet 

....  do 

72 

1  X  3  feet 

....do  ............. 

72 

3  feet  long 

....do 

72 

4  feet  diameter 

....  do . ............ 

72 

8  Inches  diameter . . . 

....do 

72 

Besides  the  springs  enumerated  in  the  table  there  were  many  smaller 
ones  and  a  tew  large  pools  throngh  which  the  gases  babbled  at  various 
points,  ^e  gronnd  near  the  majority  of  them  was  too  treacheroas  to 
allow  of  oor  approach.  There  are  also  a  great  many  steam-vents  lined 
with  snlpbar-crystals.    The  hardened  deposit  abont  some  of  the  mud- 

Sings  is  an  indurated  clay,  that  has  been  deposited  by  the  springs, 
e  first  four  springs  given  in  the  table  have  clear  water,  and  the  first 
o&e  was  in  violent  ebullition,  the  water  at  times  rising  four  feet 
above  the  ordinary  surface.  In  No.  10  I  found  butterflies  that  had 
fallen  into  the  water  and  been  killed  by  the  heat.  The  odor  of  sul- 
phuretted hydrogen  was  not  so  strong  at  this  locatity  as  at  the  foot  of 
Mount  Washbume. 

On  the  way  back  to  camp  we  came  across  another  group  of  springs, 
about  a  mile  southeast  of  the  group  given  above,  and  have  an  elevation 
about  200  feet  lower.  They  are  situated  in  a  ravine  bordering  a  small 
branch  of  Violet  Greek.  The  following  table  will  show  them  all  at  a 
glaoee: 
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Springa  on  branch  of  Violet  Creek, 
August  10, 1679 ;  time,  9  p.  m ;  elevation  aboye  sea^  7,673  feet ;  boiling-point,  1960.5  F. 


No. 


1 
2 
3 
4 
5 
6 
7 
8 
9 


Sixe. 


3X  4  feet 

10  feet  diameter. 
5  feet  diameter.. 

5X2fect 

3  feet  diameter. . 

5X3  feet 

7X  3foet 

3  feet  diameter.. 
8X1  feet 


Gas  evolved. 


Carbonic  acid  and  ateam. 
do 


.do 
.do 
.do 
.do 
.do 
.do 
.do 


Temperature  Temperatnre 
of  air.  of  spring. 


680  F. 

160°  F. 

68 

184 

68 

154 

68 

168 

68 

160 

68 

191 

68 

186 

68 

199 

68 

194 

Tho  amount  of  carbonic-acid  gas  given  off  from  these  springs  is 
small,  and,  although  there  is  considerable  bubbling  in  some  of  the 
springs,  it  is  caused  mostly  by  the  escape  of  steam.  This  in  some  is 
enough  to  cause  the  ground  to  tremble  beneath.  All  the  springs  de- 
posit iron.  The  first  three  springs  given  in  the  table  are  on  the  edge  of 
a  pool  of  water  having  a  diameter  of  100  feet  by  60  feet,  in  which  the 
thermometer  stood  at  120^  F.  There  is  also  one  spring  in  the  midst  of 
this  pool  which  was'^beyond  reach.  The  bottom  of  the  pool  is  lined 
with  gelatinous  silica,  which  is  coated  with  oxide  of  iron.  The  edge  of 
the  pool  next  the  creek  slopes  to  the  level  of  the  stream  in  a  series  of 
small  basins  over  which  the  water  flows.  The  creek  itself  is  divided 
into  a  number  of  basins  formed  of  the  deposits,  (mostly  carbonates,) 
and  the  water  flows  from  one  basin  to  the  other,  they  being  at  different 
levels.  These  basins  are  filled  with,  a  luxuriant  growth  of  very  bright 
green  confervoidea.  The  temperature  of  the  water  in  the  creek  a  short 
distance  below  the  springs  is  140°  F. 

The  two  groups  of  springs  given  above  have  never  before  been  de- 
scribed, not  being  in  our  line  of  march  last  year.  There  are  doubtless 
many  more  groups  throughout  the  same  valley  that  have  nevex  bc^en 
studied  yet,  especially  on  the  eastern  side  of  the  Yellowstone  River,  which 
here  is  not  fordable,  on  account  of  quicksands. 

The  next  group  of  springs  to  which  I  will  refer  is  that  at  Crater  Hills, 
near  the  Yellowstone  River,  about  four  miles  below  our  camp.  This  place 
takes  its  name  from  the  occurrence  here  of  two  high  buttes  or  hills,  one 
of  which  is  150  feet  from  top  to  base,  and  a  second  140  feet.  They  are 
made  up  in  part  of  a  trachy tic  tuff  and  hot-spring  deposits,  the  prevail- 
ing color  of  which  is  white,  and  a  red,  due  to  the  weathering  of  the  de- 
posits, which  contain  iron.  All  of  the  springs  are  acidulous  and  contain 
sulphur  as  a  prominent  constituent.  The  principal  spring  is  the  boiling- 
sulphur  spring  near  the  base  of  the  hills.  The  description  of  this  spring 
was  given  in  the  report  of  last  year,  and  I  will  not  delay  to  redescribe 
it.  I  again  took  its  temperature,  which  I  found  to  be  178^  F.,  the  air 
being  5S^  F.,  at  about  10  o'clock  in  the  morning.  The  temperature  given 
in  last  year's  report  is*  1830.5  F.,  which  was  probably  taken  nearer  the 
center  of  the  spring  than  I  was  able  to  take  it  this  year,  the  water  being 
in  violent  agitation. 

The  next  spring  of  importance  is  a  large  blue-mud  spring  near  the  large 
sulphur  spring,  the  temperature  of  which  {164P  F.)  this  year  varies  only  1° 
from  that  taken  last  year,  when  it  was  163^  F.  All  the  springs  at  this 
locality  are  noticeable,  not  only  for  the  sulphur  they  contain,  but  also  for 
their  alum,  which  1  take  to  be  an  iron  alum.  The  small  stream  to  which 
the  springs  give  origin  is  a  branch  of  Alum  Greek,  and  in  both  the  main 
creek  and  the  branch  the  water  is  strongly  astringent.  A  partial  analy- 
sis of  a  piece  of  deposit  from  the  edge  of  the  boiling  sulphur  spring,  made 
by  Mr.  W.  B.  Piatt,  of  the  expedition,  gives  the  following  result: 
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Peroenk 

Water 23.48 

Solphnr 3.28 

8iliea 

Salphorie  acid 

Chlorine Trace. 

Iron  oxide.... 

Soda 

Magnesia Trace. 

Oi^^uue  matter 

26.71 

■  — ^— — .— 

Specific  gravity 1.800 

The  object  of  this  analysis  was  to  determine  the  percentage  of  sulphur. 
Silica  is  present  in  large  amount. 

The  group  of  mud  and  sulphur  springs  just  south  of  the  two  springs 
referred  to  above  was  mentioned  in  last  year's  report,  but  as  the  obser- 
Tations  of  this  year  are  more  complete,  and  include  a  large  number  of 
springs,  I  will  present  this  group  below. 

Springe  at  Crater  Hills. 
General  elevation  above  8ea4evel,  7,828  feet;  l)oiling-point,  1980.9  F. 


Temper- 

Temper- 

Sise of  spring. 

ature  of 

ature  of 

Bemarka. 

spring. 

air. 

1   ) 

• 

1740  F. 

590  F. 

-J 

t 

3 

4 

A  collection    of   springs 
eeverinff  an  area  of  600 

176 
183 
186 

SO 

59 
SO 

The  water  in  this  collection  of  eprines  has  a 

5    K    square  feet,  and   vary- ,' 
c   '    Idk  in   size  from    ODe^j 

144 
1(10 

59 
59 
59 

^    milky  hue,  and  the  noise  made  by  them  re- 
sembles that  made  by  a  number  of  pots  boil* 

7' 

to  three  iiMshea  ia  diam- 

168 

ing  simultaneously. 

«i 

eter. 

ISO 

59 

9  . 

160 

59 

10    3  ftf^  ^tao/^Af&T  - 

80 

59 

White-sulphur  spring. 
Clear  spring. 

H  ;  e  feet  diameter 

148 

59 

\r 

176 

59 

Thick  greenish-mud  spring. 
Yellow-mud  spring  in  active  ebullition. 
A  turbid  pool  Dubbling  at  the  edges. 

13  !  S  f«»t  diAmAtor.    _            

180 

59 

IS  . 

n  . 
»  . 

8x  3  feet 

80 
163 
166 
182 
178 
108 
180 

59 
59 
50 
59 
59 
59 
59 

A  collection  of  greenish-sulphur  springs,  each 

a  few  inches  m  diameter. 

• 

This  spring  was  called  Foam  Spring  last  year. 
Bluish  muddy  water. 

«    3X4feet 

170 

50 

**    I0x3feet 

188 

59 

)  Both  the  sesprings  have  lavender-colored  mud, 
5     and  No.  8  is  in  active  agitation. 

«  I  «  feet  diameter 

180 

59 

94-1 

' 

l!iO 

59 

\ 

S5. 

184 

59 

% 

190 

59 

f7 

170 

59 

Sg 

168 

59 

tt. 

184 

59 

*l 

106 

50 

31* 

• 

154 

59 

»' 

188 

50 

» 

160 

59 

34 

130 
162 

59 
50 

This  collection  of  springs  varies  in  size  ftx>m  a 

36  1 

Tb«ee  spriscB  ocoapy  a 

174 

128 

59 
50 

few  inches  to  four  feet.    The  water  in  the 

^l>    tpMe    of    aboat    l.^K)^ 

>    majority  is  of  a  milky  hue.    In  others  it  is 
yellow  or  lavender  ooJored,  and  in  some  it  is 

3f^< 

KVArefeet^ 

130 

SO 

31 

106 

59 

transparent. 

«! 

176 

59 

41 

146 

59 

« 

186 

59 

«! 

168 

50 

• 

t!l 

174 

59 

• 

fi^ 

178 

59 

«i 

173 

59 

17 

« 

00 

59 

158 

"    59 

m 

1 

J                                             I 

170 

■ 

50 

* 
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Having  completed  observations  on  these  springs,  I  devoted  the  re- 
mainder of  my  time  to  those  near  camp,  which  presented  a  great  deal  of 
interest.  I  was  enabled  to  make  more  accurate  observations  than  were 
made  last  year,  add  was  greatly  assisted  by  Mr.  A.  B.  Brown,  who  de- 
termined the  heights  of  the  mud-geyser  tor  me.  The  mud-geyser  is  the 
principal  spring  in  the  group  at  Mud  Volcanoes,  and  wiia  situated  a  few 
yards  above  our  camp.  It  has  a  basin  of  about  60  feet  diameter,  sur- 
rounded by  a  rim  that  slopes  inward,  at  an  angle  of  30^,  to  a  funnel- 
shaped  orifice  in  the  center.  This  basin,  which  is  the  basin  proper  of 
the  geyser,  is  made  up  principally  of  clay  and  silica,  and  is  situated  in 
another  basin  which  measures  200  feet  by  150  feet.  The  wall  of  this 
latter  basin  rises  about  8  feet,  on  an  average,  above  the  level  of  the 
other  basin,  and  between  the  two  rims  there  is  a  deposit  of  chiy  which 
has  been  left  by  the  water  and  has  become  hard,  resembling  a  very 
fine  clay  slate.  On  one  side  of  the  outer  basin  there  is  a  small  ravine- 
like opening  cut  into  the  bank,  through  which  water  evidently  flows 
sometimes,  probably  during  the  spring  when  there  is  more  water  in  the 
basin.  In  several  places  on  the  banks  I  noticed  small  holes  lined  with 
sulphur  from  which  the  steam  escapes.  Besides  the  geyser  there  are 
two  small  springs  at  one  end  of  the  large  basin.  These  springs  are  en- 
tirely independent  of  the  geyser,  and  are  constantly  in  action,  bab- 
bling quietly.  'They  do  not  seem  to  be  affected  in  the  least  by  the 
eruptions  of  the  geyser.  The  following  is  the  description  of  an  eruption : 
The  water  gradually  rises  until  the  inner  basin  is  filled,  when  there 
is  noticed  a  bubbling  in  the  center.  Suddenly,  without  any  far- 
ther warning,  it  becomes  violently  agitated  and  an  immense  mass  of 
mufldy  water,  mingled  with  clouds  of  steam,  is  thrown  into  the  air. 
This  action  lasts  a  few  minutes  and  is  followed  by  a  lull,  the  action  not 
ceasing  entirely.  Then  it  recommences  with  renewed  violence,  and  the 
water  fills  the  entire  outer  basin,  the  water  striking  the  banks  in  a  succes- 
sion of  waves.  The  water  is  thrown  up  in  a  succession  of  impulses  that 
follow  each  other  rapidly,  and  sometimes  the  water  is  thrown  obliquely 
and  seems  as  though  it  would  overwhelm  one  standing  on  the  bank. 
The  mass  of  water  and  mud  is  immense.  After  the  maximum  height 
is  obtained  the  jets  become  smaller  and  smaller,  and  the  eruption  ends 
as  suddenly  as  it  began.  It  is  a  very  impressive  sight,  and  the  stop- 
ping is  like  a  calm  after  a  storm.  The  water  of  the  geyser  is  very  muddy, 
and  bluish  in  color,  having  an  acid  reaction,  due  to  the  presence  of  sul- 
phuric acid. 

I  will  transcribe  my  field-notes  below  and  then  give  the  result  in  tabu- 
lar form,  so  that  the  whole  may  be  placed  before  the  eye  at  once. 

August  IL 

4,02  p.  m. — The  temperature  of  water  in  the  basin  fs  140^  F.  and  the 
air  50O  F. 

4.37  p.  m. — ^The  water  is  rising  rapidly  and  there  is  considerable  bub- 
bling in  the  center  of  the  basin,  the  temperature  remaining  the  same. 

4.42  p.m.  to  4.52  p.  m. — The  water  is  still  rising  and  flows  in  currents, 
giving  it  a  variable  temperature  of  140^  F.  to  180°  F. 

5.02  p.  m, — The  temperature  is  still  180o  F.  at  the  edge,  although  in 
the  center  it  must  be  considerably  higher.    It  is  still  in  ebullition. 

5.04  p.  m. — The  eruption  commences. 

5.10  p.  m. — There  is  a  lull  in  the  action. 

5.14  p.  m. — ^The  maximum  (40  feet)  is  attained. 

5.17  p.  m. — The  eruption  ends  and  the  water  at  the  edge  of  the  basin 
has  a  temperature  of  172^  F. 
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5.52  p.  m.— Temperature  of  water  is  148^  F.  and  the  air  48o  F.  The 
water  is  foar  feet  lower  than  it  was  during  the  eraption,  and  the*  sides 
of  the  basin  are  shown  sloping  inward.  Several  steam-vents,  not  seen 
before,  are  now  made  apparent.  The  surface  of  the  water  is  quite  placid, 
save  in  the  center,  where  a  slight  babbling  takes  place.  The  water  seems 
to  be  rising  slowly. 

6^7  p.  m. — ^The  water  has  risen  one  foot  since  the  last  observation 
and  is  still  rising. 

7.37  p*  m. — ^The  water  is  now  six  inches  above  the  level  last  observed. 

9.35  p.  m« — The  eraption  commences. 

9.48  p.  m. — ^The  eraption  ends.  The  maximum  height  was  estimated 
at  20  feet,  it  being  too  dark  to  take  any  angles. 

August  12* 

&19  a.  m. — ^The  geyser  has  evidently  had  an  eruption  during  the  night. 
The  basin  is  full  and  the  center  in  ebullition. 
6.31  a.  m. — ^The  eraption  commences. 
6.  35  a.  m. — There  is  a  lulL 

6.42  a.  m. — ^The  eruption  ends.  The  maximum  height  was  25  feet,  and 
I  noticed  that  the  ground  shook  beneath  me  while  the  eruption  was  go- 
ing on. 

10.19  a.  m. — The  temperature  of  the  water  at  the  edge  of  the  basin 
is  1480  F.  and  the  air  is  60^  F.  The  center  is  bubbling,  and  a  black, 
oily  substance  floats  on  the  surface. 

10^  a.  m — ^The  temperature  of  the  water  is  from  140^  F.  to  180^  F., 
and  it  is  rapidly  filling  the  basin. 

10.49  a.  m. — ^The  eruption  commences. 

10.55  a.  m. — ^There  is  a  lull. 

10j5S  a.  ni. — ^The  maximum  (18  feet)  is  attained. 

11.02  a.  m. — ^Tbe  eruption  ends. 

11.08  a.  m. — ^The  temperature  at  the  edge  of  the  basin  is  170<^  F. ;  air, 
60^  F.    The  water  has  fallen  a  foot  already. 

11.15  a.  m.— Water,  150^  F. ;  air,  60^  F.  The  water  has  fallen  eighteen 
inches. 

11.20  a.  m. — ^The  water  has  fallen  five  inches  since  the  last  measnre- 
ment* 

11.24  a.  m.  to  11.29  a.  m. — ^The  water  still  has  a  temperature  of  150^ 
F.,  and  has  fallen  2  feet  10  inches. 

11.39  a.  m. — ^The  water  has  fallen  3  feet  2  inches  since  the  eruption 
ceased,  (lowest  point.) 

11.49  a.  m. — ^The  water  is  rising  slowly. 

2.39  p.  m. — ^The  water  is  within  one  foot  of  the  top  of  the  basin  and 
bubbling  in  the  center.  Its  temperature  near  the  edge  is  146^  F.^  the 
air  still  being  60o  F. 

3.14  p.  m. — ^Temperature  outside  the  rim  of  the  basin  is  125^  F. 

3.15  p.  m. — ^The  eraption  commences. 
3.21  p.  m. — ^There  is  a  lull. 

3.25  p.  m. — ^The  maximum  (22  feet)  is  reached. 

3.27  p.  m. — ^The  eruption  ends.    Temperature  of  water  at  edge  of 
basin  170^  F. 
7J9  p.  m. — The  eraption  commences. 
7.44  p.  ID. — ^There  is  a  lull. 
7.48  p.  na. — The  maximum  (19  feet)  is  reached. 
7^1  p.  »>• — ^*^®  eruption  ends. 
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Mr.  Sloane  took  observations  of  two  ernptioDS  on  August  9,  as  follows : 

12.40  p.  m. — Eruption  commences. 

12.47  p.  m.— Lull. 

12.49  p.  m. — Uasimnm  estimated  at  23  feet. 

12.52.30.  p.  m. — Eruption  ends. 

4,58  p.  m. — Brnption  commences. 

5.04  p.  m.— Loll. 

5.07  p.  m. — Maximum  estimated  at  30  feet. 

5.11  p.  m. — Eruption  ended. 

The  following  table  gives  the  result  of  these  observations ; 


iBt. 

1: 

Bt.    ». 

IS  30 
13  00 

13  00 
13  00 

1100 
13  00 
IS  00 
13  00 

*.«.,. 

7- 

"■ 

FttL 

4    S30 

4  18  00 

« 

■r 

Hs 

Average  length  of  eniptioa 0    12  26,75 

Average  interval  betneen  eraptioas 4    11      fi 

Average  Jaterval  between  commenceineDt  atidlu]) fi  34.28 

Average  int«tvBl  between  Inll  and  ir-  — "  "" 


Tbe  remainder  of  the  springs  at  Mud  Volcanoes  I  will  give  in  a  table, 
as  I  did  those  of  Crater  Hills. 

Last  year,  when  at  this  locality,  we  noticed  that  the  trees  near  tbe 
Giant's  Caldron  had  their  brances  coated  with  mnd,  and  the  question 
was  raised  as  to  how  the  mud  got  there,  we  concluded  that  the  geyser 
sometimes  ejected  its  contents.  This  year,  however,  investigatioa 
seemed  to  prove  thnt  tbe  mud  is  carried  up  mechanically,  mixed  with 
tbe  steam  that  is  constantly  rising  from  the  caldron,  and  that  tbe  spring 
never  has  any  eruptions.  We  were  led  to  this  opinion  first  by  noticing 
that  it  was  only  the  under  side  of  tbe  branches  that  held  the  mud.  Mr. 
Holmes  then  placed  some  dead  branches  in  such  a  position  that  the 
steam  came  upon  them  and  in  a  few  hours  they  had  a  coating  of  mud. 
Again,  some  of  the  trees  on  which  the  branches  are  coated  are  living, 
which  would  hardly  be  tbe  case  had  they  received  the  mnd  from  an  erup- 
tion. Another  reason  also  is  found  in  the  fact  that  the  surface  of  the 
spring  is  constantly  agitated,  which  is  rarely  or  never  the  case  with  a 
trae  geysei.  Still  iu  the  past  it  may  have  been  a  geyser  and  had  regular 
eruptioDB. 
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Springs  at  Mud  Volcanoes. 
General  elevation  above  sea-level,  7,775  feet ;  boiling-point  198°.5  F. 


1 

2 
3 
i 


8iM  of  spring 


T 
S 

f 

11 


13 

u 

u 

16 

1?) 
19 


3  feet  diameter 

10  f<^t  diameter 

10  feet  diameter 

6  feet  diameter 

13X  5fcet 

73  feet  diameter 

3  feet  d  iameter 

12X90  feet 

60X  20  feet.'. 

i  feet  diameter 

3X  Ifeet 

Grotto,  3  feet  bish,  8  feet 
wide,  90  feet  deep. 


»X  15  feet 

S  feet  diameter. 
20  feet  diameter. 


Pool.  500  X  60  feet. . . 
Small  bolea.  1  inch  di- 
ameter. 


a  tt 

5  c 
H 


op. 

190 
168 
168 
126 

156 


134 


136 

88 

140 
134 
140 

182 


94 
180 
163 

92 
148 
172 
182 


Is 


op. 
50 
50 
50 

48 

48 


58 


58 
58 


56 
58 
58 

58 
58 
58 
58 


^1 


58 

58 
58 

58 


I  a  35  p.  m   i 
4. 55  p.  m . . 

5k  00  p.m.. 


11. 20  a.  m.. 


11.23  a.m. 
11.25  a.m. 

11.30  a.m. 
11.30  a.m. 
11.30  a.m. 

11.45  a.m. 


11.46  a.m. 
11.48  a.m. 
IL  50  a.m. 

11.50  a.m. 
11.51a.m. 
11.52  a.m. 
11.55  a.m. 


Bemarks. 


Very  thick  mud  epriuff. 

These  Bprings  are  iu  the  same  baain  with  the 
lund-eoyse'r  but  entii-oly  distinct  from  it. 

At  heaa  of  ravine  250  yards  above  the  mud- 
ceyser. 

Toirty-flvo  bnndrcd  feet  trnm  No.  4,  in  same 
i-aviuo  at  the  iicad  Tiierc  are  liere  some 
extinct  basins  nud  vents  for  ntroaiu. 

A  largo  ineeu-salpbor  pool  with  many  cen- 
ters or  obullitioD,  giving  ofif  sulphnr,  hy- 
drogen. 

Lavcudc:  -colored  spring  containini;  ainm. 

Ycllow-salpbur  spring  aboat  fourteen  feet 
from  No.  7. 

This  group  is  in  a  ravine  near  the  Giant's 
Cnlclrou.  No.  9  is  on  the  edco  of  Ko.  8,  and 
has  clear  water  with  confervoidea  lining 
the  stream. 

The  grotto  is  an  opening  into  a  sandstone 
rock  at  tho  licad  of  a  small  ravine.  The 
top  of  tho  cntrancercsembles  a  gothio  arch 
coated  with  moss  and  iron.  Steam  escapes 
in  pulsations. 

A  greenish  alum  pool. 

A  pool  a  few  feet  above  No.  13. 

Light-gray  mud  spring  10  Jeet  deop.  There 
are  others  too  deep  to  get  temperature. 

Sulphur  springs. 

Mud  spring. 


CHAPTER  IV. 


GEYSER-BASINS  OF  FIRE-HOLE  RIVER. 


We  left  Mud  Volcanoes  on  the  13th  of  August  and  started  for  the 
lower  geyser-basin  of  Fire-Hole  River.  Our  course  at  first  led  us 
up  an  open  valley  that  once  formed  part  of  the  ancient  bed  of  Yellow- 
stone Lake.  At  the  head  of  the  valley  we  struck  our  old  trail  of  last 
year,  which  we  followed  until  we  reached  the  east  fork  of  the  Fire-Hole 
Krer.  The  divide  between  the  Yellowstone  River  and  the  Fire-Hole 
Biver  at  this  point  is  8,164  fe^t  above  sea-level.  The  summit  seems  to 
be  made  op  mostly  of  obsidian,  which  is  all  porphyritic.  The  timber  is 
so  thick  that  it  is  difficult  to  trace  the  connection,  but,  as  we  descend,  we 
eome  across  trachytes  that  seem  to  underlie  the  obsidian.  It  is  very 
compact  and  porphyritic,  containing  crystals  of  sanidine.  The  general 
color  is  a  light  blue,  approaching  violet.  It  is  through  these  trachytes 
that  the  headwaters  of  the  Madison  cut  their  channels.  Near  the  sum- 
mit, on  the  Madison  side  of  the  divide,  there  is  an  old  hot-spring  basin  in 
which  the  springs  are  now  all  extinct,  although  there  are  a  great  many 
steam- vents  from  which  steam  still  escapes^  these  vents  are  lined  with  sul- 
phar.  Besides  sulphur  the  deposits  consist  mainly  of  silica  and  iron. 
The  descent  from  the  divide  is  very  steep  and  rocky,  and  through  thick 
timber,  a  great  deal  of  which  is  dead  and  fallen.  The  valley  of  the  east 
fork  of  the  Madison  or  Fire-Hole  at  the  point  we  reached  it  is  very 
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marshy  and  fall  of  springs,  which  cause  the  water  in  the  stream  to 
have  a  temperature  of  some  degrees  more  warmth  than  the  air.  We  fol- 
lowed the  river  to  within  some  four  miles  of  the  lower  geyser- basin, 
and  camped  at  a  level  some  867  feet  lower  than  the  divide  and  452  feet 
lower  than  our  camp  (No.  12)  at  Mud  Volcanoes,  having  traveled  nine- 
teen miles.  Some  of  the  party  who  had  preceded  us  a  day  came  into 
camp,  in  the  evening  and  reported  that  they  had  met  the .  advance- 
party  of  the  Snake  River  division  of  the  expedition,  under  Mr.  Steven- 
son, so  the  following  morning  we  moved  down  into  the  lower  basin,  and 
in  the  evening  found  that  the  main  body  of  the  Snake  River  division 
were  encamped  within  a  mile  of  us,  having  got  in  about  the  same  time 
we  did.    The  next  day  they  moved  their  camp  and  joined  us. 

On  the  way  from  camp  we  passed  a  number  of  unimportant  springs, 
which  I  will  incorporate  in  the  catalogue  appended  to  my  report.  I  shall 
devote  but  little  space  to  the  springs  of  the  lower  geyser- basin,  as  they 
were  referred  to  at  length  in  the  report  last  year.  During  the  three  days 
and  a  half  that  I  was  in  the  lower  geyser-basin  this  year,  I  was  occupied 
most  of  the  time  in  packing  specimens  to  be  sent  to  Virginia  City,  so 
that  I  was  able  to  visit  but  one  group  of  springs.  As  this,  however,  is  a 
typical  group,  I  will  insert  the  description.  They  are  situated  just  south 
of  camp  in  an  open  space  bounded  on  two  sides  by  timber,  while  the  front 
looks  out  into  the  main  open  basin.  They  occupy  a  space  of  a  little  over 
3,000  square  yards.    The  springs  are  as  follows: 

Oourd  Spring. — This  spring  was  named  from  its  shape.  It  is  in  the 
center  of  a  large,  circular  mound  of  siliceous  material,  and  is  15  feet  long 
by  10  feet  wide  and  12  feet  in  de^ith.  The  bed  of  the  small  stream,  car- 
rying away  the  overflow  from  the  spring  is  coated  with  iron,  and  a  short 
distance  below  we  ftnd  the  gelatinous  material  that  we  see  in  so  many 
of  the  springs  that  have  a  low  temperature.  The  temperature  of  the 
water  in  the  spring  was  171^  F.;  air,  02^  P.,  at  9  a.  m. 

Thud  Spring. — This  spring  is  375  feet  southwest  from  the  Gourd,  and 
measures  18  feet  by  16  feet.  The  depth  varies  from  8  to  13  feet.  This 
of  course  refers  only  to  the  basin  of  the  spring,  as  at  the  bottom  there 
are  orifices  the  depth  of  which  cannot  be  ascertained  by  the  line.  Tbei-e 
seem  to  be  three  centers  of  ebullition,  two  of  which  are  very  active.  At 
intervals  of  a  few  minutes  there  seems  to  be  an  accumulation  of  steam, 
the  escape  of  which  shakes  the  ground,  making  a  thud-like  noise,  whence 
its  name.  On  looking  into  this  spring  the  water  seems  to  have  an  inky- 
green  color,  and  had  a  temperature  of  192°  F.j  air,  02°  P.,  at  9.30  a.  m. 

Oalc  Leaf  Spring. — This  spring  is  345  feet  north  of  the  spring  next 
described.  The  deposit  about  it  has  a  gray  color,  and  the  margin  of 
the  spring  has  the  appearance  of  being  fringed  with  oak-leaves.  The 
spring  is  about  6  feet  in  diameter  and  15  feet  deep.  The  water  api>ears 
of  a  greenish  color  and  has  a  temperature  of  194^  P.;  air,  QiP  P.,  at  10.35 
a.  m.  About  7  feet  from  this  spring  there  is  a  small  cone  of  2  feet 
diameter,  rising  five  inches  above  the  surrounding  level.  The  tempe- 
rature of  the  water  in  this  cone  was  190^  P. 

Fungoid  Spring. — This  spring  is  140  feet  west  of  the  Thud  Spring,  and 
345  feet  south  of  the  spring  described  above.  The  basin  of  this  spring 
measures  13  feet  by  17  feet  and  averages  G  inches  in  depth.  The  de- 
posit is  pure-white  siliceous  sinter,  giving  it  the  appearance  of  a  marble 
basin.  In  the  center  of  this  basin  there  is  another  5  feet  in  diameter  and 
7  feet  deep.  Here  the  water  has  a  greenish  tinge,  which  forms  a  pretty 
contrast  with  the  white  rim  outside.  The  spring  has  a'  margin  of  the 
siliceous  material  that  resembles  a  row  of  fungoid  growths  on  short  pe- 
destals^..  There  ard  two  small  streams  proceeding  from  the  spring,  which 
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are  lined  with  orange-colored  deposit.  Sarroanding  the  spring,  there  is 
a  large  amonnt  of  siliceous  sinter,  formiDg  a  mound,  as  is  the  case  with 
the  other  springs  of  rhe  group.  The  temperature  of  the  water  in  tbe 
spring  is  162^  F.;  air,  049  F.,  at  11.06  a.  m,  Near  the  spring  there  are 
two  small  boles,  in  which  the  water  is  at  ld(P  F.  and  180°  F. 

Kidney  Spring. — This  spriug  is  very  irregular  in  shape,  and  consists  of 
two  arms  that  are  almost  at  right  angles  to  each  other.  The  length  one 
way  is  19  feet  and  the  other  15  feet,  the  average  width  being  about  6  feet. 
The  depth  is  about  1  foot.  The  spring  is  fringed  with  large  scallops, 
each  one  of  which  is  made  up  of  smaller  scallops.  There  are  three  fissure- 
like  centers  of  ebullition  in  which  the  thermometer  records  184^  F.,  190^ 
F.,  1840  F.;  air  at  64P  F.  at  11.10  a.  m.  The  spriug  is  180  feet  northwest 
of  the  Oak  Leaf. 

Cliff  Spring. — ^This  spring  is  240  feet  southeast  of  the  spring  last 
described  and  122  feet  east  of  the  Oak  Leaf.  It  measures  4  feet  by 
8  feet  and  is  5  feet  in  depth.  The  deepest  portion  is  at  one  end  of  the 
spring,  where  there  is  a  cavernous  opening,  overhung  by  a  scalloped 
edge.  The  water  here  is  of  a  light-green  color.  At  the  othef  end  there 
is  a  rugged  fissure,  to  which  the  edge  of  the  spring  slopes  from  the  sur- 
face, having  the  form  in  miniature  of  cliffs.  These,  above  the  water, 
have  a  brown  color  and  below  a  deep  purx^le.  The  temperature  of  the 
water  is  from  192^  F.  to  195^  F.;  air,  64^  F.,  at  11.45  a.  m.  The  overflow 
of  water  finds  its  way  from  the  spring  over  an  orange-colored  bed. 

Jug  Spring  is  123  feet  southeast  of  the  Cliff  and  160  feet  east  of  the 
Oak  Leaf.  It  measures  4  feet  by  5  feet  and  is  3  feet  deep.  Its  tempera- 
ture was  1880  F.;  air,  64P  F.,  at  12.09  p.  m. 

Stirrup  Spring  is  8  feet  by  9  feet  and  5  feet  deep.  There  are  two 
boles  in  the  bottom  of  this  spring  from  which  the  steam  escapes, 
and  a  fissnre  also,  which  makes  the  spring  resemble  the  head  of  an  old 
woman  with  a  cap  on,  the  scalloped  edge  of  the  spring  representing 
the  ruffles  of  the  cap  and  the  fissure  the  mouth,  while  the  other 
steam-vents  represent  the  eyes.  The  temperature  of  the  wat«r  was  188° 
P.;  air,  64^  F.,  at  12.35  p.  m.  There  are  two  small  holes  nea^  this  spring 
in  which  the  thermometer  records  182°  F. 

Lone  Spring, — ^Tliis  spring  is  some  distance  northeast  of  the  other 
springs  of  tbe  group,  and  is  on  the  side  of  a  hill  some  40  feet  higher. 
It  is  4J  feet  in  depth  and  measures  9  feet  by  16  feet.  Its  temperature 
at  8.30  a.  m..  was  186©  F.,  the  air  being  62o  F. 

The  general  elevation  of  the  group  just  described  is  7,162  feet  above 
sea-level,  the  boiling-point  being  about  1990.3  F.  All  the  springs  are 
somewhat  globular  in  shape,  widening  below  the  surface,  having  over- 
banging  edges,  and  narrowing  below  to  fissures  or  tube-like  orifices* 
They  all  belong  to  the  class  of  springs  that  are  constantly  agitated, 
and.  although  this  agitation  is  greater  at  some  times  than  at  others,  I 
doubt  if  any  of  the  springs  iu  the  group  ever  project  a  column  of  water 
into  the  air. 

The  area  of  the  lower  geyser-basin  is  about  thirty  square  miles,  and 
althoQgh  it  contains  a  far  larger  number  of  springs  than  the  upper  basin, 
there  are  not  so  many  true  geysers,  and  the  water  is  not  thrown  as  high 
into  the  air  as  in  the  upper  basin.  The  geysers  of  the  lower  basin  that 
bare  been  seen  to  spout  30  feet  or  upwards  are  the  "  Great  Fountain," 
"The  Fountain,"  the  "  Steady  Geyser,"  "  The  Jet,"  and  two  small  gey- 
sers not  named,  which  are  a  few  yards  below  the  Fountain.  Having  had 
no  time  while  in  the  lower  basin  to  visit  these  geysers,  I  will  here  insert 
the  following  excellent  description,  kindly  furnished  me  by  Mr,  Holmes, 
artist  to  the  survey : 
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Paring  oar  somewhat  protracted  stay  in  the  lower  basin,  I  foand  time  to  observe 
pretty  carefully  all  the  geysers  of  any  considerable  importance.  Among  the  sixer 
eight  which  throw  colamns  of  water  to  the  height,  say,  of  30  feet,  there  is  only  one  that 
possesses  the  dignity  andgrandenr  of  the  great  geysers  of  the  upper  basin.-  Although, 
in  some  respects,  it  is  much  inferior  to  its  more  popular  rivals,  in  others  it  is  cer- 
tainly superior.  In  approaching  the  crater  of  this  geyser  the  observer  is  not  at  Brst 
impressed  with  its  importance,  as  the  outer  rim  of  the  basin  or  rather  table — in  the 
center  of  which  the  fissure  is  situated — is  raised  but  two  or  three  feet  above  the  gene- 
ral level.  This  elevated  part  I  should  estimate  to  be  upwards  of  120  feet  in  diameter, 
and,  with  the  exception  of  the  crater,  it  is  built  up  nearly  to  a  level  with  the  border. 
The  surface,  formed  entirely  of  siliceous  deposit,  is  diversified  by  an  infinite  number  of 
forms  and  colors.  The  depressed  parts  in  some  places  are  so  level  and  white  and  hard 
that  a  name  could  be  engraved  as  easily  and  as  well  as  upon  the  bark  of  a  beech-tree. 
In  others  there  are  most  exquisitely  modeled  basins  and  pockets,  with  ornamented  rims 
and  filled  with  perfectly  transparent  water,  through  which  thousands  of  white  pebbles 
of  geyserite  could  be  seen  lying  in  the  white,  velvety  bottoms.  Rising  above  the  gen- 
era!  level  are  innumerable  little  masses  and  nodes  of  cauliflower-like  and  beaded  silica^ 
standing  out  of  the  shallow  water  like  so  many  islands.  Those  near  the  crater  swell 
-  into  .very  large  rounded  masses.    The  whole  surface  is  bo  solid  that  I  walked,  by  step- 

Sing  from  one  elevation  to  another,  up  to  the  very  brink  of  the  fissure,  where  I  looked 
own  with  no  little  apprehension  into  the  seething  caldron,  where,  12  or  15  feet  below, 
was  a  mas8*of  dark-green  water  in  a  state  of  constant  agitation,  threatening  an  erup- 
tion. .  The  crater  is  about  10  feet  in  diameter,  lined  with  an  irregular  coating  of  beaded 
silica!  The  water  soon  began  to  rise,  plunging  from  side  to  side  in  great  surges,  send- 
ing up  masses  of  steam  and  emitting  angry,  rumbling  sounds.  This  demonstration 
caused  a  precipitate  retreat,  on  my~  part,  to  the  border  of  the  basin,  thinking  that  1 
could  appreciate  the  beauties  of  a  scalding  shower-bath  better  from  that  point  of  view 

An  irregular  mass  of  water  was  thrown  into  the  air  in  the  utmost  confusion,  spread 
ing  out  at  evory  angle  and  whirling  in  every  direction,  some  jets  rising  vertically  to  the 
height  of  60  or  80  feet,  then  separating  into  large  glistening  drops  and  falling  back  intc 
the  whirling  mass  of  water  and  st«am ;  others  shooting  at  an  angle  of  45°  and  falling 
upon  the  islands  and  pools  30  or  40  feet  from  the  base.  The  eruptive  force,  for  a  mo 
ment,  dies  away  and  the  w^ater  sinks  back  into  the  tube.  Then,  with  another  tremen- 
dous effort,  a  second  body  of  water  is  driven  into  the  air,  but  with  a  motion  so  mucl 
more  simple  than  before  that  the  whole  mass  assumes  a  more  regular  form  and  is  lik< 
a  great  fountain  with  a  thousand  jets,  describing  carves  almost  equal  on  all  sides  an( 
foiming  a  symmetrical  whole  more  varied  and  more  grand  than  any  similar  worl 
by  man.  The  intermittent  action  continues  for  nearly  an  hour,  but  is  so  constantl;! 
changing  that  at  no  two  moments  during  that  time  are  the  forms  or  movement! 
the  same.  The  eruptions  are  repeated  at  irregular  intervals  of  a  few  hours  am 
are  not  known  to  vary  essentially  from  the  manner  of  action  here  d.escribed ;  ye 
I  have  good  reason  to  believe  that  at  ceriaiu  times  there  is  a,  much  greater  exhi 
bition  of  power.  It  must  be  borne  in  mind  that  all  the  elevations,  such  as  th* 
tubes,  rims,  and  mounds  about  the  crater  of  a  geyvser,  are  built  by  the  evaporation  o 
the  water,  and  the  portion  of  surface  covered  by  the  beaded  silica  indicates  pi'ecisel; 
the  ai'ea  over  which  the  erupted  water  falls.  In  no  case  did  I  observe  the  water  fall  oat 
side  of  a  circle  of  60  feet  in  diameter,  and  the  additional  force  necessary  to  scatter  it  ove 
twice  that  amount  of  surface  must  produce  a  display  truly  magnificent.  That  thi 
display  actually  occurs  is  attested  by  one  of  our  moantaineers  and  almost  demon 
strated  by  the  extent  of  the  beaded  surface.  During  the  earlier  part  of  the  eraptioi 
a  considerable  quantity  of  water  flows  over  the  rim  and  down  the  sides,  where  it  ha 
formed  a  series  of  basins  somewhat  similar  in  form  and  color  to  those  at  thesprinp^o 
Gardiner's  River.  Falling  from  one  to  another  of  these  it  passes  off  down  the  slop 
and  joins  a  large  stream  of  hot  water  *which  issues  from  a  steady  spring  not  far  awai 

A  few  hundred  vards  farther  up  the  ravine,  and  on  the  opposite  side  of  the  creek, 
discovered  a  small  spring  that  deserves  in  a  quiet  way  to  be  one  of  the  great  attrac 
tions  of  this  attractive  region.  It  is  isolated  from  the  neighboring  springs  and  nestle 
in  against  an  abrupt  bank,  so  obscured  by  tall  pines  that  the  visitor  is  liable  to  pass  i 
by  unnoticed.  In  approaching  &om  the  creek  I  passed  up  a  gradually  ascending  slop 
down  which  the  water  flown,  covering  in  its  meandcrings  more  than  an  acre  of'grouu 
and  leaving,  wherever  it  touches,  brilliant  streams  of  color.  About  a  hundred  yart 
from  the  creek  I  came  upon  the  spring,  the  waters  of  which  stand  nearly  on  a  levi 
with  the  surrounding  surface.  Approaching  the  border  I  looked  down  into  the  blui 
mysterious  depth  and  watched  the  large  bubbles  of  steam  slowly  rising  to  the  surfac 
and  passing  on  into  the  air.  The  larger  of  these  bubbles  would  lift  up  a  considerab] 
quantity  of  water  sometimes  to  the  height  of  3  or  4  feet,  producing  a  kind  of  spai 
modic  boiling  and  dashing  a  succession  of  waves  against  the  rim.  The  spring  is  sa 
iDundcd  by  an  irregulai*  rim  which  stands  a  few  inches  above  the  general  level  of  tl 
water.  The  basin  is  20  feet  long  and  10  feet  wide,  one  end  being  narrower  and  pa 
tially  separated  from  the  main  basin  by  an  irregular  i-ow  of  beaded  islands  and  pn 
Jections. 
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Although  the  Bprinfc  and  basin  are  very  chaste  and  delicate  in  form  as  well  as  color, 
there  are  other  springs  more  beautiful  in  those  respects.  But  when  I  ascended  the 
bank  and  looked  down  upon  the  spring  and  its  surroundings,  I  coucluded,  without  the 
least  hesitation,  that  I  had  never  seen  anything  so  uniquely  beautiful.  On  the  upper 
side  of  the  spring,  next  to  the  bank,  the  water  in  overflowing  rau  into  large  shallow 
pooU,  paintinff  whatever  it  touched  with  the  colors  of  the  rainbow.  Beds  of  rich,  creamy 
wbite  and  rico  yellows  were  interlaid  with  patches  of  siennas  and  purples,  and  di- 
vided up  and  surrounded  by  the  most  fantastic  patterns  of  delicate  grayn  and  rich 
browns.  On  the  side  next  the  creek  the  running  water  has  made  a  net-work  of  streams. 
In  those  where  the  water  is  still  hot,  the  colors  are  bright,  varying  from  a  creamy 
wbite  to  the  brightest  yellows,  but,  as  the  water  becomes  cooler,  farther  down,  the 
colors  erow  darker  and  richer,  the  siennas  greatly  predomiuatiug,  while  the  basins 
of  the  larger  j^ools  are  stained  with  still  darker  colors,  frequently  of  a  purple  tint  and 
reflecting  the  pictaresque  groups  of  pines  on  their  dark  surfaces.  Scatterecf  irregularly 
OTer  the  whole  surface  are  numberless  little  areas  of  dry  deposit,  from  which  the 
brighter  tints  have  laded  but  which  still  retain  such  a  great  variety  of  purple  and 
blue  grays  that  the  harmony  of  the  whole  field  of  color  is  complete. 

Mr.  Holmes,  in  bis  descriptioD  of  the  Great  Foantain,  refers  to  the 
pebbles  of  geyserite  in  the  pocket-like  depressions  surrounding  it. 
These  pebbles  vary  in  size  from  that  of  a  pea  to  two  or  three  inches  in 
diameter.  They  are  made  up  of  concentric  layers.  The  following  an- 
alysis which  I  have  made  will  give  their  composition : 


LcwatlOOOC 3.75 


Analysis. 

Per  cent 

5 

Lonon  ignition 5.25 

Silica 88.60 

Alamina  and  iron 1.60 

Lime  0.95 

Magnesia Trace. 

Soda* Trace. 

Potash* Trace. 

Lithia* Trace. 


100.15 


Farther  up  the  ravine,  at  the  mouth  of  which  this  geyser  is  situated, 
IS  a  group  of  springs  around  which  the  deposit,  instead  of  being  white, 
as  in  the  case  of  other  springs,  is  black.  These  springs  were  referred  to 
iathe  report  of  1871,  page  184,  I  have  made  an  analysis  of  this  de- 
posit and  find  it  to  consist  as  follows : 

Analysis, 

Per  cent 

howttllOOC.   2.66 

Lonon  ignition 6.33 

Sillta 82.80 

Altunina 5.64 

Iron 1.49 

Ume 2.13 

MAgMsia Trace. 

8oda» Trace. 

Pbtash* Trace. 

Vsiigiaeee* Trace. 

101.05 


The  color  of  the  specimen  I  believe  to  be  due  to  the  large  amount  of 
wgaoic  matter  included  in  the  above  analysis  under  the  loss  by  igui- 
tion. 

There  was  one  quite  large  group  of  springs  in  the  lower  basin,  during 
the  gammer,  which  escaped  our  notice  during  the  season  of  1871.    For  a 

*  By  speotroacopic  examination. 
'      10  a  8 
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foil  description  of  it  I  refer  to  Professor  Bradley's  report.  A  specimeo 
from  this  group  was  hauded  to  me  for  analysis.  Composition,  irregalar ; 
color,  rusty  brown;  fracture,  conchoidal;  luster,  vitreous;  hardness, 
6.6-6. 

Analysis, 

Per  oent. 

Loss  at  IIOOC 4.00 

Loss  on  ignition 5.75 

Silica 85.85 

Iron  and  alnmina 1.94 

Lime 1.85 

Magnesia 0.30 

Soda* Trace. 

Potassa*  Trace. 

Lithia*^ Trace. 

99.09 


The  Fountain  Geyser  is  the  second  in  importance  in  theJower  basin,  and 
is  centrally  situated.  It  is  on  a  slight  eminence,  and  from  it  the  deposit 
slot)es  gradually  toward  the  river,  studded  with  innumerable  springs. 
This  geyser  was  fully  described  in  the  report  for  1871,  so  I  will  ])as8  it 
by  here.  Back  of  the  Fountain  are  the  Mud  Puffs,  which  were  also 
fully  described  last  year.  I  wish  to  insert  here  an  analysis,  by  Dr.  End- 
lich,of  a  pink  mud  from  this  locality.  A  portion  of  the  silica  is  doubt- 
less copibined  with  some  of  the  alumina  as  a  silicate. 

^  Analysis, 

Per  cent. 

Lesson  ignition 8. '65 

Silica 44,61 

Alnmina 45.09 

Magnesia 2.66 

Ferric  oxide , 1.86 

Lime Trace. 

Soda* Trace. 

102.87 


Between  the  Fountain  Geyser  and  the  Mud  Puflfs,  we  find  pieces  of 
wood  coated  with  geyserite,  which  assumed  a  beaded  form,  sometimes 
branching  like  certain  forms  of  coral.  Most  of  the  specimeus  are  trans- 
lucent and  have  a  vitreous  luster.  The  color  is  generally  a  light  pink. 
An  analysis  made  by  me  of  this  form  of  geyserite  gives  the  following 
result : 

Analysis. 

Per  cent. 

Water 10.40 

Silica .• 88.48 

Alumina  and  iron .88 

Lime .18 

Magnesia Trace. 

Soda* I'raetf. 

Potassa* Trace. 

Lithia* Tmce. 

99.94 


Wood  may  be  found  in  varions  stages  of  siliciflcation,  and  if  the  prob- 
lem can  ever  be  solved  as  to  the  process  of  silicitication,  I  think  a  sojourn 
in  the  geyser-basiusof  Fire-IIolelliverwill  be  of  the  highest  importance 

*  By  spectroscopio  examination. 
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to  assisting  qs  to  oonclnsions  upon  the  eabject.    My  space  here  is  too 
limited  to  do  more  than  r^i^r  to  it. 

The  area  of  the  lower  geyser-basin  is  aboat  thirty  square  miles,  and 
the  valley  seems  to  he  ooderlaid  by  a  sediatentary,  probably  Post-plio- 
cene, fonnatioa  of  which  part  is  composed  of  brokea  bits  of  geyserite. 
The  bighCHt  temperature  that  was  recorded  is  198'=  F.,  bnt  there  is  no 
do«bt  that  many  of  the  spriDgs  are  at  the  boiling-point,  (1990.5  F.,)  it 
being  impossible  to  determine  it  on  account  of  the  spouting  of  the  water. 
The  general  elevation  of  the  lower  hasin  above  sea-level  is  7,275  feet. 


At  the  lower  end  of  the  basin  the  Fire-Hole  River  is  joined  by  Fairy 
Fall  Creek,  at  the  head  of  which  there  is  a  beautiful  fall  called  the  Fairy 
Fall.  Thia  fall  is  250  feet  high,  and  the  water  falls  into  a  beautiful 
basin  at  the  foot  of  a  cliff.  From  the  mouth  of  this  creek  to  the  mouth 
of  Iron  Spring  Creek,  at  the  lower  end  of  the  upper  geyaer-basin,  the 
digtance  is  five  and  a  half  miles  in  a  bee-line.  Between  the  two  there 
is  a  large  groap  of  springs  that  can  be  included  in  neither,  and  to  which 
we gavB the  name  of  the  Half-Way  Springs;  their  general  elevation  is 
7,296  feet.  These  springs  were  described  at  length  in  the  report  for 
1871.    The  ilIa8tration(Fig.3t>a)  by  Mr.  Elliot  shows  one  of  the  princi- 
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pal  spriogs  in  the  group.  The  peculiar  lamiDatton  of  the  deposit  at  tbe 
edges  id  well  Bbowu.  The  elevation  at  the  lower  end  of  the  opper  bOiaizi 
is  7,321  t;eet,  and  at  Utd  Faithful,  at  the  upper  end,  7,397  feet. 

On  the  morning  of  August  17  all  the  specimens  were  seot  to  Virginia 
City  by  pack-train,  and  in  the  afternoon,  in  company  with  Messrs. 
Brown,  Sloane,  and  Bingham,  I  proceeiled  to  the  upper  basiu  to  m»ke 
observations  on  its  principal  geysers.  These  are  named  as  follows :  Old 
Faithful,  Bee-Hive,  G-iantess,  Castle,  Grand,  Turban,  Saw-Mill,  Giant, 
Grotto,  the  Biverside,  the  Fan,  and  the  Soda  Geyser.  All  of  these,  s»ve 
the  Giant  and  the  Fun,  were  seen  in  action  this  year.  Our  stay  beiu^ 
but  three  days  in  length  nece«sarity  reuders  the  observations  somewhat 
incomplete.  There  is  bat  little  doubt  that  n  longer  stay  would  develop 
many  new  geysers.  We  spent  one  day  at  Old  Faithful,  as  it  spouts  more 
fregueutly  than  any  of  the  others,  and  is  also  at  the  bead  of  the  valley, 
making  a  good  starting-point.    I  will  refer  to  them  all  separately  below. 

Old  Faithful. — The  mouth  of  this  geyser  slopes  inward,  measuring 
autside  8  feet  by  4  feet  aud  inside  C  feet  by  2  feet.  It  is  in  a  mound  of 
geyserite  that  rises  11  feet  11  inches  above  the  surrounding  level,  aud 
measures  at  the  base  145  feet  by  215  feet  and  at  the  top  54  feet  by  20 
feet.  The  mound  is  arranged  in  a  series  of  email  basins,  rising  one 
above  the  other,  iu  which  the  water,  beautifully  clear,  stands  after  the 
eruptions.  The  edges  of  these  basins,  as  well  as  the  throat  of  the  gey- 
ser-tube, are  ornameuted  with  bead-like  silica.  We  tried  to  sound  the 
depth  of  the  geyser-tube,  and  after  letting  out  the  entire  leugth  of  rope, 
360  feet,  and  withdrawing  it,  we  found  the  end  completely  tangle4j, 
which  was  the  case  in  every  attempt.  It  was  impossible  to  get  the 
temperature  of  the  water,  for  imme<liately  after  the  eruption  the  water 
sank  out  of  sight,  and  at  other  times  there  was  so  much  steam  escaping 
that  we  could  not  even  look  into  the  tube.  There  are  four  conictu 
mounds  about  Old  Faithful  that  were  probably  geysers  at  some  time  in 
the  past.  The  eruptions  of  the  geyser  commence  with  a  few  abortive 
attempts,  followed  by  a  rapid  Succession  of  jets,  which  soon  reach  the 
maximum,  and  then  gradually  subside  and  are  followed  by  a  slight 
escape  of  steam.  We  measured  a  base-line  of  100  feet,  and  Mr.  Brown 
was  able  to  get  the  heights  of  five  eruptions,  although  there  were  alto- 
gether seventeen  witnessed  during  our  stay,  as  tbllows : 
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The  Bee  Hive  is  on  the  opposite  side  of  tbe  river  from  Old  Faithful, 

and  aboot  300  yards  distant  in  a  northwesterly  direction.    It  is  on  the 

bank  of  the  river  and  recognizable  at  once  by  its  cone,  which  is  3  feet 

in  height  and  almost  circaiar,  measuring  3  feet  by  4  feet  at  the  top  and 

20  feet  Id  circumference  at  the  base.    It  is  coated  with  beautifully 

beaded  formations  which,  in  some  places,  have  a  pearly  aspect.    The 

orifice  at  the  top  of  the  cone  measures  3  feet  by  2  feet,  and  the  line 

dropped  into  the  tabe  reaches  a  depth  of  21  feet.    The  eruptions  are 

Tery  fine,  and  peculiar  to  this  geyser.    The  water  and  steam  escape 

from  the  orifice  with  great  force  in  a  steady  stream.    The  average  of  the 

height  of  the  column,  which  is  fan-shaped,  is  very  high,  and,  what  is  the 

carious,  no  water  falls  from  it,  but  it  seems  to  be  entirely  resolved  into 

spray,  which  evaporates  as  soon  as  formed.    Three  eruptions  were  wit- 

nessed,  but  all  from  a  distance,  and  we  were  able  to  get  tbe  height  of 

but  one,  which  was  over  100  feet. 

The  following  table  gives  the  eruptions  we  saw : 
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The  duration  and  interval  are  both  seen  to  vary,  although  a  greater 
number  of  observations  are  necessary  to  deduce  any  conclusions,  as  there 
may  be  as  it  were  a  sort  of  regular  irregularity. 

Giantess. — This  geyser  is  on  the  same  side  of  the  river  as  the  Bee- 
Hive  and  only  200  yards  from  it.  It  has  a  large  basin,  measuring  23^ 
feet  by  32}  feet,  in  which  the  water  is  63  feet  deep  and  appears  of  a 
green  color.  When  I  took  its  temperature,  two  days  after  the  eruption, 
the  water  was  level  with  the  rim  and  perfectly  quiet,  the  mercury 
leeordiog  192°  F.;  air,  56^  F.,  at  11.50  a.  m.  The  only  time  we  observed 
it  in  action  was  on  the  evening  of  August  18.  The  eruption  commenced 
at  6.56.30  p.  m.,  and  lasted  17  minutes,  starting  again  at  7.43.30  p.  m. 
This  lasted  about  the  same  length  of  time;  at  8.48.30  p.  m.  it  was  fol- 
lowed by  a  third.  The  maximum  height  of  the  water  was  39  feet;  aver- 
age, 30  feet ;  the  steam  reaching  a  height  of  69  feet.  The  angles  for 
height  were  taken  from  the  end  of  a  baseline  200  feet  in  length.  There 
was  an  immense  mass  of  water  thrown  up  which  surged  and  splashed  in 
all  directions,  with  seventy-three  pulsations  per  minute.  After  the  erup- 
tion tbe  water  sank  20  feet  in  the  basin. 

Around  the  Bee-Hive  and  Giantess  there  is  a  group  of  springs 
in  which  I  took  ten  temperatures,  ranging  from  118^  F.  to  196^  F.,  the 
average  being  173^.6  F.  Among  them  are  a  number  of  cones,  which  are 
probably  geysers  spouting  at  long  intervals,  although  none  of  them  were 
seen  in  action.  On  one  of  these  I  saw  the  bodies  of  about  a  dozen  mice, 
that  had  the  appearance  of  having  been  scalded  to  death. 

Castle  Geyser  is  farther  down  the  river,  430  yards  from  the  Giantess, 
on  the  opposite  side.  It  has  one  of  the  most  noticeable  craters  that  is 
fonnd  in  the  basin.  The  cone  is  on  a  platform  measuring  75  by  100 
fe^  and  3  feet  in  height.  Above  this  platform  it  rises  11  feet  11 
ioclies.    It  is  120  feet  in  circumference  at  the  base  and  20  feet  diameter 
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on  top.  The  orifice  of  the  geyser-tnbe  is  cirenlar  and  3  feet  in  diameter, 
and  its  throat  is  lined  with  large  globular  masses,  of  an  orange-color,  aod 
beantifully  beaded,  as  is  seen  so  universally  tkrong'bont  both  {geyser- 
basins.  An  eruption  is  as  follows :  It  commences  with  &  succession  of 
jets  of  water,  in  number  about  twenty  per  minute,  which  rise  to  Tariooe 
heights.  These  last  about  fifteen  minutes  aud  are  succeeded  by  steam, 
mingled  with  spray,  which  escapes  with  a  sort  of  pulsating  movement. 
This  soon  changes  to  a  steady  escape.  It  seems  as  though  the  water 
were  exhausted  and  the  steam  was  being  forced  out  as  rapidly  as  pos- 
sible. This  again  changes,  and  the  steam  escapes  in  clond-like  masses 
with  a  roaring  sound,  like  the  escape  of  steam  from  some  vast  e8ciii)«- 
pipe,  which  iu  reality  it  is.  This  gradually  dies  away  and  the  eruptioD 
is  euded,  hanng  lasted  about  an  hour  and  twenty  minutes.  We  wit- 
uessed  one  full  eruption  and  parts  of  two  others,  as  follows ; 

First  eruption,  August  18. — Maximum  height,  3i  feet }  mean  height,  21 
feet. 

Second  eruption,  August  19. — 10.3.0  a.  m.,  commencement;  10.6.40 
a.  m.,  maximum  of  wiiter -period,  height  93  feet;  10.18  a.  m.,  maxi- 
mum of  steam,  height  115  feet;  11.25  a.  m.,  end  of  eruption. 

Mean  iieight  of  water,  57  feet ;  of  steam,  81  feet. 

Third  eruption,  August  20. — 7.24  a.  m.,  eruption  began  ;  7.40.20  a.  m., 
eruption  ended. 

We  did  not  see  the  beginning  of  the  first  emption,  and  did  not,  there- 
fore, wait  until  it  was  over.  The  angles  for  height  were  taken  from  the 
end  of  a  base-line  of  100  feet,  measured  from  the  center  of  the  orifice, 
and  the  heights  are  above  the  end  of  the  base-line.  The  third  was  wit- 
nessed from  a  distance,  aud  the  height  was  not  ascertained.  At  the 
base  of  the  Castlo  there  is  a  spring,  measuring  12  feet  by  7  feet, 
which  bubbles  intermittently.  The  water  was  at  the  boiling-point, 
(199°;)  air,640F.,  at  ll.i^  a.  m.  Twelve  feet  from  this  there  is  a  second 
spring  of  the  same  character,  measuring  6  feet  by  3  feet  and  baring  a 
temperature  of  192°  F.  The  bed  of  the  stream  flowing  from  these 
springs  is  coated  with  bright-red  oxide  of  iron.  The  water  in  these 
springs  rose  and  fell  repeatedly  during  the  eruption  of  the  Castle. 
While  steam  mingled  with  spray  escaped  from  the  Castle  the  water 
Fi__  3j_  was  out  of  sight  in 

-.these  springs,  and 
I  when  steam  alone  es- 
"■  caped  they  were  ac- 

itive,  spurting  to  the 
height  of  3  feet.    The 
principal  spring  near 
the  Castle  is  a  large 
blue   spring,  almost 
circular  in  shape, 
measuring  19  by  21 
feet.    It  has  a  most 
regular  and  beautiful 
P  scalloited   edge,  aod 
£  looks  as  tbongfa  it 
Kiu  AnDu-T  A  onysBB-TijiiE,  urpBB  ciRE-HOLK.  wcrc  lined  with  white 

marble.  This  white  basin  slopes  to  a  large  fnuDel-shaped  orifice,  which  is 
on  the  side  next  the  Castle.  This  is  40  feet  deep.  The  surface  of  the  water 
is  placid  and  appears  of  a  most  intense  bine,  especially  over  the  orifice. 
Thetemperaturcof  thewaterwaslSOOF.;  air, 58o F., at  9.08  a.  m.  Fig. 
37  is  an  illustration  of  one  of  the  springs  near  the  Castle,  showing  the  op- 
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pearance  of  the  crater  when  fbe  water  has  receded  into  the  tube.  A  few 
handled  yards  south  of  the  Oastie,  separated  from  it  by  a  small  belt  of 
timber,  there  is  a  group  of  quiet  springs,  ranging  in  temperature  from  lOQo 
F.  to  19G^  F.9  the  average  being  171<^.3  F.  A  number  of  them  are  mud- 
aiffin^  and  it  is  the  only  place  in  the  upper  basin  where  I  noticed  any 
solphar.  The  analysts  of  a  specimen  of  blue  clay  from  one  of  these 
q[>h]ig8,  by  Dr.  £ndiich,  gives  the  following  result : 

Percent 

Lo«  by  ignition -  15.15 

Silica , 50.70 

Alumina 20.27 

Ferric  oxide 3.95 

Mairnwia 11.55 

Lime Trace. 

Salpbaric  acid Trace. 

Chlorine Trace. 

100.92 


Grand  Oeyser  is  460  yards  from  the  Gastle,  across  the  river.  It  is 
situated  at  the  base  of  a  small  hill^  and,  unlike  the  majority  of  the  gey- 
sers, has  no  raised  cone,  but  only  a  basin  sunk  below  the  general  level. 
One  would  scarcely  take  it  to  be  an  important  geyser,  unless  he  wit- 
nessed one  of  its  eruptions.  The  basin  is  52  feet  in  diameter  and  1  foot 
in  depth.  In  the  center  is  the  mouth  of  the  geyser  tube,  measuring  4 
feet  by  2  feet.  The  depth  was  not  ascertained.  All  the  eruptions  we 
saw  took  phice  early  in  the  morning,  and  we  were  unable  to  get  the 
height  of  bat  one,  and  in  order  to  do  this  we  camped  immediately  in 
iroDt;  of  it  and  kept  guard  by  turns  through  the  night.  It  did  not 
spout,  however,  until  daylight,  but  we  succeeded  in  ascertaining  the 
exact  height  of  the  column.    The  eruptions  are  as  follows : 

lint  eruption^  Awfust  18. — 5.20  a.  m.,  eruption  began ;  5.35  a.  m., 
eroption  ended. 

Second  eruptum^  August  19. — 3.35  a.  m.,  eruption  began ;  4.12  a.  m., 
eniption  ended. 

Third  erupiianj  Angtist  20. — 6.33  a.  m.,  eruption  began ;  6.36  a.  m., 
eniption  suspended ;  maximum  height,  122  feet ;  mean,  79  feet.  6.42 
a.  m.,  eruption  began  again  ;  6.46  a.  m.,  eruption  suspended ;  maximum 
height,  173  feet;  mean,  149  feet.  6.56  a.  m.,  action  recommenced.  7.5 
a.  m.,  eruption  ended ;  maximum  height,  84  feet ;  mean,  53  teet. 

As  is  shown  above  the  eruption  consists  of  three  distinct  )>eriods  of 
action,  after  each  one  of  which  the  water  sank  completely  out  of  sight, 
and  water  overflowed  from  the  Turban,  which  is  in  close  proximity,  into 
the  tube  of  the  Grand.  The  water  during  the  eruption  is  carried  up 
in  a  succession  of  jets,  the  main  mass  of  water  being  large.  Through 
this  a  column  will  shoot  at  intervals  to  the  greatest  height.  The  shape 
of  the  entire  column  is,  therefore,  pyramidal,  broad  at  the  base  and 
tapering  to  a  point.  Immense  clouds  of  steam  accompany  the  water, 
and  the  latter  in  falling  back  shakes  the  ground.  The  third  eruption 
was  not  as  high  as  some  that  were  not  measured.  The  height  must 
acMnetimes  exceed  200  feet.  The  interval  between  the  first  and  second 
eruptions  was  22  hotu«,  and  between  the  second  and  third  26  hours  and 
21  minutes.  During  the  third  eruption  there  were  at  first  73  pulsations 
per  minnce,  which  afterward  were  reduced  to  71. 

Turban  Oeyser. — Although  this  is  one  of  the  minor  geysers  of  the  upper 
basin,  it  has,  perhaps,  one  of  the  most  uniquely  beautiful  craters.  It 
spouts  very  frequently,  but  as  all  our  time  was  occupied  with  the  more 
inportaut  ones,  we  asoertained  the  height  of  but  one  eruption  and 
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obtained  uo  <1ata  as  to  the  interval.    Tbe  crater  is  ooly  a  few  feet  froa 

the  GraDd  Geyser,  above  which  it  rises  about  3  feet.     It  is  23  feet  Iod| 

and  11  feet  wide  aud  (i  feet  iu  depth.    The  sides  and  bottom  of  this  largt 

basin  are  covered  with  globular  masses  that  look  like  large  squasba 

or  pampkius.     (Fig.  38.)     This  resemblance  is  increased  by  their  yetlon 

Pig   ,8  color.     We  tlioagb 

^  of  naming  it  thi 

^  Pumpkin   Gevser 

,    but,  as  the  name  Tnr 

'    ban  is  perhaps  mon 

.    enpbouious  aud  Bomi 

i  of  the  masses  are  tu 

I  ban-shape<],wecallei 

5  it  the  Turban  Geysei 

:       The  orifice  throagl 

■r  which  the  water  rise 

I  is  situated  at  cue  em 

I  of  the  basin  and  i 

1^  in-egnlar  in  shape 

-  measuring  4  feet  b 

CLODIJ-A.  MAS56S  IN  THB  CH^TEB  Of  THE  TVKDAS  OBYSEB.  3      f^f^         AtlBT     th 

emptioDs  the  water  sinks  into  the  tube  very  rapidly,  leaving  tb 
entire  ttasin  empty.  Preceding  the  eruption  tbe  basin  fills,  and  th 
mass  of  water  is  so  great  that  it  cannot  be  pnijected  to  any  grea 
height.  It  is  violently  agitated  and  the  escaping  steam  splashes  : 
abont  in  all  directions. 

The  following  is  the  emption  we  witnessed  : 

August  20. — 7.5.30  a.  in.  eroption  began ;  7.5.  t5  a.  m,  emption  endet 
Maximum  height, 25  feet;  mean  height,  10  feet. 

Satc-Jtiill  Qeyser. — This  also  is  one  of  the  smaller  geysers  as  well  s 
one  of  the  prettiest  iu  the  basin.  The  mass  of  water  thrown  up  is  d( 
very  great  in  quantity  and  is  so  broken  into  spray  that  it  presents 
most  delicate  fountain-like  stream.  I  saw  bat  one  eruption  closely,  an 
before  I  bad  time  to  ascertain  the  height  of  the  column,  the  Gran 
Geyser,  which  is  quite  near,  began  to  spout,  and  I  was  obliged  to  lea\ 
tbe  Saw-Mill.  During  its  eruption  there  are  noticed  four  disUnt 
periods  of  action  per  minnt«,  each  one  made  np  of  fifteen  impulse 
The  main  body  of  water  is  carried  up  about  u  feet  and  theu  at  iut«rva 
a  stream  is  snddeuly  shot  through  this  mass  to  the  height  of  abont  I 
or  20  feet.  I  stood  between  tbe  geyser  and  the  sun,  and  on  one  side  t 
the  column  there  was  the  half  arch  of  a  rainbow. 

Qiant  Oeyier. — This  geyser  was  not  seen  in  action  by  any  member  • 
the  expedition  thisyear,  although  last yeiir  it  was  one  of  the  most  actii 
in  the  group.  It  is  500  yards  northwest  from  tbe  Grand  Geyser,  on  tl 
opposite  side  of  the  river,  near  tbe  water's  edge.  It  has  a  rough  con 
like  cratev,  10  feel  iu  height,  measuring  24  by  25  feet  at  the  base.  Tl 
top  is  abont  8  feet  in  diameter,  the  orifiue  from  whieh  tbe  water  is  pr 
jected  being  about  5  feet  in  diameter.  This  cone  is  situated  on  a  pla 
form  of  geyserite,  which  rises  4  feet  above  tbe  surrounding  level  ai 
has  a  circumference  of  342  yards.  The  sounding-line  reached  a  depi 
of  25  feet  in  this  coue.  On  the  same  platform  there  ia  a  second  con 
or  rather  a  mound,  232  feet  in  diameter  and  6  feet  high,  which  has  tv 
orifices  from  which  water  sponta  to  the  height  of  12  to  15  feet  at  irreg 
lap  intervals.  The  first  orifice  measures  0  feet  by  2J  feet,  and  at  tl 
bottom  there  are  two  holes  from  which  the  water  is  projected  siinull 
neously.    The  greatest  depth  which  the  line  .reaches  here  is  17^  fe< 
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Orifice  No.  2  is  3  feet  above  the  first.  It  is  1  foot  in  diameter  and  12 
feet  deep.  Besides  these  principal  openings  there  is  a  large  number  of 
smaller  orifices  and  springs  scattered  over  the  platform,  some  of  which 
are  qaiet  and  some  of  which  spout.  Some  of  the  temperatures  are  as 
follows :  194P  F.,  188o  R,  182o  F.,  198o  F.,  196o  F.,  ld4P  F.,  18Co  F., 
I960  F.^  194^0  F. .  air,  68°  F. ;  time,  4.25  p.  m.  The  water  in  the  Giant 
seemed  to  be  considerably  agitated,  but  never  reached  a  greater  height 
than  about  3  feet  above  the  top  of  the  cone.  The  platform  is  made  up 
of  successive  layers  of  geyserite,  and  on  the  side  next  the  river  the 
vater  has  so  cut  into  it  that  the  layers  are  well  exposed.  They  are 
very  irregular  in  composition,  but  as  a  rule  the  lower  we  go  the  harder 
we  find  tbem.  In  one  of  the  layers  I  obtained  pieces  that  bore  a 
remarkable  resemblance  to  true  opal,  the  color  and  specific  gravity  being 
that  of  semi-opal  rather  than  geyserite.  The  colors  are  white,  red,  aud 
green.  Two  of  these  specimens  were  submitted  to  Dr.  F.  Endlich,  of  the 
Smithsonian  Institution,  who  has  sent  me  the  following  communication 
in  regard  to  them. 

Washington,  D.  C. 

Dear  Sir  :  I  Lave  examined  the  specimens  from  the  Giant  Geyser  that  you  have 
kindly  sobmittcid  to  mo,  and  give  yon  herewith  the  resulU.  From  their  position  at 
tlie  crater  of  the  geyser,  it  may  be  deduced  that  they  are  older  than  the  geyserite  at 
the  sar&ee.  The  minerals  form  plates  of  about  i  to  I  inch  in  thickness,  lying  horizon- 
tal when  in  position,  and  are  also  distributed  in.  irregular  nodules,  bordered  on  all 
»des  by  geyserite.  For  particulars  in  regard  to  locality  I  refer  to  your  report.  The 
Tsrieties  obtained  are  two,  as  follows : 

No,  1.  —  Structure,  amorphous;  hardness,  6-6.5;'  specific  gravity,  2.4903;  color, 
milky  white ;  fracture,  sub-conchoidal ;  luster,  dull. 

Analysis. 

Per  cent 

Lose  by  icniition *.  1*50 

Sirica 95.84 

Ferric  oxide 2.68 

Srf«« Trace. 

LitUam' Trace. 

Calciom* Trace. 

Alomina Trace. 

Total 100.02 


Kow  2.— Stmctnre,  amorphous ;  hardness,  6-6.5 ;  si)ecific  gravity,  2.0816 ;  color,  light- 
greenish  brown  ;  frootare,  conchoidal ;  luster,  vitreous.    Water,  6.3  per  cent.    . 

Comparing  with  quartz,  opal,  and  geyserite,  we  find  the  position  of  this  mineral  as 
follows: 


Hardness. 

Specific  gravity. 

Percentage  of 
silica. 

Percentage  of 
water. 

Quartz 

7  0 
6. 0-6. 5 
6. 0-6. 5 
5.5-6.5 

5.0 

2. 5-2. 8 

2.4 

2.08 

1. 9-2. 3 

1. 8-2. 0 

99 
95 

0.3 

Specimen  No.  1 

Speeimen  No.  2     

1.5 
6.3 

Opal 

93 

87 

7.00 

GciyBerito 

10.00 

We  therefore  have  a  mineral  resembling  in  some  points  semi-opal ;  in  this  case, 
however, having  but  little  water,  a  comparatively  high  specific  gravity,  and  an  entirely- 
new  process  of  formation  for  any  mineral,  occupying,  as  it  docs,  an  intermediate  posi- 
tion between  qnartz  and  opah    As  the  characteristic  feature  of  opal  is  the  x)rescnce  of 

*  By  spectroscopic  examination. 
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ivater,  it  mast,  in  a  chemical  Hystem,  be  referred  to  that  species ;  but,  taking  into  con- 
sideration the  specific  gravity,  the  small  percentage  of  water,  and  the  cirenmstances 
under  which  the  mineral  is  formed,  I  wish  to  distinguish  it  as  a  wcU-definetl  sub-spe- 
cies of  opal,  and  propose  to  name  it  *^  Pealite"  as  yon  were  the  first  to  iind  and  col- 
lect the  mineral. 

Very  respectfully, 

FREDERIC  M.  ENDLICH. 
Dr.  A.  C.  Peale. 

The  following  are  analyses  by  Dr.  Endlicli  of  specimens  from  the  same 
locality.  The  first  is  from  the  top  of  one  of  the  cones,  and  is  a  typical 
specimen  of  geyserite.  It  is  one  of  the  latest  formed  and  is  covered  with 
beautiful  bead  like  processes,  having  a  pearly  luster.  The  second 
specimen  is  also  from  the  Giant  Geyser,  but  is  from  one  of  the  lower 
layers  and  is  much  older.  It  is  opaloid  and  in  layers  some  of  which 
are  white  and  others  red.    The  latter  have  a  flesh-colcn:,  like  raw-beef. 

Analysis  of  specimen  No.  1. 

Per  cent 

Loss  on  ignition ..2 13.42 

Silica 79.56 

Lime 1.54 

Alnmina  046 

Magnesia 1.78 

Iron Trace. 

Chlorine Trace. 

Soda* Trace. 

Total ' 97.76 

Analysis  of  specimen  No.  2. 

Per  cent. 

Loss  by  ignition 6. 525 

Silica 92.64 

Lime 1.03 

Ferric  oxide 0.60 

Alumina Trace. 

Magnesia Trace. 

Soda** - . .'. Trace. 

Strontia^ Trace. 

ToCal 100.52 


Fig.  39  is  an  illustration  of  one  of  the  minor  geysers  of  the  Upper 
Bnsiu. 

The  Grotto  Geyser  is  400  feet  northwest  from  the  Giant,  and  separated 
from  it  by  a  Hue  of  trees.  There  are  two  cones  which  spout  alter- 
.nately  during  the  eruption.  The  larger  one,  which  we  will  call  No.  1,  is 
very  irregular  and  is  8  feet  in  height.  The  tube  from  which  the  water 
is  projected  measures  6  feet  by  2  leet  and  is  19  feet  deep.  The  other 
cone,  No.  2,  is  19  feet  in  diameter  at  the  base  and  14  on  top.  It  is  4 
feet  high,  anil  the  orifice  on  top  is  quadrangular  in  shape,  measuring 
5  feet  by  S  feet.  When  not  in  action  the  water  is  from  10  to  15  feet 
below  the  top.  The  basin  is  10  leet  deep.  The  entire  length,  including 
both  cones,  is  53  feet  and  width  20  feet,  the  centers  of  the  two  being 
30  feet  apart.  The  plan  shown  in  Fig.  40  gives  the  relation  of  the  two. 
Between  them  there  are  two  small  geyser-tubes  which  spout  whenever 
the  main  cones  are  in  action.  The  eruptions  consist  of  a  series  of  jets 
averaging  about  20  per  minute. 

*  Spectroscopic  examination. 
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First  ervption,  Augmt  16. — 2.45  p,  m.,  emption  begao  ;  3.23  p.  m.. 
emptioD  eoded. 

Cooe  No.  1.  Maximum  beigbt,  32  feet;  mean  height,  13  feet. 

CoDe  "So.  2.  Maximum  beigbt,  24  feet;  mean  height.  8  feet. 

Setxmd  ervpHon,  Avguat  19. — 1.27  p.  m.,  eruption  began ;  3.40.30  p.  m., 
naximnm  of  No.  1,  31  feel;  2.42.30  p.  m.,  maximum  of  So.  2,  41  feet; 
Lost.  p.  m.,  eruption  ended. 

i 


Meanheigbt  of  No.  1, 16feet;  of  No.2,  ISfeet.  -wo 

After  the  eruption  the  water  eank  rapidly  to  aliout  20  feet  in  No.  3 

and  15  feet  in  No.  1.  ,  ^.  ., 

The  following  table  will  present  the  results  of  the  observations  on  tlio 

varion-s  geysers  as  made  by  myself.     Other  points  of  interest  will  be 

foond  in  the  various  reports: 
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leneth  of 
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ill 

n 

7  13 

15  CO 

k-m.,. 

M 

at  10  30 

Fig.  40. 


As  we  go  fl-om  the  Grotto  Geyser  down  the  river  on  the  oppsite  sidt 

we  pass  through  the  timber  at  the  foot  of  a  hill.    Eoiergiog  from  tb 

trees  the  first  sprio 
we  meet  with  is  siti 
atetl  at  the  top  of  tb 
hill  some  distune 
above  the  level  of  tl 
river.  This  spring 
bordered    by    caul 

'  flowerlike   forms  < 

geyserite,  which  ha^ 
u  greeoisli  tinge,  'i'l 
water  flows  from  tl 
spring  in  several  snis 
streams,  the  bed 
each  one  being  a  l>ri)[1 
'■'^*'' " '^'"'"" '^"''"''  orange  color.    Tl 

.o,ori(i«.of  cone.;  6ft, oou.ufo.wB.*r.  watcr flowingdowu  tl 

hill  becomes  cool  long  before  it  reaches  the  river.     An  analysis  of 

specimen  from  the  edge  of  this  spring  is  as  follows : 
Color,  f^reeniBh -gray ;  fracture,  conchoidal ;  luster,  dull ;  harduess  outside  3,  iDside 

Analgaia. 

Per« 

Loss  lit  110°  c a.  I 

Loss  on  iimition . 10.  i 

Silica 86. 

Aliimina 1,! 

po" ; 

Mn|;uesift Tra 

Swift Tra 

Polassa Tro 

Litbiu Tm 

101. 


Thinking  that  the  hot  springs  would  have  considerable  influence 
the  temperature  of  the  water  in  the  river,  I  took  the  following  tenipe 
tures  in  the  Fire-Hole  and  Madison  Sivera : 
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PKMitiOll. 


AboreOUIJPUtfafal 

BelPWlAI  Faithful,  opposite  Bee- Hi vo 

QKmMte  Grand  Gej'ser 

Above  Giant 

B^iW  Grotto 

£a»t  Fork  of  Fire-Hole  Kiver  ftbore  its  janction  irith  the  main  river,  but 

Vrlov  ftprin^s 

]£idL«m  River,  \iist  below  the  Janction  of  ea«t  fork  of  Firo-Hole  lUver 

vitli  the  Fiie-Hole  Kiver 

XsdisDQ  lU ver  about  twenty  miles,  below  the  jonctio::  of  east  fork  of  Fire-  $ 

Hole  Kiver.  \ 

IfiiiMm  River  jQst  after  its  Janction  with  the  Jefferson  Hirer,  near  Gallatin 

Citj,  Uontaoa  Territorj 

GtUatin  Kiver  Jnst  above  the  Janction  with  the  Missoari  River,near  Gallatin 

City,  Montana  Territory 


Time. 


13. 00m 

12. 05  p.m... 
12.30  p.m... 

1.50  p.m... 

1.55  p.m... 

7.30  fkm... 

7.40  a.m... 
0.00  p.  m... 
6.00  a.m... 

7.30  a.m... 

7.30  a. m... 


o 

2 

0 


2-1 


a 

o 
H 


OF. 
56 
58 
56 
56 

sd 

44 

45 
66 
28 

45 

45 


s 


OF. 
53 
56 
60 
60 
60 

56 

55 

60.4 

56 

53 

50.5 


These  observiitions  were  all  made  Id  August,  with  the  exception  of 
Uie  last  two,  wliich  were  made  September  10, 1872. 

The  following  analyses  are  of  specimens  coUecited  by  the  Snake  Biver 
division  of  the  expedition : 

No,  1.— Geyaerifce  ball  from  ecyseis  of  SbosboDe  Lake.  Composition,  irregular ;  laster, 
doll;  stnictare,  amorpbous;  bardnesa,  5.5;  color,  grayisb  wbite. 

Analysis. 

Per  cent. 

LmatllOoc 5.75 

Los  ou  ignition 6.25 

SOica 85.75 

Alomina  and  iron 2.30 

lime 85 

Kagneaia Trace. 

8«U* Trace. 

PiBCaaBa* Trace. 

lithia* Trace. 

100,80 

Ko.  2.— Blnisb-gray  geyserite  from  geysers  of  Shoshone  Lake.    Amorpbous ;  lamin- 
*t«d:  loster,  doll ;  hardness,  5. 

Analysis. 

Per  cent. 

LoaatllOoc 5-00 

Lo6B  on  ignition 8«00 

Silica..... 76.80 

Alamina ^.46 

boD * Trace. 

Lime .....r  -•--. 1. 80 

Magneda'.ll'-lll Trace. 

8o&* Trace. 

101. 06 


*  By  spectroscopic  examination. 
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CHAPTER  V. 

MADISON    VALLEV  GEYSER-BASINS  TO  GALLATIN    CITY, 

CHERRY  CREEK  MINES. 

Late  in  the  afternoon  of  Angust  20  we  left  the  upper  geyser-basin 
and  proceeded  to  the  lower,  where  we  found  Captain  Stevenson's  party 
still  encamped,  Dr.  Hayden  having  moved  down  the  river.  As  it  was 
too  late  to  follow  we  waited  until  morning,  when  we  started  at  daylight, 
and  joined  the  party  just  as  they  were  about  leaving  camp  on  Gibbon's 
Fork,  a  branch  of  the  Madison,  which  joins  it  five  miles  below  the 
janction  of  the  east  fork.  The  rocks  between  these  two  points  are  all 
Tolcanic,  trachyte-porphyries,  resembling  those  we  saw  at  the  Grand 
Canon  of  the  Yellowstone.  In  one  place  I  noticed  the  same  round 
geodic  masses  that  I  saw  there,  only  here  they  were  much  larger, 
measuring  as  much  as  6  inches  in  diameter. 

Some  of  the  trachytes  are  laminated,  and  seem  to  have  been  twisted 
after  having  been  deposited.  On  the  left  bank  of  the  river  there  is  a 
high  blaff-wall  extending  from  below  the  east  fork  of  the  Fire  Hole  to 
Gibbon's  Fork  of  the  Ms^ison.  About  three  miles  above  Gibbon's  Pork, 
in  a  gloomy  gorge,  is  a  very  fine  fall  of  about  40  feet  in  height.  On 
reaching  Gibbon's  Fork  I  followed  it  up  a  few  miles,  to  visit  some  hot 
springs  which  Dr.  Hayden  reported  to  me.  These  springs  are  on  the 
right  side  of  the  river,  in  a  valley  about  a  mile  in  length  and  half  a  mile 
in  width*  The  springs  are  situated  at  the  foot  of  a  ridge  rising  about 
1,000  feet  above  them.  This  ridge  is  cut  by  numerous  ravines,  the 
divides  between  being  rounded,  thus  giving  to  the  top  of  the  ridge  the 
appearance  of  a  range  of  conical  peaks.  On  the  opposite  side  of  the 
Madison  there  are  vertical  walls  of  trachyte  1,500  feet  in  height.  The 
springs  are  seven  in  number.  The  largest  one  is  in  reality  a  small  lake, 
in  which  the  water  has  a  temperature  of  140°  F.  It  is  supplied 
by  two  small  streams,  which  have  their  origin  each  in  two  small 
springs  a  few  feet  above.  One  of  these  is  a  pulsating  spring,  the  water 
rising  about  a  foot  above  the  basin.  The  temperatures  are  135<^  F. 
to  15UO  F.  A  short  distance  to  the  east  of  this  lake  there  are 
two  other  springs,  having  respectively  the  temperatures  of  100° 
F.  and  122°  P.  The  temperature  of  the  air  during  these  observa- 
tions was  01°  F.  About  the  center  of  the  valley  there  is  an  old 
spring-basin  composed  of  three  terraces,  rising  about  18  inches  one 
above  the  other,  in  mnch  the  same  manner  as  the  terraces  of  the 
Gardiner's  Kiver  springs.  Here  the  springs  are  extinct  and  the 
terraces  are  overgrown  with  grass.  There  is  considerable  lime,  and  a 
coating  of  iron  lines  all  the  channels  of  the  streams,  carrying  away 
the  overflow  of  these  springs.  They  have  all  doubtless  passed  their 
most  active  period. 

Messrs.  Jackson  and  Coulter,  with  some  other  members  of  the  survey 
who  followed  Gibbon's  Fork  some  ten  miles  above  its  mouth,  have  given 
me  the  following  notes  in  regard  to  a  fall  which  they  discovered : 

Aboat  eigbt  or  nine  miles  above  the  month  of  Gibbon's  Fork  the  valley  gradually 
narrows  into  a  deep  cafion,  the  walls  of  rock  rising  with  a  steep  slope  on  both  sides 
from  near  the  water's  edge,  leaving  scarcely  room  enough  for  a  rough  trail.  After  fol- 
lowing this  calloa  for  about  a  mile,  the  slopes  becoming  steeper  and  the  trail  narrower, 
the  river  seems  to  issne  from  a  perpendicular  wall  standing  directly  across  the  head 
of  the  cafion.  On  reaching  this  precipice,  however,  we  found  that  the  river  makes  a 
diitp  bend  to  the  right,  forming  nearly  a  right  angle  with  its  former  course,  and  Just 
9i  the  beod  makes  a  beautiful  &11  of  nearly  100  feet  in  height.    This  fall  is  very  simi- 
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lar  to  the  upper  fall  of  the  Yellowstone.  The  stream  does  not  leap  sheer  over  the 
l)recipice  iu  one  unhroken  fall,  hat  after  a  few  feet  of  perpendicular  de.«^'DDt  strikes 
upon  a  sloping  ledge  of  rock  and  is  shot  out  at  an  angle  of  about  45^.  The  ^cene  isthe 
more  impressive  from  th^fact  that  it  bursts  upon  the  view  so  unexpectedly,  and  with- 
out the  least  warning,  the  noise  of  the  fall  being  shut  off  both  by  the  intervening  wall 
of  rock  and  the  rapids,  into  which  the  river  is  broken  below.  Above  the  fall  the  river 
runs  with  a  smooth,  slow  current,  no  rapids  breaking  up  its  course  until  it  reaches  the 
very  brink  of  the  precipice,  over  which  it  plunges  into  the  narrow  gorge  below. 

Leaving  Gibbon's  Fork  we  find  ourselves  almost  immediately  in  the 
upper  caiion  of  the  Madison^  which  averages  about  half  a  mile  iu  widtb 
and  is  eight  miles  in  length.  The  hills  on  either  side  rise  from  1,200  tc 
1,500  feet  above  the  river,  those  on  the  left  side  being  almost  vertical 
The  valley  is  partially  timbered,  and  the  hills  also,  wherever  the  tre« 
can  find  a  foot-hold.  Kear  the  lower  end  of  the  eaiion  there  is  a  fin< 
exposure  of  columns  high  up  on  tbe  right-hand  side.  The  rock  ismostl^ 
a  rough,  purplish  trachyte,  with  sanidine  crystals.  Emerging  from  thi 
caiion  we  find  ourselves  in  a  wide  valley,  through  which  the  east  fori 
of  the  Madison  flows  to  join  the  main  river.  Both  cut  their  channels  ii 
serpentine  manner  through  the  modern  beds,  which  are  made  up  o 
Pliocene  sands,  containing  a  considerable  amount  of  obsidian,  whici 
gives  them  a  dark  color.  The  valley'  is  partially  timbered,  and  must  b 
nearly  fifty  miles  in  width.  On  the  22d  we  encamped  near  the  junctioi 
of  the  east  fork,  just  above  the  middle  canon,  where  we  spent  two  day 
waiting  for  Dr.  Hayden  to  join  us  from  a  side-trip  through  Taghe 
Pass  to  Henry's  Lake.  I  made  a  trip  up  the  valley  of  the  east  for 
and  ascended  one  of  the  hills  bordering  it  on  the  north.  The  view  froi 
this  point  was  one  of  the  fairest  that  1  have  ever  gazed  upon.  It  seeme 
to  unite  all  the  elements  of  beauty — hill,  grassy  plains,  <and  windin 
streams.  Both  forks  of  the  Madison  wind  through  the  valley  in  a  seri^ 
of  graceful  curves.  The  rocks  were  not  well  exposed  on  this  hill,  but  s 
far  as  I  could  judge  the  dip  seems  to  be  northeast  at  an  angle  of  aboi 
750  to  8O0.  Proceeding  toward  the  river  I  came  across  limestones,  tl 
upper  layers  of  which  I  take  to  be  Carboniferous,  although  I  could  fin 
no  fossils  to  prove  it.  The  lower  layers  are  probably  Silurian,  and  re^ 
on  chlorite-schists,  which  pass  into  mica-schists  and  gneisses.  The  ang 
of  the  dip  of  these  limestones  is  still  very  great.  At  the  head  of  tl 
valley  of  the  east  fork  there  is  a  range  of  mountains  that  appear  to  1 
volcanic,  and  is  probably  part  of  the  same  range  that  I  noticed  fro 
near  the  hot  springs  on  Gardiner's  Biveir,  which  I  referred  to  in  a  pi 
vious  chapter.  On  one  of  the  branches  of  the  east  fork  I  found  < 
top  of  the  modern  beds  layers  of  trachyte,  which  seem  to  have  hs 
their  origin  in  these  mountains. 

On  the  25th  we  moved  camp  down  the  river  and  camped  in  the  mici 
of  the  middle  canon.  In  one  of  the  gullies  at  the  upper  end  of  t 
caiion  I  found  grains  of  glauconite  in  a  quartzite-rock.  The  weste 
side  of  the  caiion  seems  to  be  composed  entirely  of  metamorphic  rocl 
while  the  eastern  side  has  outcrops  of  Silurian  and  Carboniferous  lin 
stones,  which  at  the  upper  end  incline  northeast  at  a  high  angle. 

On  the  26th  I  visited  a  small  side  caiion  on  the  eastern  side  of  t 
river,  through  which  a  small  creek  flows  to  join  the  Madias 
a  short  distance  above  camp.  It  was  so  narrow  and  rocky  that  we  w< 
obliged  to  leave  our  horses  at  the  mouth.  The  first  rocks  we  encoi 
tered  were  quartz-schists,  followed  by  chlorite-schists,  the  strike  see 
inglf  at  right  angles  to  the  course  of  the  stream,  the  dip  being  sou 
west.  The  next  rocks  were  very  compact  limestones,  dipping  und 
neatb  the  chlorite-schists.  The  lines  of  junction  could  not  be  seen,  I 
they  seemed  to  be  conformable.    The  angle  of  inclination  was  about  G 
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These  bedd  I  took  to  be  SiluriaD,  altboagh  I  eoald  find  do  fossils.  They 
were  lollowed  by  Carboniferous  limestones,  dipping  unconformably  be- 
neath them  at  an  angle  of  50^.  This  aneonformability  was  caused^ 
most  Hkely,  by  the  force  of  upheaval.  There  appears  to  be  a  complete 
inversion  of  the  strata,  which  a  few  miles  farthet  up  the  river  we  saw 
almost  vertical,  but  dipping  northeast.  On  the  opposite  side  of  the 
river  I  found  quartz-schists,  but  they  were  so  covered  by  detritus  and 
the  timber  that  very  little  could  be  determined  in  regard  to  them.  I 
will  refer  again  to  the  inversion  of  the  strata  further  on. 

The  middle  cation  is  seventeen  miles  long,  and  its  direction  from  the 
upper  end  to  the  creek,  where  I  found  the  inverted  strata,  is  northwest. 
Here,  however,  it  takes  an  abrupt  turn  toward  the  west,  almost  at  right 
angles  to  its  former  direction,  and  is  cut  through  chloritic  and  gneissie 
ro^s. 

On  the  27th  we  camped  just  outside  the  canon,  and  from  this  point, 
in  company  with  Messrs.  Gannett,  Holmes,  and  Savage,  I  made  a  trip 
thioagh  Baynold's  Pass  to  Henry's  Lake,  and  thence  across  the  divide, 
agsuD  to  the  valley  of  Red  Rock  Lake.  The  metamorphic  strata  still 
continued  dipping  southwest.  At  Taghee  Pass,  east  of  Henry's  Lake, 
I  believe  they  are  capped  with  Carboniferous  limestone.  Raynold's 
Pass  is  low,  only  G,911  feet  in  height.  The  ascent  is  very  gradual,  and 
it  is  difficult  to  determine  exactly  where  the  stream  running  into 
die  3Iadisoa  ends  and  that  running  into  Henry's  Lake  begins. 
To  the  southwest  of  Henry's  Lake  I  noticed  in  the  distance  a 
Tolcaoic  range.  This  section  of  country,  however,  will  probably  be 
folly  treated  of  by  Professor  Bradley,  and  I  therefore  pass  it.  The 
divide  between  Henry's  Lake  and  Red  Rock  Lake  is  7,271  feet  high,  the 
distance  between  the  lakes  being  about  eight  miles.  On  the  Red  Rock 
side  of  the  divide  I  found  in  the  valley  of  a  small  stream  an  excellent 
exposure  of  reddish  quartz  schists,  the  thickness  of  which  I  estimated 
at  about  2,000  feet  1  am  of  the  opinion  that  they  rest  immediately  on 
the  granites.  They  dip  southwest  at  an  angle  of  20o.  Viewed  from  a 
^ort  distaTice  the  out-crop  has  the  appearance  of  a  huge  staircase. 
Between  Red  Kock  Lake  and  the  Madison  Valley  the  formations  are 
mostly  modern,  mingled  with  igneous  rocks,  the  exact  relations  of 
which  I  had  not  time  to  determine  carefully. 

After  leaving  the  middle  canon,  the  Madison  River  makes  another  turn 
of  nearly  90^  toward  the  north,  and  when  we  reach  the  i)oint  a  short  dis- 
tance below,  near  Indian  Creek,  we  find  the  limestones  which  we  saw  ia 
the  middle  canon  again  making  their  appearance.  I  made  several  trips 
into  the  Madison  Range,  one  above  Indian  Creek,  one  at  Bear  Creek, 
and  a  third  up  Jackass  Creek,  at  the  lower  end  of  the  valley.  Above 
Indian  Creek  I  found  the  ridges  and  peaks  made  up  of  mica-schists, 
which  were  so  covered  with  detritus  that  little  could  be  determined  in 
regard  to  them.  We  had  a  great  deal  of  bad  weather  about  this  time, 
which  also  interfered  much  with  my  work.  Among  the  specimens  I 
obts^ined  are  aplite,  micaceous  gneiss,  and  quartz.  Bear  Creek  is  a 
small  stream,  joining  the  Madison  on  the  right  side,  about  forty-eight 
miles  below  the  canon.  The  rocks  at  the  mouth  are  hard  blue  and  yel- 
low limestones,  containing  fragments  of  corals  and  crinoids.  These  I 
teke  to  be  either  Upper  Silurian  or  Devonian.  The  layers  are  very 
mnch  contorted,  but  the  dip  is  about  west,  or,  x>erhaps,  a  little  north  of 
W€8t ;  angle,  20*=^  to  30o.  These  beds  are  followed  by  dark-blue  Carbo- 
niferous Iknestones,  containing  Stropkomena^  Sjfirifer^  ProductuSy  and 

Ortkis. 

11  o  s 
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^-  *"■  The  entire  exposare  ol 

limestooes  is  about  SOOfcet 

i  in  thickness.     The  upper. 

!  or  rather  lower,  layers— 

=  for  they  are  inverted  as  1 

_  foQDd  them  in  the  middh 

"  ca3on— areinagneeian,and 

.  contain   in   places  bladei 

I  crystals  of  tremoiite.    Th( 

I  limestones  are  followed  bj 

'  430  feet  of  massive  (jnart 

zit«s,   which   are   at  fira 

white  and  then  dark  fron 

,  the  presence  of  iron.    Be 

neath  the  quartzites,  am 

dipping  in  the  same  direc 

j  tion  at  an  angle  of  20°,  an 

>  alternate  layers  of  sand- 

I  and  calcareons  shales,  wid 

;  interlamiuated    bands    o 

I  coal-like  slates,  whicl 

break  readily  at  right  ai 

gles  to  the  plane  of  depos 

tion.     They  are  followe 

by  greenish -gray  calcan 

ons   sandstones,  breakin 

j  into  lamina  from  J  inch  t 

I  2  or  3  inches  in  thickne^: 

j  ThesecontainSWjTonid, JWi 

dtofa,  and  other  fossils 

proving   their  nndoabte 

Jurassic  age.    All  of  thet 

rocks  are  conformable    t 

each  other. 

Jackass  Creek  joins  tl 
Madison  at  the  lower  en 
of  the  valley,  Jnat  aboi 
the  lower  cai^on.  Th 
creek,  like  the  others,  cu 
deeply  into  the  rang< 
affording  an  excellei 
chance  to  get  at  its  stru 
ture.  The  range,  howeve 
is  so  long  and  so  rugge 
capped  with  so  many  shai 
peaks,  that  to  determii 
its  geology  with  precish 
will  require  the  work  of  se 
eral  seasons,  and  I  will  I 
able,  therefore,  to  give  on 
a  general  idea  of  it.  St 
I  think  future  resean 
will  modify  but  little  n 
idea  and  only  fill  in  tbe  d 
tails  that  are  wantio 
There  is  no  doubt  but  th 

IVIRTBD  BIDS  OF  JACKASS    CRBIK.  It  prCSentS  OHB  Of  thC    UlC 
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interesting  fields  of  stady  to  be  fonud  in  the  West.    Jackass  Greek 

eoierges  &om  the  mountaius  through  a  canon,  the  mouth  of  which  is 

verj  narrow  and  bordered  by  gneisses,  which  are  very  micaceous  and 

of  a  black  color.    As  we  proceed  up  the  stream  they  become  lighter. 

The  expoeare  on  the  right  bank  is  very  fine,  the  bedding  being  con- 

89>icooa8,  dipping  northwest  at  an  angle  of  2(P  to  30^.    About  a  mile 

inside  the  cailon  we  meet  first  with  the  limestones,  which  seem  to  dip 

underneath  the  gneissic  rocks.    On  the  left-hand  side  of  the  cafion, 

as  we  go  up  stream,  there  are  two  hills,  on  one  of  which  the  outcrop 

is  gneissic  and  on  the  other  limestone.    Between  is  a  deep  gully,  in 

which  the  line  of  junction  is  so  obscured  that  even  with  the  most 

caiefol   investigation   it  could  not  be  determined.     Just  above  the 

hmestones  we  find  shales  and  quartzites,  which  probably  represent  the 

Potsdam  group.    Between  there  is  a  very  compact  porphyritic  rock, 

which  I  take  to  be  an  old  intrusion  of  igneous  material.    The  limestones 

are  very  compact  and  brittle,  and  in  layers  of  about  6  inches  in  thick- 

aess,  dipping  northwest  at  an  angle  of  3()<^,  seemingly  conformable  with 

the  gneisses.    They  are  probably  Silurian,  and  we  found  in  them  the 

fragment  of  a  tribolite  and  lingulepis.    Still  farther  up  the  canon  ye 

find  Carboniferous  limestones,  containing  well-defined  Carboniferous  fbs- 

mls,  dippi  ng  northwest,  conformably,  with  the  Silurian  beds.    These  layers 

above  weather  a  blue  color,  those  below  yellow,  and  between  them  red. 

Then  follows  a  porphyritic  layer,  resembling  the  one  seen  above  the 

Silurian  rocks.    It  is  followed  by  what  I  take  to  be  Jurassic  beds. 

Although  I  found  no  fossils  here,  the  rocks  are  precisely  of  the  same 

character  as  those  £  found  in  Bear  Creek,  which  contained  Trtgonia^ 

.  &c    Then  followed  more  modem  beds,  made  up  of  soft,  gray  cal- 

careons  sandstones  and  day-slates.    The  lowest  layer  observed  was 

igneoQS  material.    The  accompanying  illustration,  Fig.  41,  corresponds 

with  the  following  section : 

1.  Igneons  rock. 

2.  Clay-slates. 

3.  Soft,  gray  sandstone.    Containing  fragments  of  leaves. 

4.  Green  and  black  shales. 

5.  Gray  shales. 

6.  Green  and  black  shales. 

7.  Qnart^ite. 
a  Shales. 

9.  Quartzite. 

10.  Limestone. 

11.  Conglomerate. 

12.  Porphyritic,  igneons  rock. 

13.  Dark-blue  limestone. 

14.  Beddish  limestone.     ^ 

15w  Yellowish  limestone.  >   Bpirifer^  ProdnotuSy  and  Zqphreretis. 

16.  Bluish  limestone.       ) 

17.  Silurian  limestones. — Trilobite  and  Idngulgfis: 

18.  Shaly  sandstones. 

19.  Porphyritic,  igneous  rock. 

20.  Quartzite. 

21.  Gneiss. 

Toward  the  north  the  strike  of  these  rocks  seems  to  bend  more  and 
more  toward  the  east)  and  probably  extend  across  to  the  Gallatin,  where 
lahall  refer  to  them  again  further  on. 

The  valley  of  the  Madison  from  the  middle  cation  to  the  lower  cafiion 
IS  fifty  miles  lox^  and  averages  six  miles  in  widtii.    It  once  formed 
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the  bed  of  d  lake,  which  was 'probably  one  arm  of  the  lake  to  which  I 

have  referred  before  as  covering  tlic  country 

about  the  Three  Forks  of  the  Missouri,  ftud 

extending  also  into  the  valleys  of  the  Gallatin 

^  and  Jefiersoii  Eivers.    Since  the  subsideuce  of 

I   the  waters  the  gradual  elevation  of  the  country 

-    at  the  head  of  the  river  has  caused  it  to  carve 

out  of  these  deposits  a  beautiful  set  of  terraces, 

the  most  perfect  I  have  ever  seen.    At  the 

head  of  the  valley  there  are  four  of  them,  all 

well  defined.    Some  are  capped  with  basalt 

and  trachyte,  which  is  columnar  above  and 

laminated  below.   Opposite  Virginia  City  there 

are  two,  the  first  of  which,  on  the  west  side  oi 

the  river,  is  53  feet  in  height  and  on  the  east 

em  side  is  wanting.     The  top  of  the  sec 

ond  terrace  is  243.5  feet  above  the  level  o: 

the  river  on  the  western  side  and  149  fe& 

on  the  eastern  side.    These  terraces  are  bn 

the  remnants  of  what  once  filled  up  the  entire 

^  "^  valley,  and  are  composed  above  of  very  sot 

sandstones,  containing  fine  grains  of  mice 

These  sandstones  pass  down  into  conglomei 

ates.    The  beds  are  all  calcareous  and  nearl; 

cS  horizontal  in  position.    On  the  western  sidi 

:  of  the  Madison  Valley  we  find  granites  oai 

I   cropping,  upon  which  are  limestones  probabl 

I   from  the  Silurian  upward.    The  Garboniferov 

«  £   beds,  at  any  rate,  are  present  in  considerab] 

p  §   thickness.   The  underlying  rocks  in  the  valle; 

i  o   upon  which  the  lake-deposits  rest,  I  take  to  I 

S  a   granites.    The  accompanying  illustration  (Fij 

s  I   42)  will  show  what  I  conceive  to  be  the  stra 
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ture  of  the  country.    It  represents  a  sectic 
across  the  country  in  a  westerly  direction  fro 
the  east  side  of  the  Gallatin  River  to  the  we 
side  of  the  Madison.    The  dotted  lines  repi 
sent  the  relation  of  the  inverted  beds,  exteD 
ing  along  the  entire  Madison  Range  to  t 
beds  resting  on  the  granites  on  the  west  si 
of  the  Madison.    The  force  which  inverted  t 
beds  of  the  Madison  range  was  probably  c 
lique  in  its  direction.    The  amount  of  erodi 
^   since  the  upheaval  must  have  been  enormoi 
j^  I  shall  refer  to  this  section  again  when  spei 
-  ing  of  the  Gallatin  Gallon. 
t       When  I  visited  Jackass  Greek  with    i 
^   Holmes  and.  one  of  our  packers,  we  left  1 
"    main  party  on  the  west  side  of  the  river, 
which  side  they  intended  to  proceed    do 
I  stream  some  distance  before  crossing,  i^l 
^   we  were  to  go  down  on  the  east  side  skirt 
the  lower  cafion  as  closely  as  possible,  i 
after  visiting  the  Gherry  Greek  mines  to  j 
them   as  soon  as  we  could  overtake   tli< 
We  left  Jackass  Greek  on  the  morning  of  theSth  and  proceeded  to  tlie  rii 
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wbicb  we  followed  until  we  reached  the  point  where  it  enters  the  middle 
csmoD.  We  then  struck  up  ou  to  the  hills,  which  we  found  to  be  composed 
of  granitoid  rocks,  mostly  gneisses.  We  were  unable  to  get  very  near 
the  canon,  on  account  of  the  ruggedness  of  the  country.  We  spent  the 
day  descending  into  deep  ravines  and  crossing  high  ridges.  The  country 
is  very  rough  and  we  had  no  trail  to  follow.  Several  times  we  thought 
we  might  be  obliged  to  turn  back.  The  highest  point  we  reached  had  an 
elevation  of  8^000  feet.  This  was  ou  the  divide  between  the  Gallatin  and 
the  Madison,  and  we  had  a  good  view  of  the  valleys  of  the  Gallatin, 
Madison,  and  Jefferson,  which  lay  spread  out  before  us,  the  relations  to 
each  other  of  the  different  patches  of  lake-deposits  between  the  rivers  be- 
ing beautifully  shown.  In  the  gneisses  over  which  we  were  passing, 
which  dip  northwest,  there  are  numerous  veins  of  white  quartz.  In  one 
place  I  noticed  immense  masses  of  it  containing  a  green  mica,/t^^i^ 
which  wns  so  abundant  that  it  gave  a  green  color  to  the  entire  mass. 
We  camped  late  in  the  evening  at  the  head  of  Pole  Creek,  which  we  mis- 
took for  (Jherry  Creek.  lu  the  morning  we  proceeded  down  stream, 
hoping  to  reach  the  mines.  We  found  that  the  gneissic  rocks  continued 
for  some  distance  and  were  succeeded  by  beds  of  massive  quartzite 
resting  conformably  on  them.  These  quartzites  are  succeeded  by  sand- 
stones, shales,  and  shaly  limestones,  above  which,  we  find  a  bed  of 
jasper  and  flint  containing  a  beautiful  variety  of  specimens.  Above  this 
is  a  bed  of  limestone.  All  of  these  beds  are  probably  Lower  Silurian. 
Beaching  the  mouth  of  Pole  Creek  we  found  that  it  was  a  branch  of  Cher- 
ry Creek,  and  we  were  four  miles  below  the  mines.  We  then  turned 
oar  horses'  heads  up  stream  and  reached  the  mines  about  noon.  We 
q[)ent  two  hours  examining  them,  during  which  time  I  obtained  the  follow- 
ing information :  The  mines  are  situated  in  gneissic  rocks  of  distinct 
bedding,  dipping  northeast.  All  the  openings  have  been  made  on  the 
side  of  the  hill,  which  faces  toward  the  south.  The  first  discovery 
wag  made  at  the  Havana  lode,  near  the  Madison  Biver,  some  four 
miles  northwest  of  the  present  camp,  in  May,  1872.  Next,  the  Devil's 
Gate  lode  was  discovered,  3,000  feet  southeast  of  the  Havana.  In 
June  the  discovery  was  made  at  the  present  camp.  There  has  really 
very  little  been  done,  as  yet,  beyond  the  staking  of  claims  and  the  be- 
ginning of  shafts  inlo  them.  I  will  give  the  names  of  the  various 
lodes  that  I  visited,  with  various  points  of  interest  concerning  them  : 

Eberhardt  lode. — This  lode  was  discovered  on  the  5th  of  June,  1872. 
It  is  three  feet  in  width  and  strikes  north  75^  west,  dipping  north  15^ 
east;  angle,  40<^.  The  walls  are  gneissic.  The  gangue  is  quartz  and 
jasper  containing  native  silver.  The  assays  of  the  ore  are  said  to  aver- 
age $600  per  ton.  There  are  two  claims  on  the  lode,  one  called  the 
Eberhardt  Discovery  and  the  other  the  Eberhardt  Extension.  A  shaft 
has  been  sunk  in  each  to  the  depth  of  15  feet.  Not  more  than  four  or 
five  tons  of  ore  have  been  taken  from  these  shafts.  Several  sales  in 
this  lode  have  been  made  since  its  discovery,  averaging  about  $150 
per  100  feet. 

The  Heintzleman  lode  was  also  discovered  on  the  6th  of  June,  1872. 
It  is  above  and  parallel  with  the  Eberhardt.  The  strike  is  north  80^ 
west;  dip,  north  lOo  east;  angle,  40^;  width,  3  feet.  The  walls  are 
gneissic;  the  gangue  is  the  same  as  in  the  Eberhardt,  containing 
native  silver  and  pyrites.  There  are  two  claims,  and  two  tunnels  are 
being  driven  into  it.  One  has  reached  a  depth  of  25  feet  and  the  other 
30  feet  The  ore  is  said  to  average  $900  to  the  ton,  none  of  the  assays 
ever  having  been  less  than  $300 ;  the  greatest  (a  x>icked  specimen)  gave 
a  JTOisuIt  of  $5,670  to  the  ton.    One  hundred  and  fifty  feet  of  this  lode 
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were  sold  for  $3,500,  with  the  agreement  that  a  shaft  was  to  be  sunk  to 
the  depth  of  100  feet. 

Clarke  lode. — ^This  lode  was  discovered  Juue  11,  1872.  The  strike  is 
northwest )  dip,  northeast ;  angle,  50<^  \  width,  2^  feet. 

Alabaina  lode. — This  lode  is  ImjIow  tbe  others.  Strike,  north  7(P  west^ 
dip,  northeast ;  angle,  60^.  It  is  only  a  few  inches  in  width,  and  at 
present  there  is  only  a  small  opening  into  it. 

Pennsylvania  lode  was  discovered  June  11,  1872.  This  is  also  quite 
narrow,  not  exceeding  a  foot  in  width.  The  strike  is  north  30^  west; 
dip,  northeast ;  angle,  65^.  Assays  are  said  to  yield  $54  in  gold  and 
$22.75  in  silver. 

6.  IF.  Rea  lode  is  3^  inches  in  width.    The  ore  has  never  been  assayed. 

Valentine  lode  is  supposed  to  be  an  extention  of  the  Eberhtudt 
Very  little  work  has  been  done  on  it  yet. 

Z,  DaniePs  lode. — This  lode  was  discovered  June  7, 1872.  It  has  e 
shaft  10  feet  in  depth.  The  crevice  is  2  feet  in  width.  The  strike  u 
northwest ;  dip,  northeast ;  angle,  50^. 

Home  ^^e.— This  lode  was  discovered  June  9, 1872,  and  is  one  of  th< 
richest  in  the  district,  the  ore  being  said  to  have  assayed  $3,200  pei 
ton.  The  strike  is  north  30^  west ;  dip,  northeast ;  angle,  48^.  Th< 
width  is  3  feet.  There  have  been  two  shafts  sunk  on  it,  one  reachini 
10  fe^t  in  depth,  the  other  15  feet.  The  strike  seems  to  turn  to  th< 
southwest,  and  the  angle  decreases  to  45^.  A  three-fourths  interest  h 
this  lode  (1,125  feet)  has  been  sold  at  $900. 

Para>8ol  lode  is  above  the  Heintzleman,  and  parallel  with  it.  It  dip 
northeast  at  an  angle  of  60^.  It  is  4  feet  in  width,  and  has  a  shaft  1 
feet  in  depth. 

Emma  lode  is  above  the  Parasol,  and  parallel  with  it.  It  is  2  feet  i 
width. 

New  Haven  lode  is  on  top  of  the  ridge  above  the  Emma,  and  is  I 
inches  in  width.  Other  lodes  in  this  district  are  the  Claggettj  Takkt 
DoodUj  Merrimac^  DaviSj  Silver  Crown^  and  Monarch. 

The  Harper  lode  is  opposite  the  Cherry  Creek  district,  on  the  opposil 
side  of  Cherry  Creek,  and  is  in  limestones  instead  of  gneisses.  It  is  S 
feet  wide,  and  the  strike  is  nearly  east  and  west  ^  dip,  south.  It  wi 
discovered  July  12, 1872.  The  ore  is  said  to  assay  $37  in  gold  and  ( 
in  silver  per  ton. 

When  I  visited  them  there  were  fifty  men  working  at  the  Chet"! 
Creek  mines,  their  wages  being  $4  per  day,  or  $75  per  month  \vi( 
board.  This  is  the  first  important  discovery  of  silver  in  the  Territor 
and  there  are  no  mills  for  tbe  reduction  of  the  ore  at  present.  Whethi 
the  ore  is  in  ore-beds  or  bedded  veins  cannot  be  determined  witboi 
further  investigation.  Some  of  the  lodes  have  been  traced  from  t1 
Madison  River  a  distance  of  more  than  four  miles.  The  country-iXK 
is  all  gueissic,  and  the  lodes  are  parallel  with  each  other.  It  will  1 
noticed  that  they  are  all  narrow,  but  it  is  claimed  that  they  widen  ; 
we  descend.  The  metallic  silver  is  very  apparent  in  the  ore,  having  tl 
form  of  arborescent  crystals. 

On  the  opposite  side  of  the  Madison  we  find  the  Silver  Shower  distri 
containing  silver  mines,  which  were  discovered  about  the  28th  of  Juii 
1872.  It  is  probable  that  they  are  merely  extensions  of  the  ledges  i 
have  described  on  the  east  side  of  tbe  Madison,  as  the  ore  is  said  to 
much  the  same  and  occurring  in  the  same  manner  in  gneissic  roci 
The  principal  lodes  in  the  Silver  Shower  district  are  the  Silver  Shotd 
the  Pilgrim^  the  StonewallJackeon^  the  Chloride^  and  the  Cross-Key,  T 
assays  are  said  to  vary  from  $650  to  $900  per  ton.    Kative  silver  is  r 
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seen  so  abandantly  as  in  the  specimens  from  Cherry  Greek.  Specimens 
from  the  Stonewall  Jackson  lode  contain  galena,  which  is  not  seen 
at  Cherry  Creek. 

Leaving  Cherry  Creek  we  crossed  the  hills  to  Elk  Creek,  which  runs 
almost  parallel  to  Cherry  Creek.  On  the  way  we  passed,  on  top  of  the 
lidge,  several  openings,  none  of  which  were  developed  to  any  great 
exteot.  Beaching  Elk  Creek  we  followed  it  to  the  Madison,  where  we 
learned  at  a  ranch  that  the  party  had  passed  down  the  river  the  day 
previous.  We  camped  for  the  night  a  few  miles  below  the  mouth  of 
Elk  Creek,  and  the  next  morning  started  down  the  Madison.  The  bluffs 
on  either  side  of  the  river  are  made  up  of  Pliocene  marls  and  sandstones, 
the  remnants  of  the  lake-deposits.  In  some  of  the  ravines,  cot  iu  these 
blnfb  by  the  little  streams,  we  find  beautiful  specimens  of  silicifLed 
wood.  We  reached  Gallatin  City  at  the  Three  Forks  of  the  Missouri 
aboQt  noon,  and  learned  that  the  party  had  camped  there  the  night 
before  and  had  left  early  in  the  morning  on  their  way  up  the  Gallatin 
Biver.  We  followed  and  joined  them  at  night-fall.  Above  Gallatin 
City,  on  the  north  side  of  the  river,  there  are  several  fine  exposures  of 
Carboniferous  and  Silurian  rocks,  the  consideration  of  which  I  reserve 
for  the  next  chapter.  About  four  miles  above  Gallatin  City,  on  the 
right-baod  side  of  the  stage-road  leading  to  Bozeman,  i  noticed  bowlders 
of  hrowD,  flinty  rock,  resembling  those  I  saw  on  Pole  Creek,  but  was 
unable  to  determine  whence  they  came.  The  following  day,  September 
11,  we  reached  Fort  Ellis,  and  camped  on  our  old  .camp-grounds,  from 
which  we  had  been  absent  almost  two  months. 


CHAPTER  VI. 

QiAIiliATIN    VALLEY,  BOZEMAIST    CREEK,   MIDDLE    CREEK, 
MOUNT  BLACKMORB,  AND  WEST  GALLATIN  RIVER. 

On  the  14tb  of  September,  in  company  with  Messrs.  Gannett  and 
Holmes,  I  left  Fo^t  Ellis  to  ascend  Mount  Blackmore  and  investigate 
the  geology  of  the  country  south  of  the  Gallatin  Valley.  The  range  in 
vhich  the  peak  is  situated  gives  origin  to  the  branches  of  tlie  East  Gal- 
latin, and  once  formed  a  portion  of  the  southern  shore- line  of  the  lake 
which  extended  over  the  country  about  the  Three  Forks.  Although 
the  peak  stands  np  prominently,  and  is  in  plain  sight  from  Fort  Ellis 
and  Bozeman,  it  was  difficult  to  determine  exactly  which  stream  would 
lead  us  to  it^  base.  -  We  selected  Bozeman  Creek  as  the  one  to  follow, 
hoping  that  if  it  did  not  lead  us  to  the  right  point)  we  would  be  able  to 
cross  the  ridges  and  thus  accomplish  our  purpose.  We  camped  in  the 
evening,  just  inside  the  mountains,  in  the  caiion  of  Bozeman  Creek,  and 
the  next  day  pushed  on  up  stream.  The  timber  along  the  creek  was  so 
thick  that  we  ascended  the  hills,  hoping  to  find  traveling  less  difficult. 
We  were  obliged,  however,  to  return  to  the  bottom  of  the  canon.  From 
the  mouth  of  the  caiion  for  about  five  miles  the  granites  are  the  only 
rocks  exi)o«ed.  Succeeding  them  are  the  limestones  to  which  I  referred 
in  the  second  chapter  when  speaking  of  Mystic  Lake.  The  hills  come 
down  so  abruptly  to  the  edge  of  the  creek  and  the  canon  is  so  densely 
timbered  that,  iu  order  to  make  any  progress  at  all,  we  were  often  obliged 
to  wade  in  the  bed  of  the  stream.  On  reaching  Mystic  Lake  we  found 
that  it  would  be  impossible  to  take  our  animals  across  the  ridges  which 
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separated  ua  from  Mount  Bla<5kmore,  and  that  our  best  plan  would  be  to 
try  the  next  creek  to  the  westward.  So,  joined  by  Mr.  Jackson  and  hie 
party,  who  had  been  at  Mystic  Lake  several  days  photographing  its  fine 
scenery,  we  returned  to  the  plain  of  the  Gallatin  Valley,  and  the  next 
morning,  skirting  the  edge  of  tlie  mountains  until  we  reached  Middle 
Creek,  we  entered  its  canon.  We  found  the  lower  part  of  the  canon 
quite  open  and  had  very  easy  traveling  for  about  two  miles,  when  it 
began  to  narrow,  and  the  granite  rocks  towered  high  above  us  on  botb 
sides  of  the  stream,  which  here  rushes  furiously  over  its  rocky  bed.  Im 
mense  slides  of  rock  extend  from  the  cliflfe  above  to  the  water's  edge 
and,  with  the  dense  pine-forest  through  which  we  were  obliged  to  cut  oui 
way  with  the  ax^  rendered  our  progress  slow  and  difficult.  The  rockt 
are  mostly  gneissic,  dipping  northeast  at  an  angle  of  about  TO^.  Aft^i 
five  miles  of  this  rough  traveling  we  came  out  into  a  small  open  rallei 
or  park,  bounded  on  either  side  by  rather  low  rounded  hills  covered 
with  sage-brush;  here  we  camped.  Shortly  after  getting  out  of  tin 
caHon  we  find  limestones  crossing  the  creek,  the  strike  being  almost  a 
right  angles  to  its  course.  On  the  left  bank  of  the  creek  there  is  a  blui 
showing  a  fine  exposure  of  the  layers,  which  I  take  to  be  Silurian 
although  no  fossils  could  be  found.  They  dip  south  of  east  45o.to  50^ 
They  are,  probably,  a  prolongation  of  the  layers  below  Mystic  Lake 
Between  the  two  points  there  must  be  a  rather  abrupt  turn  in  the  strike 
When  at  Mystic  Lake,  however,  I  noticed  that  the  layers  began  to  tiir 
more  and  more  toward  the  west  as  we  followed  them  below  tbe  lake.  2 
little  farther  up  the  valley  of  Middle  Creek  we  Ibund  true  Carboniferou 
beds  containing  Orthis,  Spirifery  Strophomena,  Atrypa^  and  other  Cai 
boniferous  fossils.  Still  farther  up  the  valley  we  find  that  the  dip  i 
reversed,  and  we  have  crossed  a  synclinal  which  is  at  right  angles  t 
the  course  of  the  stream.  The  occurrence  of  volcanic  outbursts  at  th 
head  of  the  stream  has  thrown  the  sedimentary  beds  into  some  confi 
sion,  so  it  is  difficult  to  reduce  them  to  any  system.  On  the  17th  w 
camped  in  one  of  the  most  picturesque  valleys  or  parks  that  I  have  ev< 
seen.  It  is  about  a  quarter  of  a  mile  in  length  and  almost  oval  in  shap< 
bordered  by  a  line  of  grand  old  pines.  Through  the  center  of  the  par 
Middle  Creek  flows.  Back  of  the  trees  on  the  east  side  of  the  park,  ri 
ing  to  the  height  of  over  3,000  feet  above  the  bed  of  the  creek,  is  a 
almost  bluff  wall  of  volcanic  rock,  the  prevailing  color  of  which  is  blacl 
relieved  here  and  there  by  streaks  of  red  and  green,  as  though  it  ha 
been  painted.  This  wall  is  surmounted  by  dome  and  spire  like  poin 
of  rock,  in  whose  crevices  lay  deep  snow-banks.  At  some  points  on  tl 
wall  we  could  distinguish  groups  of  stunted  pines.  On  the  opposii 
side  of  the  park  is  a  similar  wall,  which  has  been  more  affected  by  tl 
processes  of  weathering  and  presents  many  curious^  architectural  foinm 
It  does  not  require  a  very  ^\y\d  imagination  to  trace  on  its  front  tl 
f^rms  of  castles  and  fortress- walls.  At  the  head  of  the  park  the  W8 
makes  a  slight  turn  to  the  east,  and  here  there  are  three  monument-lil 
piles  of  rock,  dome-shaped  masses  surmounting  perpendicular  walls,  < 
which  we  could  see  numerous  waterfalls,  looking  like  silver  threat 
against  the  black  background.  To  the  most  prominent  of  the  three  ^ 
gave  the  name  of  Palace  Butte  and  the  other  two  we  called  the  Tw 
Buttes.  The  park  in  which  we  were  camped  we  called  Palace  Par 
From  this  point  we  concluded  to  strike  out  for  the  ascent  of  Mou 
Blackmore,  which,  although  not  in  sight,  we  knew  to  be  to  the  westwa 
of  us  and  not  far  off.  The  following  morning  we  started,  and,  reacbii 
the  summit  of  the  first  ridge,  saw  the  peak  immediately  before  us  ni 
separated  from  us  by  a  deep  mvine  which  we  were  obliged  to  cross.     C 
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this  firat  ridge  we  passed  over  the  upturned  edges  of  limestoues,  dip- 
pine^  about  northeast,  and  on  the  opposite  side  of  the  ravine,  on  the  side 
of  the  ridge  which  culminates  in  Mount  Blackmore,  there  is  also  an  ex- 
posure ot  limestone,  dipping  in  the  same  direction.  The  upi)er  layers 
have  an  inclination  of  about  30°,  while  the  lower  ones  incline  only  lO^. 
These  limestones  are  capped  with  volciinic  material,  which  seems  at  first 
to  have  tipped  them  up  and  afterward  crushed  them.  Mount  Black- 
more  itself  is  a  volcanic  peak,  and  the  nearness  of  the  sedimentary 
rocks  to  the  center  of  volcanic  action,  which  lies  to  the  south  or  south- 
east, has  afiected  them  to  a  great  extent  and  thrown  them  into  great 
ceDfosion.  Taking  our  horses  to  the  timber-line  (9,550  teet)  we  finished 
the  asoeot  on  foot  with  comparative  ease.  The  rock  of  which  the  peak 
is  composed  is  basaltic  in  its  character,  of  black  and  red  colors.  On  the 
sommit  it  is  very  compact  and  massive,  while  below  we.find  it  laminated 
and  somewhat  ]x»rphyritic  On  the  way  up  I  found  excellent  specimens 
of  Hyalite  in  globular  concretions,  as  clear  as  glass,  coating  the  rocks 
and  making  them  look  as  though  coated  with  ice.  I  also  found  Chalce- 
iumy  and  a  yellow  variety  of  opal  resembling  somewhat  fire-opal.  It 
varies  in  color  from  a  honey -yellow  with  a  greenish  tinge  to  a  brownish 
red.  It  is  opaque;  luster  vitreous;  hardness,  5;  specific  gravity, 2.172. 
Considering  its  physical  properties  it  might  be  distinguishecl  as  a 
variety  of  opal  between  fire-opal  and  the  ordinary  semi-opal.  I  propose 
for  it  the  name  of  Blachmorite^  from  its  locality,  Mount  Blackmore.  An 
analysis  of  it  is  as  follows : 
• 

Analysis, 

'Por  cent. 

LwaillOoC 7.40 

Low  on  ignition 2.  40 

Sflica 85.20 

Iron  oxide 2.68 

Ume 1.48 

Migneeia 0.37 

8oda» Trace. 


I 


99.53 


The  view  from  the  summit  of  Mount  Blackmore  is  grand  in  the  ex- 
treme. When  we  turn  to  the  south  we  overlook  an  intensely  rugged 
ooontry,  studded  with  numerous  sharp  volcanic  peaks.  Quite  near 
the  peak  there  is  one  point  which  I^ooksas  though  it  were  once  the  center 
of  volcanic  action,  the  sloping  sides  bearing  a  striking  resemblance  to 
the  sides  of  an  old  crater.  To  the  north  the  field  of  vision  is  immense. 
The  valley  of  the  Gallatin,  from  its  sources  at  our  feet  to  the  Three 
Forks,  lies  spread  out  before  us,  au<l  beyond  we  could  distinguish  in  the 
dim  distance  even  the  Missouri.  Here  we  could  trace  the  layers  of 
limestone  from  Mystic  Lake  to  Middle  Creek,  thence  across  the 
Cottonwood,  the  next  stream  to  the  west,  and  thence  across  to  the  West 
Gallatin.  All  these  streams  have  cut  their  way  directly  across  the 
strata  at  right  angles  to  the  strike.  To  the  west  we  could  see  the  Madi- 
son Range,  and  on  the  east  the  snowy  range  of  the  Yellowstone*  The 
elevation  of  the  peak  above  sea-level  is  10,134  feet.  The  following 
moniing  we  followed  Middle  Creek  to  its  sources,  and  found  that  the 
valley  abounded  in  most  magnificent  scenery,  foliage,  rocks,  and  numer- 
oas  water-falls  and  cascades  combining  to  form  the  most  beautiful  pic- 


*  By  spectroecopic  examination. 
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tures,  and  Mr.  Jackson  concluded  to  remain  several  days  in  the  vall^. 
We  continued  on  our  way,  hoping  to  be  able  to  cross  the  range  and 
descend  to  the  West  Gallatin,  where  we  expected  to  join  the  main  party 
the  next  day.    We  reached  an  elevation  of  9,000  feet,  and  found  oar- 
selves  surrounded  by  a  semicircular  wall,  which  rose  600  feet  in  perpen- 
dicnlar  height  above  us.    At  the  base  lay  immense  banks  of  snow.    To 
cross  was  impossible,  so  we  retraced  our  steps,  and  on  reaching  the  first 
open  space  above  the  caiion  where  we  had  encamped  three  days  before, 
we  crossed  the  ridge  to  Cottonwood  Creek,  which  we  followed  to  the 
plain.    We  then  proceeded  along  the  edge  of  the  mountains  until  we 
reached  the  mouth  of  the  West  Gallatin  Canon,  and,  striking  the  trail 
of  the  main  party,  we  pushed  up  stream  as  rapidly  as  possible.    The 
rocks  at  the  mouth  of  the  ca&on  are  gneisses,  which  dip  northwest  at 
an  angle  of  about  75^.    They  are  followed  by  immense  beds  of  lime- 
stone, which  at  first,  I  think,  dip  in  a  southerly  direction,  but  soon 
change  to  the  northeast.    The  angle  varies  from  20^  to  30^.    They  are 
the  direct  prolongation  of  the  layers  which  we  observed  on  Middle  and 
Cottonwood  Creeks,  and  which  we  also  noticed  on  Pole  and  Cherry 
Creeks  when  we  were  on  our  way  down  the  Madison.    The  limestones 
are  again  succeeded  by  gneisses,  probably  the  continuation  of  those 
through  which  the  Madison  cuts  the  Lower  Canon.    Then  follow  lime- 
stones dipping  southwest    These  I  believe  to  be  the  continuation  of 
the  layers  in  the  Madison  Bange,  which  I  referred  to  as  making  a  turn 
toward  the  east  near  Jackass  Creek.    To  the  east  of  the  Oallatin  River  it 
is  difiScnlt  to  trace  them,  for  we  find  ourselves  immediately  in  a  volcanic 
region.    That  there  is  some  connection  between  this  ridge  and  the  lay- 
ers outcro[)ping  on  Cinnabar  Mountain  is  highly  probable.    Just  above 
this  last  ridge  of  limestone  we  found  the  main  party  encamped.    On 
the  opposite  side  of  the  river  there  was  a  high  Muff  wall  made  up  of 
Cretaceous  and  Jurassic  rocks.    Our  camp  on  the  western  side  was 
upon  Jurassic  rocks.    These  seem  to  continue  to  the  westward  in  a  gen- 
tle slope  from  the  Oallatin  to  the  Madison  Range.    The  weather  became 
so  snowy  and  unfavorable  for  work  that  I  was  not  able  to  follow  the 
beds  to  the  westward,  as  I  desired,  but  the  section  shown  in  Fig.  42 
which  I  referred  to  in  the  preceding  chapter,  will  show  what  I  believe 
to  be  the  relation  of  the  beds  exposed  on  the  Gallatin,  opposite  our 
camp,  to  those  of  the  Madison  Range.    To  definitely  settle  their  rela- 
tion, however,  the  western  side  of  the  Madison  Range  will  have  to  be 
worked  out  in  more  detail  than  it  has  been  up  to  the  present  time.  The 
canon  of  the  West  Gallatin  is  so  fully  treated  of  in  other  portions  of 
the  report  that  I  have  thou .  ht  it  best  merely  to  refer  to  it    Leaving  the 
Gallatin  River  we  crossed  the  divide  to  the  Yellowstone  River.    On  the 
very  summit  I  obtained  specimens  of  silicified  wood  embedded  in  basaltic 
rock,  which  is  here  mingled  with  Tertiary  sandstoues,  which  have  here 
been  very  much  metamorphosed.    The  elevation  of  thedivide  at  the  point 
we  crossed  it  is  9,317  feet    We  struck  the  Yellowstone  just  below  the 
second  caiion,  and  followed  it  down  to  Bottler's  ranch.    While  at  this 
point  1  crossed  the  Yellowstone  River  and  went  up  Emigrant  Gulch,  one 
of  the  regions  in  which  gold-mining  has  been  carried  on  to  a  somewhat 
limited  extent    The  gulch  cuts  into  the  mountain-range  for  some  dis- 
tance in  a  general  southeasterly  direction.    The  rocks  near  the  mouth  of 
the  gulch  are  chloiite  schists,  which  dip  in  a  northerly  direction,  or 
perhaps  a  little  west  of  north,  at  an  angle  of  40^  to  45^.    These  chlo- 
ritic  rocks  extend  for  about  two  miles  and  a  half,  and  are  followed  by 
gneisses,  which  dip  underneath  them.    These  gneisses  are  probably  a 
continuation  of  those  exposed  in  the  second  cafion  of  the  Yellowstone. 
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They  extend  for  a  short  distaoee,  when  we  find  igneous  rocks  resting 
upon  their  aptnrDed  edges.  These  igneous  rocks  rise  to  a  great  height 
on  either  side  of  the  gnlch,  and  in  fact  form  the  crest  of  the  entire 
range,  as  I  noticed  when  on  the  summit  of  Emigrant  Peak  last  year. 
The  stream  descends  very  rapidly  as  it  flows  down  the  gnlcb,  and  there 
are  numerous  cascades  and  waterfalls  in  its  course.  At  the  mouth  of 
the  gnlch  there  was  formerly  quite  a  large  settlement,  but  at  present 
nothing  remains  save  the  stone  chimneys  of  Yellowstone  City.  As  we 
ascend  the  creek  the  gulch  narrows  very  i*apidly.  There  are  two  mining- 
camps,  one  at  the  h^id  of  the  stream,  the  other  at  the  mouth  of  the 
;  gal<^.  The  mines  are  all  placer-diggings,  and  at  present  there  are  only 
twenty  or  thirty  men  working  here.  The  highest  yield  is  $15  per  day, 
'  the  average  being  about  $5  per  day  to  each  man.  There  are  four  claims 
^  vorked  at  the  lower  camp  and  three  at  the  upper,  and  since  the  dis- 
covery, in  1864,  it  is  estimated  that  the  gulch  has  yielded  over  $100,000. 
The  chloritic  rocks,  which  are  exposed  in  Emigrant  Gulch,  extend 
along  the  range  as  far  north  as  the  Lower  Canon  of  the  Yellowstone. 
Near  the  latter,  in  one  of  the  smaller  gulches,  I  obtained  specimens  of 
Itaeolumiie  in  lamina  about  an  inch  in  thickness  and  having  a  greenish 
eolor.  None  of  the  specimens  were  flexible.  Our  next  camp,  after 
leaving  Bottler's,  was  just  above  the  Lower  Caiion  of  the  Yellowstone. 
Here  the  limestones  extend  across  the  river,  which  cuts  through  them 
almost  at  right  angles  to  the  strike.  The  dip  of  the  beds  is  east  of  north. 
They  are  probably  the  continuation  of  one  branch  of  the  anticlinal, 
,  which  we  have  referred  to  before  in  Spring  Canon.  On  the  north  side 
ci  the  canon  we  find  Jurassic  layers  resting  immediately  on  thick  beds 
of  qnartzite,  which  lie  between  them  and  the  Carboniferous  limestones. 
Hie  inclination  of  the  beds  is  about  25^.  The  Jurassic  beds  consist  of 
alternate  layers  of  calcareous  clay  shales,  which  weather  blue,  and  hard, 
yellow  limestone.  They  contain  great  quantities  of  tbssil,  among  which 
are  TrigoniOj  AmnamiUi^  Ostrea,  and  Pinna.  These  are  succeeded  by 
Cfetaceous  sandstones,  which  are  in  turn  followed  by  Tertiary  strata, 
which  are  from  1,500  to  2,000  feet  in  thickness.  After  passing  through 
the  Lower  Caiion,  we  turned  to  the  left  and  proceeded  up  Divide  Creek, 
a  small  stream  flowing  into  the  Yellowstone  from  the  western  side.  Its 
valley,  for  the  most  iKirt,is  a  monoclinal  valley,  between  Cretaceous  and 
Tertiary  strata.  The  Tertiary  beds  are  composed  of  sandstones,  which 
are  generally  quite  soft  and  of  a  gray  color.  The  lower  layers  are  often 
quite  hard,  and  of  a  somber  brown  color,  seeming  to  have  been  some- 
what changed.  At  several  points  1  noticed  the  occurrence  of  dikes,  to 
which  this  change  may  be  attributed.  The  general  dip  is  in  a  northerly 
or  northeasterly  direction,  and  the  angle  about  35^  to  40^. 
\  Beaching  the  head  of  the  Btream,  we  crossed  the  divide,  and  found 

I  ourselves  at  the  head  of  the  creek  which  flows  through  Spring  Caiion. 
Here  we  turned  toward  the  right  and  crossed  to  Bridger  Creek,  which 
we  followed  up  around  the  eastern  side  of  the  Bridger  Range  to  Flat- 
Head  Pass,  through  which  we  went  to  the  Gallatin  Valley.  The  rocks 
on  the  eastern  side  of  the  range  at  Flat-Head  Pass  are  Cretaceous 
aandstones,  dipping  a  little  north  of  east,  angle,  30^  to  50^,  succeeded  by 
Jurassic  layers,  which  are  for  the  most  part  covered  with  grass,  conceal- 
ing them.  The  center  of  the  range  is  made  up  of  Carboniferous  lime- 
stones, which  are  almost  vertical.  As  we  pass  toward  the  westward, 
however,  they  begin  to  dip  in  a  westerly  direction.  They  are  followed  by 
Silurian  beds,  which  also  dip  in  the  same  direction.  The  Silurian  layers 
are  composed  of  slaty  limestones,  pebbly  conglomerate  limestones, 
and  compact  brittle  limestones,  containing  fragments  of  trilobites. 
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They  are  followed  by  very  bard,  compact,  micaceous  sandstones.  Durinj 
the  upheaval  of  this  range,  the  line  of  force  seems  at  first  to  have  beei 
vertical,  and  tipped  up  the  layers  as  we  see  them  on  the  eastern  side 
Then  the  force  seems  to  have  acted  in  a  line  oblique  to  its  former  direc 
tion,  and,  breaking  through  the  Silurian  and  partialy  through  the  Car 
boniferous  layers,  carried  their  lower  edges  to  the  westward ;  so  that 
while  the  Ci'etaceous,  Jurassic,  and  a  portion  of  the  Garboniferou; 
layers  dip  in  an  easterly  direction,  the  remainder  of  the  Garboniferoot 
and  all  of  the  Silurian  beds  dip  toward  the  west.  This  remarkabh 
occurrence  is  fully  treated  of  in  Dr.  Hayden's  report,  in  which  there  i 
also  a  section  showing  the  various  beds. 

From  Flat- Head  Pass  we  crossed  the  country  in  a  northwesterly  di 
rection  to  the  Missouri  River,  striking  it  at  Horse-Shoe  Bend,  below  thi 
Three  Forks.  Between  these  two  points  there  are  a  number  of  loca 
synclinals  and  auticliuals.  From  IlorseShoe  Bend,  we  proceeded  ui 
the  Missouri  Kiver  to  the  junction  of  the  Gallatin.  About  four  niilet 
above  Gallatin  Gity  there  is  a  magnificent  exposure  of  strata  on  tb< 
east  side  of  the  river.  The  following  section  is  iu  ascending  order  fron 
the  lowest  exposure  to  the  Jurassic  beds. 

Feet 

1.  Micaceous  sandstones,  interlaminated  with  blue,  shaly  lime- 

stones, weathering  brownish,  in  bands,  varying  from  a  few 
inches  to  a  foot  or  more  iu  thickness.  The  upper  layers  of 
the  sandstone  are  of  a  steel-gray  color,  breaking  into  cubical 
blocks,  that  give  it  the  appearance,  from  a  distance,  of  basalt. 
The  general  color  of  the  sandstones  is  an  olive-green.  They 
contain  fine  grains  of  mica  and  small'  pebbles  of  quartz, 
mixed  with  a  few  opaque  crystals  of  white  feldspar.  The 
rock  is  very  hard,  and  has  been  little  affected  by  the  weather. 
It  extends  in  high  bluffs  for  considerable  distance  along  the 
river.  Some  of  the  limestones  contain  flat,  rounded  concre- 
tions of  about  6  inches  in  diameter  and  3  inches  in  thickness. 
The  sandstones  vary  in  thickness  from  2  to  4  teet.  The  gene- 
ral dip  is  northwest,  inclination  being  25^  to30<^.  The  thick- 
ness of  these  beds  is  about 1, 600 

2.  Pink  sandstones,  above  which  are  heavy  beds  of  quartzite. 

The  general  dip  is  about  30^  northwest.  Thickness,  esti- 
mated at 100 

3.  Green  and  blackish  shales,  breaking  into  lamina  of  a  few  inches 

thickness.  Low  down  v?e  find  layers  that  are  of  a  deep  pur- 
plish, red  color.  Short  distance  above  these  latter,  we  find  a 
very  hard  calcareous  sandstone,  containing  grains  of  a  mine- 
ral resembling  glauconite.  In  them  we  find  also  the  remains 
of  trilobites.  A  short  distance  above  this  layer  we  find  sand- 
stones of  about  3  inches  thickness,  interlaminated  with  green 
argillaceous  shales,  containing  trilobites,  Lingulepis,  Cono- 
cerypke,  i&c.    The  estimated  thickness  of  these  beds  is 300 

4.  Layers  of  very  hard  limestone,  breaking  into  lamina  of  an 

inch  or  more  in  thickness  and  containing  immense  quantities 

of  trilobites.    Thickness 40 

5.  Black,  shaly  limestones,  containing  a  small  Lingula^  Acrovleta^ 

and  Obolellaj  followed  by  rather  thin  layers  of  very  compact, 

blue  limestone.    Thickness 50 

6.  Pebbly  beds  of  limestone,  containing  trilobites,  and  Lingulepis. 

Thickness 60 
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Feet. 
7.  Beddish  and  greenish  o^alcareoaa  shales,  with  interlaminated 

limestoDes,  containing  trilobitea.    Thickness 50 

&  Limeatoues,  weathering  to  a  brownish  color,  sLaly  iu  many 

places 200 

9.  Alternate  beds  of  pebbly  Mid  compact  limestones 200 


a' 


N'l 


V? 


r 


10.  Thick  beds  of  limestone  in  which  were  found  Spirifer,  Pro- 
dueltu,  Chonetes,  Zaphrentis.  The  lowerl.iyers  weather  yellow. 
The  layer  in  which  the  foBsiU  occur  is  of  a  blue  color,  and 

very  compact.    TbicluiesB,  estimated  at 1, 000 

11.  White  quartzite. 

12.  Jurassic  beds. 
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Por  a  complete  list  of  the  fossils  foand  at  this  locality  I  refer  to  Pro- 
fessor Meek's  report. 

Layeis  10  and  II  probably  represent  the  entire  extent  of  the  Carbon- 
iferous beds.  No.  1  sboakl  probably  be  referred  to  the  Haronian  series^ 
while  No.  2, 1  believe,  represents  the  Potsdam  group,  or  at  least  a  por- 
tion of  it.  From  No.  3  to  No.  9  includes  the  remainder  of  the  Silurian 
beds.  The  section  given  above  was  made  with  all  the  care  possible  in 
the  limited  time  aftbrded.  More  extended  observation,  will  no  doubt 
result  in  the  discovery  of  new  organic  forms  and  the  more  accurate  de- 
termination of  the  age  of  the  various  beds.  We  followed  up  the  East 
Gallatin  Biver,  reaching  Bozeman  on  the  15th  of  October,  when  the 
expedition  disbanded  for  the  season. 

Fig.  43  shows  the  relations  of  the  various  springs  on  Bear  Biver, 
which  were  described  in  the  report  of  1871.  These  springs  were  de- 
scribed by  Fremont  in  1843,  and  called  the  Beer  Springs,  from  the 
agreeable  taste  of  the  water. 
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No.  2.— CATALOGUE  OF  MINERALS. 

Agate.  (See  Quartz.) 

Ametbyst.  (See  Quartz,) 

Azarite,  (blue  carbonate  of  copper.)  In  Ogdeii  Canon,  Utah  Territory  ; 
near  the  head  of  Clarke's  Fork  of  the  Yellowstone  River,  Montana 
Territory ;  Little  Cottonwood  Canon, Utah  Territory;  near  Virginia 
City,  Montana  Territory. 

Ampbibole.  Tremolite  in  Bear  Creek  Canon,  in  Madison  Range,  Montana 
Territory.  Anbestus,  near  Henry's  Lake,  Idaho  Territory.  Horn- 
blende  in  syenites,  near  Ogden,  Utah  Territory  ;  on  the  east  side  of 

•  the  Madison  River,  in  Middle  Caiion,  Montana  Territory ;  in  rocks 
of  the  Teton  Range,  Idaho  Territory  ;  on  the  east  side  of  Henry's 
Lake,  Idaho  Territory  ;  in  slates,  near  Virginia  City,  Montana  Ter- 
ritory ;  in  gneissic  rocks,  in  second  canon  of  Tellowstone,  above 
Botelei-'s ;  in  basaltic  rocks,  neat  Boteler's,  in  Yellowstone  Valley  ; 
in  acienlar  crystals,  in  rocks  on  the  summit  of  Mount  Washburne, 
Yellowstone  National  Park. 

Asbestus.  (See  Amphibole.) 

Aarichalcite.  Little  Cottonwood  Caiion,  Utah  Territory. 

Biotite,  (black  mica.)  Granites  of  Little  Cottonwood  Caiion.;  in  basalts 
of  Emigrant  Gulch,  Montana  Territory. 

Galatoine,  (silicate  of  zinc.)  Head  of  Little  Cottonwood  Caiion,  Utah 
Territorj\ 

Caleite,  (carbonate  of  lime.)  Rhomb  spar  in  blue  limestones,  near  Ogden, 
Utab  Territory  ;  in  sandstones,  near  Fort  Ellis,  Montana  Territory ; 
at  Cinnabar  Mountain  and  other  points  of  the  Yellowstone  Valley, 
associated  with  agate  and  quartz  ingeodes;  in  geodes  of  agate 
from  the  East  Fork  of  Yellowstone  River;  east  side  of  Madison 
River,  in  the  Middle  Canon,  Montana  Territory ;  bluff,  opposite  the 
Dot  Springs,  on  Gardiner's  River ;  canon  of  Jackass  Creek,  in 
Madison  Range,  Montana  Territory.  CrystalSj  yellow,  Irom  Colorado 
Spiings,  Colorado  Territory ;  Spring  Canon,  near  Fort  Ellis,  Mon- 
tana Territory ;  Bridger's  Peak,  near  Fort  Ellis,  Montana  Territory  ; 
east  side  of  Madison  River,  in  Middle  Caiion,  Montana  Territory ; 
Sawtelle'fi  Peak.  Idaho  Territory.  Stalactites^  from  cufion  on  east 
side  of  Middle  Canon  of  Madison  River,  Montana  Territory ;  from 
cave  at  Gardiner's  River,  Hot  Springs,  Yellowstone  Natioual  Park. 

Cerrossite,  (carbonate  of  lead.)  From  head  of  Little  Cottonwood  Canon, 
Utah  Territory. 

Cervautite,  (oxide  of  antimony.)  From  head  of  Little  Cottonwood  Canon, 
Utah  Territory. 

Chalcedony.  (See  Quartz.) 

Chalcopyrite  (copper  pyrites.)  Near  Virginia  City,  Montana  Territory; 
Ciarkes's  Fork  of  Yellowstone  River,  Montana  Territory. 

Chlorite^.  (See  Ripidolite.)  . 

Cbrysoprase.  (See  Quartz.) 

Coal,  (Tertiary.)  Near  Spring  Caiion,  Fort  Ellis,  Montana  Territory;  six 
uiiles  above  Spring  Canon,  in  hills  head  of  Trail  Creek,  Montana 
Territory  ;  (Cretaceous,)  near  Cinnabar  Mountain,  Montana  Terri- 
tory;  poor  quality  opposite  Gardiner's  River  Springs;  on  Hunter's 
River,  near  Mount  Hancock,  Yellowstone  National  Park, 

^PPer,  (native.)  Near  Virginia  City,  Montana  Territory. 

Cirprite,  (red  oxide  of  copper.)  Near  Virginia  City,  Montana  Territory. 

Kpidote,  In  crystals  from  the  Teton  Range,  Idaho  Territory. 
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Feldspar,  {Orihoclase.)  In  syenites  at  Ogden,  Utah  Territory ;  in  granites 
at  Colorado  Springs,  Colorado  Territory,  in  red  masses ;  in  granites 
throughout  Iciaho  and  Montana  Territories.  Sanidine^  in  trachytes, 
throughout  the  Yellowstone  National  Park  and  Montana  and  Idaho 
Territories.    Amazon  stancj  near  Colorado  City,  Colorado  Territory. 

Flint.  (See  Quartz.) 

Garnets.  In  gneissic  rocks  near  Golden  City,  Colorado  Territory ;  in 
gneiss  near  Ogden,  Utah  Territory ;  in  second  canon  of  the  Yel- 
lowstone, above  Boteler's,  Montana  Territory* ;  in  Emigrant  Gnlch, 
Montana  Territory  ;  in  micaceous  gneiss,  on  Black-Tail  Deer  Creek, 
near  Gardiner's  River ;  Hot  Springs,  near  lower  canon  of  Madison 
Eiver,  in  gneiss;  in  gneiss  on  Cherry  Creek,  Montana  Territory ; 
near  Henry's  Lake,  Idaho  Territory ;  in  rocks  of  the  Teton  Range, 
Idaho  Territory. 

Galenite,  (sulphide  of  lead,)  (argeptiferous.)  Little  Cottonwood  Canon, 
Utah  Territory ;  Central  City,  Colorado  Territory :  Emigrant 
Gulch,  Montana  Territory ;  Clarke's  Pork  of  the  Yellowstone 
River ;  Yellowstone  National  Park  ;  Hot  Springs  district.  Silver 
Shower  district,  and  other  raining  districts  in  Montana  Territory. 

Geyserite.  (See  Opal) 

Glauconite.  East  side  of  Madison  River,  in  Middle  Canon,  Montana 
Territory ;  near  Gallatin  City,  Montana  Territory ;  T^ton  Mount- 
ains, Idaho  Territory, 

Gold.  Central  City,  Colorado  Territory ;  Emigrant  Gnlch,  Yellow- 
stone Valley,  Montana  Territory ;  near  Virginia  City,  Montana 
Territory ;  Hot  Springs  district,  Madison  County,  Montana  Terri- 
tory ;  Upper  waters  of  Snake  River,  Idaho  Territory ;  near  Taylor's 
•    Bridge,  Idaho  Territory. 

Graphite.  Twelve  miles  north  of  Ogden,  Utah  Territory. 

Gypsum,  (sulphate  of  lime.)  Colorado  Springs,  Colorado  Territory. 
SelenitCj  Colorado  Springs,  Colorado  Territory ;  opposite  Hot 
Springs,  at  Gardiner's  River,  Yellowstone  National  Park ;  in  old 
hot-spring  deposits,  opposite  Tower  Creek,  on  Yellowstone  River ; 
Yellowstone  National  Park;  in  Grand  Canon  of  Snake  River, 
Idaho  Territory.     Satin-spar ,  Colorado  Springs,  Colorado  Territory. 

Halite,  (common  salt.)  In  springs  on  Turbid  Lake,  near  Yellowstone 
Lake,  Yellowstone  National  Park ;  Great  Salt  Lake,  Utah,  in  fine 
I  crystals  coating  wood  ;  in  springs  in  Idaho  Territory ;  springs  above 
Ogden,  Utah  Territory. 

Hematite,  (oxide  of  iron,)  (micaceous.)  Near  Ogden,  Utah  Territory;  near 
Brigham  City,  Utah  Territory ;  near  Madison  Canon,  Montana  Ter- 
ritory.   Ironstone^  Emigrant  Gulch,  Montana  Territory. 

Hornblende.  (See  Amphibole,) 

Jasper.  (See  Quartz,) 

Limonite,  (sesquioxide  of  iron.)  Little  Cottonwood  Canon,  Utah  Terri- 
tofy ;  near  Fort  Ellis,  Montana  Territory. 

Lithomarge.  Little  Cottonwood  Canon,  Utah  Territory. 

Magnetite,  (magnetic-iron  ore.)  In  gneissic  rock,  near  Golden  City,  Colo- 
rado Territory  ;  in  gneisses  near  Ogden,  Utah  Territory. 

Malachite,  (green  carbonate  of  copper.)  Upper  end  of  Ogden  Canon, 
near  Ogden  City,  Utah  Territory ;  near  Virginia  City,  Montana 
Territory  ;  Clarke's  Fork  of  Yellowstone  River,  Montana  Territory. 

Massicot  (lead-ocher.)  Little  Cottonwood  Canon,  Utah  Territory 

Muscovite,  (common  mica.)  Near  second  canon  of  Yellowstone;  near 
Black-Tail  Deer  Creek,  Montana  Territory ;  T6ton  Mountains,  Idaho 
Territory ;  (var.,  Fuchsite,)  from  east  side  of  Madison  Canon)  Mon- 
tana Territory. 
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Ifi^helite.  Id  trachytes  in  Grand  Caiion  of  Snake  Kiver,  Idaho  Territory. 

Obsidian,  (volcanic  glaps.)  On  Trail  Creek,  near  Yellowstone  Valley ; 
in  chips  throughout  the  Yellowstone  Valley,  from  the  lower  caiion 
to  Yellowstone  Lake.  SpherulitiCy  from  Grand  Caiion  of  Yellowstone 
Siver.  PorphyritiCj  from  Grand  Caiion  of  the  Yellowstone ;  divide 
between  Yellowstone  and  Madison  Rivers ;  Yellowstone  National 
Puk;  east  side  of  Snake  Eiver,  Idaho  Territory ;  in  basin  of  Henry's 
Lake,  Idaho  Territory ;  head  of  Falls  River,  Idaho  Territory ;  Lewis's 
Lake,  Wyonung  Territory ;  valley  of  Madison  River,  Montana  Terri- 
tory ;  West  Gallatin  Caiion,  Montana  Territory ;  near  Missouri  River, 
below  Horseshoe  Bend,  Montana  Territory. 

(Hivine.  In  basalts  in  Yellowstone  Valley,  opposite  Boteler's  Ranch, 
Montana  Territory;  in  basalts  on  Snake  River  and  Henry's  Fork, 
Idaho  Territory^ 

OpaL  East  Fork  of  Yellowstone  River,  Grand  Caiion  of  Yellowstone ; 
snmmit  of  Mount  Blackmore,  Montana  Territory ;  Colorado  Springs, 
Colorado  Territory.  Hydrophane^  Grand  Canon  of  Yellowstone. 
Woodropalj  East  Fork  of  Yellowstone  River,  near  Gallatin  City, 
Montana  Territory ;  Jefferson  County,  Montana  Territory.  Dendritie^ 
Hot  Springs  district,  Montana  Territory.  Hyalite^  Grand  Canon  of 
Yellowstone  River.  Excellent  specimens ;  .clear,  iu  colorless  globu- 
lar concretions,  from  summit  of  Mount  Blackmore,  Montana  Terri- 
tory ;  near  Jackson's  Lake,  Wyoming  Territory.  Oeyserite^  (siliceous 
sinter,)  geyser-basins  of  Fire-Hole  River,  presenting  white,  gray, 
greenish,  pink,  and  red  varieties,  massive,  porous,  filamentous,  com- 
pact, cauliflower-like,  beaded,  or  pearly.  The  -specimens  vary  from 
translucent  to  opaque, 'some  being  very  friable  while  others  are  firm. 
even  on  drying;  Hot  Springs,  on  southwest  arm  of  Yellowstone 
Lake ;  geyser-basin  of  Shoshone  Lake,  Yellowstone  National  Park. 

Plasma.  (S^  Quartz.)     ^ 

Prase.  (See  Quartz,) 

Pommice.  Emigrant  Gulch,  Montana  Territory. 

Pyrite,  (iron  pyrites.)  With  galena.  Central  City,  Colorado  Territory; 
with  seri)entine  and  hematite,  near  Ogden,  Utah  Territory;  in 
qoartzite,  in  Emigrant  Gulch,  Montana  Territory ;  Clarke's  Fork  of 
Yellowstone  River,  Montana  Territory.  Pentagonal  dodecdhedral 
crystals^  from  T^ton  Mountains,  Idaho  Territory ;  Little  Cotton- 
wood Caiion,  Utah  Territory. 

Quartz.  In  granites  throughout  Rocky  Mountains.  Rock-crystal^  Og- 
den, Utah  Territory ;  in  geodes,  with  chalcedony  and  calcite,  from 
East  Fork  of  Yellowstone  River ;  from  Sawtelle's  Peak,  near  Henry's 
Lake,  Idaho  Territory  ;  in  granites  of  T^ton  Mountains,  Idaho  Ter- 
ritory; divide  between  Ross  Fork  and  Fort  Hall,  Idaho  Territoiy. 
AmjBthystine  {am&fthysty)  from  the  Colorado  divide  south  of  Denver, 
Colorado  Territory ;  fine  crystals  in  large  geodes  of  chalcedony 
from  East  Fork  of  Yellowstone  River,  about  ten  miles  abeve  the 
jnnction  of  the  Yellowstone.  The  specimens  are  found  on  the  sum- 
mit of  a  bold  hill  on  the  south  side  of  the  river.  Blue,  near  sec- 
ond canon  of  the  Yellowstone.  Smoky  (cairngorm  sione^)  Colorado 
divide,  Colorado  Territory.  MUlcy^  near  second  caiion  of  Yellow- 
stone; Ea^t  Fork  of  Yellowstone  River.  Chalcedony^  Spring  Caiion, 
near  Fort  Ellis,  Montana  Territory  ;  in  chips  throughout  the  Yel- 
lowatone  Valley  ;  in  geodes  with  calcite  and  quartz,  above  second 
cafioB  in  Yellowstone  Valley ;  associated  with  jasper  from  Elk  Creek, 
near  Yellowstone  River,  Montana  Territory ;  forming  the  outside  of 
geodes  irom  East  Fork  of  Yellowstone  River ;  also  associated  with 
calcite  at  same  locality,  from  Grand  Canon  of  Yellowstone  River ; 
in  rounded  pebbles  on  shores  of  Yellowstone  Lake ;  from  summit '~ 
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Mount  Blackmore,  Montana  Territory ;  beaatifal  bhie  specimeiiB 
with  jasper,  in  Hot  Spring  district,  Montana  Territory ;  from  Jack- 
son's Lake,  Wyoming  Territory.  Carnelian^  from  Grand  Oanon 
of  Yellowstone.  Chrysoprase^  East  Fork  of  Yellowstone  River. 
Prase^  East  Fork  of  Yellowstone  Lake,  Montana  Territory  ;  Wil- 
low Canon,  Utah  Territory ;  near  lower  canon  of  Madison  River, 
Montana  Territory.  Agate^  banded,  near  Fort  Ellis,  Montana  Ter- 
ritory ;  in  Yellowstone  Valley,  above  second  canon  ;  East  Fork  of 
Yellowstone  River,  near  Elk  Creek,  Yellowstone  Valley,  Colorado 
Springs,  Colorado  Territory.  Mochastone  {mass-agate^)  nearBoteler's 
ranch,  Yellowstone  Valley,  Montana  Territory.  Flinty  (blaish 
variety,)  in  valley  of  Yellowstone ;  West  Gallatin  River;  (brown  va- 
riety,) Pole  Creek  near  Madison  River,  Montana  Territory ;  (black 
variety,)  East  Fork  of  Yellowstone  River.  Jasper^  (red  variety,)  in 
conglomerates,  near  Ogden,  Utah  Territory ;  near  Fort  Ellis,  Mon- 
tana Territory  ;  Yellowstone  Valley,  Montana  Territory ;  back  of 
Boteler's  ranch,  Montana  Territory;  East  Fork  of  Yellowstone 
River ;  near  Elk  Creek,  Montana  Territory ;  east  side  of  Middle 
Caiion  of  Madison  River ;  (yellow  variety,)  Bridger  Peak,  near  Fort 
Ellis,  Montana  Territory  ;  East  Fork  of  Yellowstone  River ;  (gray 
variety,)  East  Fork  of  Yellowstone;  (green  variety,)  East  Fork  of 
Yellowstone  River;  near  Horseshoe  Bend  of  Missouri  River, below 
Gallatin  City,  Montana  Territory  ;  on  Henry's  Fork  of  Snake  River; 
(black  variety,)  East  Foik  of  Yellowstone  River.  Silicified  wood^ 
abundant  throughout  the  valleys  of  Yellowstone,  Madison,  and  Gal- 
latin Rivers,  and  on  the  Yellowstone  National  Park.  Itojoolumite^ 
(common  inflexible  variety,)  near  Mount  Cowan,  Yellowstone  Valley. 

Ripidolite.  In  metamorphic  rocks,  near  Ogden,  Utah  Territory ;  east 
side  of  Middle  Canon  of  Madison  River,  Montana  Territory  ;  near 
Henry's  Lake,  Idaho  Territory ;  T6ton  Mountains,  Idaho  Territory. 

Sanidine.  (See  Feldspar.) 

Satin-sr)ar.  (See  Chypsum.) 

Selenite.  (See  Oypsum,) 

Serpentine.  Near  Ogden,  Utah  Territory ;  in  Snowy  Range  of  Yellow- 
stone; divide  between  Madison  and  Gallatin  Rivers;  Alder  Gnlch, 
near  Virginia  City,  Montana  Territbry ;  Canon  Creek,  a  branch  of 
T^ton  River,  Idaho  Territory. 

Silicified  wood.  (See  Quartz.) 

Silver,  (Native.)  Cherry  Creek  mines,  Madison  County,  Montana  Terri- 
tory ;  in  galena^  from  Little  Cottonwood  Canon ;  Clarke's  Fork  mines. 

Sphalerite,  (zinc  blend.)  Little  Cottonwood  Caiion,  Utah  Territory. 

Strontiauite,  (carbonate  of  strontia.)  Sawtelle's  Peak,  near  Henry's 
Lake,  Idaho  Territory. 

Sulphur.  In  crystals^  at  Gardiner  River  Hot  Springs ;  on  blufifs  op- 
posite Tower  Falls ;  in  Mud  Springs,  near  Mount  Washburne,  in 
small  crystals ;  Crater  Hills,  Yellowstone  Valley ;  geyser-basin  of 
Fire- Hole  River  :  Shoshone  Lake  geyser-basin ;  on  divide  between 
Yellowstone  anu  Fire-Hole  Rivers. 

Talc.  Near  Ogden,  Utah  Territory ;  in  Snowy  Range  of  Yellowstone, 
Montana  Territory ;  near  Henry's  Lake,  Idaho  Territory ;  T^ton 
Mountains,  Idaho  Territory. 

Tremolite.  (See  Amphibole.) 

Tufa,  (Calcareous.)  At  Hot  Springs,  Gardiner's  River;  Warm  Springs, 
near  Fort  Hall,  Idaho  Territory;  Grand  Canon  of  Snake  River, 
Idaho  Territory. 

Wulfenite.  Little  Cottonwood  Canon,  Utah  Territory. 
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No.  3.— CATALOGUE  OF  BOCKS. 

Caiaio§me  of  rocks  collected  by  Ike  Yellowalone  divhion  of  ike  expedition,  A,  C  Peale. 


1-7 

14-14 
Jj-17 
lS-19 

27 
J8 
d9 
30 
31-38 

3S-42 

44 
45 
40 
17 
^ 
49 

U 
53 
54 
05-^ 
57 

m 
ci 

GS 
63 

CZ^ 

71 

73 

73-74 

»-7Jf 

79 

aM3 

)«4 

»<» 

9M1 

92 

03 

9M» 

96 

97 

9B 

99 

100 

101 

102 

103 

104 

105 

lOMn 

106 
109 
110 
111 

m 

113-14 

115-16 
117 
lU 
119 
Itt 
131 
1» 
193 

1H.S5 
198 

137^ 

lawr: 

140 

141 


Locality. 


Bed  poTphyritic  granite 

White  gypanm 

Pink  gjpenm 

Light-red  sandetoue 

Darfc-rfd  eaodstono 

Serpentine,  with  qaartz  luid  chlorite 

Ch]orite«chiat 

White  qnaitzite 

Quartzite,  ferrugiueous   

Siliceona  conglomerate 

Protoginic  gneias 

Syenite 

Quarts,  with  hematite 

Qoarta 

Jaaper-'bon  glomerate 

Pink  qnartzite 

Wliite  quartzite 

Bl  ne  limestone 

Hica-achiHt 

Syenitic  gneiss 

Aplite 

Quartaite 

Mica-achist 

Syenitic  gneiss 

I^tojpne 

Proto]^e,  with  pyrites 

Syenitio  gneiss . '. 

Porphjxy 

....du 

Soartzite,  with  pyrites 
ematite 

Granite,  (white) 

Mic»«chist 

Qaartzit« 

Crystalliiie  limestone 

Magneaiam-limeatone 

Bendrit  io  sandstone i". 

Pnrple  quartzitic  sandstone 

Wtiite  (luartzitic  sandstone 

Argillaceous  sandstone,  (metamorphosed) 

Sandstone-conglomerate 

Blown  limestone 

Caloareous  sandstone  shale 

Gray  calcareona  sandstone 

C-oafse  recldish  sandstone 

Gray  fossiliferous  aandstcme,  (oalcaroous) 

Coarse  brown  limestone 

Compact  limestone 

White  qnartzite 

Calcareous  sandstone 

White  quartzite 

Grayish  quartzite , 

Flinty  conglomerate 

White  anartaite 

Yellow  limestone 

White  qoartsite 

Yellowish  calcareous  sandstone 

Beddish  sandstone 

Purple  sandstone 

Pink  sandstone,  calcareous 

Conglomerate 

Purple  spotted  sandstone * 

firick-rod  sandatone,  (compact) 

Purple  sandstone,  (compact) 

Gray  qnanzite 

Pnrple  sandstone 

Arenaceous  limestone 

Carhoniferous  limestone 

Gray  sandstone,  (Eocene) 

Soft,  gray  sandstone,  (calcareous) 

Gray  sandstone 

Brown  sandstone,  (Eocene) 

(^•Icite 

Sandstone  conglomerate,  (Pliocene) 

y olcanic  breccia 

^mestone,  (Carboniferous) 

WMte  ealcareous  sandstone 

Red  limestone .' 


Ute  Pass,  Colorado. 

Near  Colorado  City,  Colorado. 

Do. 

Do. 

Do. 
Ogden.  Utah. 

Do. 

Do. 

Da 

Ido. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
.    Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Ntisr  North  Ogden,  Utah. 
Bingham  Oaflon,  Utah. 

Da 

Da 

Da 
Little  Cottonwood  CaSion,  Utah. 

Do. 

Do. 

Da 

Da 
Near  Helena,  Montana. 
SpHng  Cafion,  near  Ft.  Bllis,Moiii. 

Do. 

Da 

Do. 

Do. 

Do. 

Do. 

Da 

Da 

Do. 

Do. 

Do. 

Do. 

Da 

Do. 

Do, 

Da 

Do. 

Da 

Da 

Do. 

Da 

Do. 

Do. 

Da 

Da 

Do. 

Do. 

Do. 

Da 

Do. 
Above  Sprinff  Cafion. 
Near  Fort  Ellis,  Montana. 

Do. 

Da 

Do. 

Da 
Mystic  Lake,  near  Fort  Ellis,  Mont. 

Do. 
Near  Fort  Ellis,  Montana. 

Do. 


] 
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Caiulogue  ofrooka  eoUeoUd,  ^o. — Continued. 


14-3-^6 
147-4ei 

149 
IjO 
151 
133 

153^4 
155 

156-57 
158 
159 
16J 
161 

168-63 
164 
165 

166 
167 
166 
169 
170 

171 

1T2 
173-74 

175 
176-77 

178 
179 

100 

181 
182 
183 
184 
185 
186 
187 
188 
189 
190 

191-92 
193 
194 
195 
196 

197-98 
199 

aoo 
aoi 

902 

203 

904-13 

214 

215 

916-18 
219 

290 
231 
222 
223 
324 
225 
226 

237 

228 
229 
2:)0 
231 

232 
933 
2?4 
235 
236 


Gray  auidstone,  (Cretaceous) 

Hara,  grooniah  sandBtone^  (Cretaceous) 

Hard .  gray  sandstone 

Soft,  gray  sandstoDe 

Basalt 

Volcanic  breccia 

Trachyte 

Rhyolfte .* 

Basalt,  with  olivine 

Basalt-taff 

Diabase  

Blie  slate 

Trachyte -••- 

Soft  saadstoue,  (Cretaoeous) 

Clayslate,  (Cretaceous) 

Marl 

Sandstone,  (Tertiary) 

Quartzite,  (Cretaceous) 

Sandstone,  (Cretaceons) 

Purple  sanidine  trachyte 

Micaceous  gneiss *•  — 

Limestone,  (Carboniferous) 

Brown  sandstone  metamorphosed,  (Tertiary) 

Trachyte-breccia 

Trachyte 

Gneiss 

White  rhyolitio 

Volcanic  sandstone 

Gray  sandstone 

Micaceous  gneiss 

(^rtx 

Trachytic  sandstone 

Obsiduui  pon)hyry,  (black) 

Obsidian  porphyry,  (brown) 

Obsidian  porphyry,  (perlite-like) 

Porphyritic  obsidian 

Spberulitic  obsidian 

V  esicular  trachyte-porphyry 

White  trachyte-porphyry 

Rhyolite 

Jasper 

Perlite-like  trachyte-porphyry 

Green  and  brown  Jasper 

Cavemous  trachyte-porphsrry 

Com  mon  trachyte-porphyry 

White  trachyte 

Vesicular  trachyte 

Porphyritic  trachyte 

Obsidian  porphyry 

Vesicular  trachyte " 

Argillo-trachy  te  porphyry 

Hot-spring  deposit '. 

Trachyte-conglomerate 

Tracliy  tic  tuff  

Vesicular  trachyte 

Brown  obsidian  stundstone 

Black  obsidi  an  sandstone 

Purplish  volcanic  conglomerate 

Red  volcanic  conglomerate *. 

White  trachyte 

Trachyte  poiphyry 

Geyserite  sandstone ^ 

Trachyte  porphyry 

Rhyolite 

Cavernous  trachyte,  (porphyritio) 

Vesicular  trachyte-porphyry 

Si  liceous  limestone 

Qua^zite 

Grav  calcareous  sandstone,  (Jurassic) 

White  arenaceous  limestone 

Blue  limestone,  (Carboniferous) 

Jaspery  limestone-conglomerate 


Bridget  Peak,  near  Fort  Ellia. 

Do. 
Head  of  Middle  Creek,  Montana. 

Do. 
Valley  of  Yellowstone  Biver. 
Near*Botoler's,  Montana. 

Da 

Do. 

Da 

Da 
Cinnabar  Mountain,  McHitana. 

Do. 
Electric  Peak,  Yellowstone  VoUej. 

Do. 

Do. 
Valley  of  Yellowstone  River,  near 

Boteler's. 
Bluff  opposite  Gardiner's  River. 

Da 

Do. 

Da 
Mouth  of  Bkick-Tail  Deer  Creek, 

Montana, 
^ear  mouth  of  Black-Tail    Deer 

Creek,  Montana. 
Near  ElK  Creek,  Montana. 

Da 

Do. 

Da 
East  Fork  of  Yellowstone  River. 
Near   Tower  Creek,   YeUowirtM.e 

Valley,  Montana. 
Near  jaucti(»n  of  East  Fork  of  Yel- 
lowstone, Montana. 

Do. 

Do. 
Near  Grand  Cafion  of  Yellowstone. 

Do. 

Do. 

Do. 

Do. 

Do. 

Da 

Do. 

Do. 

Da 

Da 

Da 

Do. 

Do. 

Do. 
Grand  Cafion  of  Yellowstone  River. 

Da 

Do. 

Da 

Da 
Violet  Creek,  valley  of  the  Yellow- 

stone. 
Crater  Hills,  Yellowstone  Volley. 

Do. 
Near  Mud  Volcanoes,  Yellowstone 
Valley. 

Do. 

Da 

Da 

Do. 

Do. 

Do. 
Fire-Hole  Basins,  Yellowstone  Na- 
tional Park. 
Upper  Cafion  of  Madison  River. 

Do. 

Do. 

Do. 
East  side  ot  Madison  River,  near 
Middle  Cafion. 

Do. 

Da 

Do. 

Do. 

Da 
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Cataiague  of  rocks  oolleeted,  ^c^Continaed. 


:7ol 


MO 

M3 
M4 
345 


4 

948 


«0 
SI 


953-W 


MS 
tf7 


f7D 
371 
373 
333 
375 
376 
377 
378 
379 
«0 
361 
3e3 


9B4 


300 

301 
303 
903 
304 


3»t 

3oe 

300-10 

311 

313-13 

314-15 

316 
817 

3IS 
310 


£3  I 
354  ■ 


301-^ 


PflbMy 


(SUnriAQ) 


M1fticw<wi8  gneiiw 

Cfalorile-Msliist 

GfmygneiM 

Mitt-acfaist 

LinHMtone,  (Qnebeo) 

goaruite  
lanooniticqiiartzito 

Bed  calcareous  mndatoDe 

Chlorite-^chiBt 

Talcoae-flchist 

QaarlJMwhist 

White  qnjirts 


Mfc»4chi«t 

Gneiss 

Mieaoeous  gneiss 

Trachyte 

Slaty  trachyte 

Kurplish  trachyte 

Gneias  

Red  qnartzite 

Magnesiaii  limestone,  (Carboniferoos)  .. 

Blae  limestone,  (Carbonifenras) 

Caloaraoua  sandstone , 

Gametirerons  gneiss 

Ooartz 

Fine-grained  gneiss 

Gray  gneiss 

Slaty  gneiss 

Miciioeons  gneiss 

Sandstone 

Flint 

Basalt,  (black) 

Basaltt(red) 

Ga  bbro 

Diorite 

Brown  sandstone,  (Gretaceons) 

Gray  sandstone,  (Cretaceonii ) 

Bloe  limestoue,  (Carboniferous) 

Crrstalliue  limeetene,  (Carboniferons)  . . 

OolHio  limestone,  (Carboniferons) 

Brown  fossiliferousUmesUMie,  (Jurassic) 
Volosnic  conglomerate 


Metamorphosed  sandstone,  (Tertiary) 
Amygdaloid 


Chlorite^hist. 

Gneiss 

Dolerite 

Basalt 

Basalt-tnif 

Porphyritic  basalt 

Ooartzite;  with  pyrites 

Volcanic  tufa 

Ooartz. 

Itacolnmite,  (common) 

Gneiiis 

Chloritie  schist 

Brown  sandstone,  (Tertiary) 

Blue  slaty  limestoue,  (Carboniferons) . . . 

Slaty  limestone,  (Silurian)    

Pebbly  limestone,  (Silurian) 

Cnarse  fossiliferons  limestone,  (Silurian) 

tfieaoeous  sandstone 

Chlorite-rook    


Brown-clay  slate,  (SUnrlan) . . 

Sandstone 

Blue  arcillaceons  slate 

Trap^  (firom  dike  in  Jnrassio) . 


Trap,  (from  dike  in  CarbonlflBrons) 
PMly  limestone,  (Silurian)  .'. 


Glanconitio  Umestone,  (Silurian). 
Hani-brown  sandstone,  (Silurian) 


Locality. 


East  side  of  Madison  Hirer,  near 
Middle  Cahon. 

Da 

Da 

Do. 

Do. 
East  side  Middle  Ca&on  of  Madison. 

Da 

Da 

Da 

Da 
Kear  Bed  Rock  Lake,  Montana. 

Do. 
Wedge  Peak,  east  side  Madison 
River. 

Do. 

Do. 

Do. 
Yalley  of  Madison  River. 

Do. 

Do. 
Madison  Range. 

Do. 
Bear  Creek,  Madison  Ranga 

Do. 

Do. 
West  side  Lower  Cafion  of  Madison 
River. 

Do. 

Do. 

Do. 

Da 

Da 
Jackass  Creek,  Montana. 
Pole  Creek,  Montana. 
Mottnt  Blackmore,  Montana. 

Do. 
West  (Tsllatin  Gallon,  Montana. 

Do. 
•  Do. 

Da 

D6. 

Do. 

Do. 

Da 
Divide  between  West  Gallatin  and 
Yellowstone  River. 

Do. 
Valley  of  Yellowstone,  above  Bote- 

ier's. 
Emigrant  Gulch,  Montana. 

Da 

Do. 

Da 

Da 

Do. 

Da 
Near  Boteler's,  Yellowstone  Valloy. 
Mt  Cowan,  Yellowstone  Valley. 

Da 

Do. 

Do. 
Divide  Creek,  Montana. 
Flathead  Pass,  Montana. 

Do. 

Da 

Do. 

Da 
Kear  Horseskoe   Bend,  Missouri 
*  River,  Montana. 

Da 

Do. 

Do. 

Do. 
Missouri    River,  below    Gallatin 
City,  Montana. 

1)0. 

Near  Gallatin  River,  above  Gallatin 
City.  Montana. 
•    Da 
Da 
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Catalogue  of  rooks  ooUectodf  <fc. — CoiitiDned. 


320 

321 
322 
323 
324 
325 
326 
327 
328 
329 
330 
331 
332 


Bloe  slaty  limestone,  (Silurian) 


I 


Green  chloritio  slates,  (Silnrian) 

Purple  calcareons  sandstone 

Glauconitic  sandstone,  (calcarsons) 

Purplish  sandstone , 

Pink  qaartzite 

8  tecl-^a  V  qaartzite 

Bed  sanustone 

Micaceous  sandstone,  (fine-grained) 

Hicaceons  sandstone,  (pebmy) 

Bine  ar^illaceons  slate,  (calcareous) 

Brownish  argillaceous  slate,  (calcareous) . 
Trap-rock,  (tUke  in  Jurassic) 


Near  Oallatin  JEUver,  aboreGaUatia 
City,  Montana. 

1)0. 

Da       • 

Do. 

Do. 

Da 

Do. 

Da 

Do. 

Do. 

Do. 

Do. 

Da 


Books  coUeoted  by  the  Snake  River  division  of  the  expediiionf  Professor  F.  H.  Bradley  amd 

W.  B,  TaggaH. 


No. 


1 

2 

3-9 

10 

11 

12-14 

15-17 
18 

19-20 

21-22 
23 
24 

25-26 
27 
28 
29 
30 
31 
32 

33-35 
36 

37-38 
39 

40 

41-42 

43-44 
45-46 

47-48 
49 

50-51 

52-64 
65 
66 
67 

68-69 
70 

71-77 

78 
79 
80-81 
&2 
63 

84 
85 

86 
87 


Name. 


Hematite 

Oolitic  limestone,  (Tertiary) 

Fossiliferons  limestone,  (Quebec  group) . . 

Gray  limestone,  (Tertiary) 

Gray  t  rachy te 

Cellular  trachyte 

Basalt 

Rose-colored  traoby tic  tufa 

Basalt 

Trachy tic  tufa 

Trachyte-porphyry 

Serpentine 

Conglomerate-limestone,  (Quebec  group) . 

Limestone,  (Niagara  group) 

Glauconitic  sandstone , 

Trap-rock  , 

Slaty  trachyte 

Granular  trachyte 

Trachytic  tufa 

Basalt 

Micaceous  quartzite,  (Potsdam) 

Sanidine  trachyte 

Hot-spring  deposit,  (calcareous) 


Locality. 


Volcanic  sandstone 

Volcanic  sandstone,  compact,  metamorphosed. 


Volcanic  sandstone,  conglomerate. 
Brown  porphyritic  obsidian 


Volcanic  sandstone 
Sanidine  trachyte  . 


Trachyte 

Tiifac«ous  geyserite 

Tnfaoeous  sandstone 

Compact  geyserito 

Trachyte 

Trachy  te-pornhyrj , 

Compact  sanustone,  (Tertiary) 
Rhyolitic 


White  volcanic  sandstone 

Porphyritic  obsidian,  (black). 

Spheriilitic  obsidian 

Rhyolitic 

Gray  trachyte 

Brown  trachyte 

Trachyte 


Red  trachyte 

Cellular  trachyte 


Near  Brlgham  CityjUtah. 
Bear  River  Bridge,  17 tab. 
Malade  City,  Utah. 

•   Do. 
Near  Fort  Hall,  Idaha 
Sand  Hill  Mountain,  Idaho. 
Falls  Tliver,  Idaho. 

Do. 
Pierre's  River,  I9aha 

Da 

Do. 

Da 
T6ton  Cafiou,  Idaha 
T6ton  Creek,  Idaha 
T6tou  Mountains,  Idaha 

Do. 
Beohler's  River,  Idaho. 

Do. 
Crater  near  Henry's  Lake,  Idaha 
SawteUe's  Peak,  idaha 
Tyghee  Pass,  Idaha 
Upper  Madison  Cafion,  Montana. 
Gibbon's  Fork  of  Madison  River, 

Montana. 
Lower  geyser-basin,  YellowaUme 

National  Park. 
Shoshone  Lake,  Yellowstone  Na- 
tional Park. 

Da 
Near  Shoshone  Lake,  Yellowstoiie 
National  Park. 

Do. 
Two  miles  south  of  Shoshone  Lake, 

Yellowstone  National  Park. 
Lewis's  Lake,  Wyoming. 

Da 

Da 

Da 
Mt  Sheridan. 

Da 
Hunter's  River,  Wyoming. 
Kast  side  cafion  of  Union  RivM-, 
Wyoming. 

Do! 

Do. 

Da 
West  side  caSon  of  Union  River, 
Wyoming. 

Do. 
lUdge  west  of   Coulter's  Creek, 
Wyoming. 

Da 

Da 
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Boeka  collected  by  the  Snake  Biver  ditfieion  of  the  expediHofif  ^o. — Continued. 


NOl 


Name. 


01 
» 

95 

M 

100 

101 

Itt 
in 

N44S 
1« 

m 


IM 

in 
111 

119 
113 
114 

m 

116 

in 

116 

i]»4i 
m 
ifl 

197 
134 

Que 
m49 
i«^i 

Ifi-H 

Ift^ 
t«^l 

tS»3 
U4^ 
19T-C0 
161 
1»« 

16M5 


iTi-n 
m 

114 

lis 

175 

m 

180 
181 
169 
18) 

164 

11149 
US 
194 


Bed  aandsloiie^  (Ttiaaaiof) 


Pink  aandetonep  (Carboniferoas  f) 


Sindstone,  (Carboniferons  t) . 
Limeetone.  (Carboniferoiut). 

White  sandstoDO 

Trachyte 

Trachyte 

Cellular  trachyte 

Porphyiitic  trachyte 

Sandsume,  (metamorphoeed) . 


CaTeraonB  trachyte 

Gray  trachyte 

Amygdaloidal  trachyte. 

Volcanic  tafia 

Sandalone 


Uneatone^  (landnated). 


Green  aandatone,  (Pliocene). 
Gnyiite 


Ifieaceooa  gneiaa 

Granitoid  gneita 

QDartx 

Granite 

Chertt  (Carboniferona) 


Silioeoaa  Uxnestone,  (Pliocene)... 

CaleareooB  aandatone 

Qoartaitio  aandatone,  (Potadam  f) 

Slat7  trachyte 

White  aajiaatone,  (Tertiary) 

Limeetone,  (Triaaaiof)  

Bed  aandatone,  (Triaaaio  f ) 

limetitoDe,  (Carboniferona) 

Bhyolite 


SlatT  trachyte 

White  qoMtsitic  aandatone,  (Orboniferooa) 

Bed  aandatone,  (Triaaaio  f) 

Pink  trachy tic  toff 

Compact  liaaalt  

Ktnminoua  mmd'«tone 

Gypaiferona  bitnminoas  mad-atone,  (foaailiferoaa). 

CoBKlomerate  aandatone 

nne-grained  aandatone 

Chert,  (Carboniferona) 

Hot-aprinfl:  depoait 

Shtty  trachyte 


Tericolar  trachyte. 


Porphyiitic  titichyte 

Magneaian  limeetone 

(Sowtsitio  aandatone 

(Compact  llmeatone 

Brown  qoartaitio  aandatone 

Semi-metamorphooed  aandatone. 

Sandatooe 

Pink  aiUceona  limeetone 

(Mnoidal  limeetone 

Compact  bine  limeetone 

Pminnental  Umeatone 

Chert 

PoTf^  trachyte 


Veaicnlar  trachyte . . . 
limeetone,  (Pliocene) 
Limeetone,  (Jnraaaic) 


Glaocoairic  aandatone,  (Qnebeo) 
Ch«t,(Cubo.>ir«r<m.) 

^  Compact  Umeatone^  (Pliocene) . . 


Locality. 


Third  oa&on  of  Snake  Biver,  Wyo- 
ming. 
Oppoaite  mouth  of  Union  Biver, 
Wyoming. 

Do. 

Da 

Do. 

Do. 

Do. 

Da 
Head  of  Fall  Biver,  Wyoming. 
Weetside  ontlet  of  Jackson'a  Lake, 
Wyoming. 

Do. 

Da 

Da 

Do. 
Month  of  Bnifalo  Fork  of  Snake 

Biver,  Wyoming. 
Head  of   Bnlfiilo  Fork  of  Snake 

Biver,  Wyoming. 
Bidi^e  east  of  Heurv's  Lake,  Idaha 
Baat  side  T^ton  fountains,  Wyo- 
ming.    . 

Do. 

Da 

Da 

Da 
North  Gros  Ventre  Bntte,  Wyo- 
ming. 

Da 

Do. 

Do. 

Da 
Groe  Ventre  Biver,  Wyoming. 

Do. 

Do. 

Da 
South  Gros  Ventre  Butte,  Wyo 
suing. 

Da 
West  side  T6ton  Pass,  WyomiLg. 

Do. 

Da 

Da 
Snake  Biver  CaAon,  Wyoming 

Do. 

Do. 

Da 

Da 

Da 
Snake  Biver,  below  month  of  Salt 

Biver,  Wyoming. 
Snake  Kiver,  head  of  upper  ba- 
aalt-cafion,  Wyoming. 

Da 
Swan  Valley,  Idaho. 

Da 

Do. 

Da 

Do. 

Do. 

Da 

Do. 

Da 

Da 

Da 
South  aide  of  upper  basalt-cafion 
Idaho. 

Da 
Near  Fort  Hall,  Idaha 
Lincoln  Valley,  near  Fort  Hall, 

Idaho. 
Near  Fort  Hall,  Idaha 
Lincoln  Valley,  Idaha 

Do. 
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Washington,  D.  C,  A'^rll  5,  1873. 

SiE:  I  hand  you  herewith  my  report  upon  the  region  examined  by  me 
daring  the  past  sea^wn,  while  accompanying  the  Snake  River  division 
of  your  party. 

After  working  for  about  a  month  at  Ogden,  while  our  outfitting  was 
being  completed,  we  followed  well-marked  roads  to  Fort  Hall,  Idaho, 
and  thence  to  Market  Lake  Station.  Here  we  turned  off  into  tlic  almost 
niibroken  wilderness,  and  spent  some  time  in  examining  the  T^ton  Mount- 
ains, from  which  region  we  passed  up  the  valley  of  Henry's  Fork  to  its 
bead,  and  crossed  by  Tyghee  Pass  to  the  Upper  Madioon,  which  we  also 
followed  to  its  source,  in  Madison  Lake,  after  stopping  by  the  way  to 
examine  tlie  geysers  and  hot  springs  of  the  Fire- Hole  Basins.  Thence 
we  crossed  the  divide  to  Shoshone  Lake,  examined  call  the  head-waters 
of  the  main  Snake  River,  and  descended  that  stream,  via  Jackson's  Lake 
and  the  Grand  Canon,  to  its  emergence  into  the  Great  Basin,  reaching 
the  latter  at  a  point  only  a  few  miles  from  Fort  Hall. 

From  Ogden  to  Fort  Hall,  we  were  able  to  examine  but  a  narrow  strip 
of  conntr>' ;  but,  beyond  the  latter  point,  frequent  side  trips  enabled  us  to 
audersUind  the  general  features  of  quite  wide  areas,  though,  at  several 
points,  we  were  so  much  hurried  as  to  neglect  certain  small  spaces, 
which  are  now  seen  to  have  been  essential  to  absolute  certainty  regard- 
ing the  connections  of  different  parts  of  our  work.  Upon  the  whole, 
however,  though  much  yet  remains  to  be  done  by  subsequent  explorers 
in  that  region,  I  am  satisfied  that  they  will  find  but  few  errors  in  our 
results. 

I  am  indebted  to  Mr.  Bechler,  our  chief  topographer,  for  many  distances 
and  bearings,  as  well 'as  for  tbe  very  accurate  map  which  he  has  now 
nearly  completed,  and  upon  which  1  expect  to  color  the  outcrops  of  the 
Tarioos  formations.  I  am  also  indebted  to  Mr.  Hering,  astronomer  and 
meteorologist,  for  the  determination  of  most  of  the  levels  indicated  in 
this  report.  Mr.  Gannett,  of  your  own  party,  has  also  aided  me  in  this 
matter.  As  Mr.  Nicholson  remained  at  Fort  Hall  during  our  absence, 
takiug  hourly  observations,  while  previous  barometric  comparisons  of 
Fort  Hall  and  Ogden  had  been  made  by  Messrs.  Gannett  and  Hering, 
I  place  much  reliance  on  the  determinations  of  elevations  throughout 
the  region  examined. 

The  skillful  pencil  of  Mr.  Holmes  has  supplied  the  sketches  which 
accompany  this  report,  the  materials  being  mostly  obtained  from  the 
photographs  of  Mr.  Jackson,  who  accompanied  us  as  far  as  to  the  Fire- 
Hole,  and  from  Mr.  Bechler's  field-notes. 

Mr.  Taggart  acted  as  my  assistant  during  most  of  the  trip;  and  his 
work  was  satisfactory. 

I  have  to  thank  our  surgeon.  Dr.  Curtis,  for  information  on  certain 
microscopical  poiiits,  as  well  as  for  much  personal  kindness. 
Yours,  very  respectfilWy, 

FRANK  H.  BRADLEY, 

Chief  A  mutant  Geologist 
Dr.  F.  V'.  Hayden, 
In  charge  of  the  Uniied  States  Geological  tSio'vey  of  the  IWritories. 
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CHAPTER!. 

WAHSATCH  MOUNTAINS— OGDEN  TO  FORT  HALL. 

The  first  installment  of  the  party  reached  Ogden,  Utah,  which  had 
been  determined  on  as  our  rendezvous,  upon  the  evening  of  Friday, 
May  24 ;  and  the  work  of  the  season  was  commenced  on  the  following 
day,  by  the  ascent  of  a  peak  of  the  Wahsatch  Range,  which  stands  di- 
rectly back  of  the  town,  and  has  been  called  Ogden  Peak.  This  is  the 
cuhniuating  point  of  that  block  of  mountains  which  is  separated  from 
the  northerly  and  southerly  continuations  of  the  range  by  the  canons  of 
Weber  and  Ogden  Rivers.  No  mercurial  barometer  was  taken  to  the 
summit;  but  its  height  was  twice  measured  with  aneroid  barometers, 
and  once,  roughly,  with  a  pocket-level.  The  elevation  was  thus  approx- 
imately determined  at  5,298  feet  above  the  railroad  at  Ogden  Station, 
or  9,638  feet  above  the  sea- level. 

The  mountain  was  originally  pretty  well  covered  with  a  tolerably 
thick  growth  of  small-sized  pine  and  spruce,  with  some  cedar  along  the 
limestone  outcrops,  except  on  the  steepest  slopes,  which,  where  not  en- 
tirely bare  of  soil,  had,  and  still  have,  very  dense,  low  growths  ot  a  form 
of  "Jersey  tea,''  {Ceanothus  velutintiSj)  and  of  small  "  mountain  mahog- 
any," (Cercocarpua  ledifolius,)  mostly  so  depressed  by  the  winter's  snows 
as  to  have  taken  a  permanent  downward  slope,  which  greatly  increases 
the  diflficulty  of  the  steep  ascent,  but  often  renders  the  descent  alto- 
gether too  easy.  The  timber  has  mostly  been  cut,  except  on  the  highest 
parts  of  the  mountain ;  and,  along  the  small  caiions  and  lower  slopes, 
the  places  of  the  pine  and  spruce  have  been  taken  by  a  small  growth  of 
scrub-oak  (Querctia  alha)  and  mii]}\e}^,  (Acer  glabrum  SLud  A,  grandiden- 
tMum,)  This  oak  also  abounds  along  most  of  the  small  streams  which 
flow  from  all  the  canons,  and  extends  in  small  groves  far  out  upon  the 
terraces.  I  think  that  we  may  reasonably  expect  these  and  other 
^'  hard  woods"  to  increase  and  take  the  pla«e  of  the  pines  which  have  so 
nearly  disappeared,  and  which  have  here  but  very  few  descendants. 

Ui)on  our  tirst  ascent  of  the  mountain,  we  reached  the  lower  edge  of 
the  snow,  upon  a  spur,  at  about  2,000  feet  below  the  summit,  and,  on 
our  return,  descended  to  nearly  the  same  level,  in  a  ravine,  by  "  sitting 
glissades,"  over  the  soft  surface. 

At  the  time  of  our  arrival,  the  streams  issuing  from  the  caiions  were 
pretty  full,  though  variable,  by  reason  of  the  daily  meltings  and  nightly 
freezes ;  but,  before  our  departure  for  the  north w^ard,  the  snow  drifts 
were  so  greatly  reduced  thai;  their  flow  had  nearly  ceased ;  and  the  irri- 
gation of  the  lower  ground  immediately  about  the  town,  until  then 
depending  on  these  streams,  was  supplied  entirely  from  Ogden  River, 
by  a  ditch  starting  at  the  mouth  of  Ogden  Gallon.  This  failure  during 
the  summer  will  render  the  cultivation  of  the  higher  terraces  impossible, 
or  at  least  extremely  precarious,  until  ditches  are  run  up  the  Ogden  or 
the  Weber  River  far  enough  to  take  water  at  quite  a  high  level. 

Except  along  the  immediate  banks  of  the  streams,  these  terraces  sM 
mostly  overgrown  with  sage-brush,  though  the  scrub-oaks  before  men- 
tioned also  spread  out  over  considerable  areas,  and  there  are  some 
patches  of  almost  barren  sand  and  gravel.#  Along  most  of  the  mountain, 
there  are  only  three  prominent  terra<*.es,  marking  old  lake-levels,  the 
highest  reaching  the  level  of  about  876  feet  above  the  railroad,  or  966 
feet  above  the  present  lake-level ;  but  they  are  much  more  numeroas 
near  the  mouths  of  the  streams,  where  the  stream-currents  have  dis- 
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^'bacad  their  sediment^  when  the  lake-waters  were  at  these  higher 
levels.  Thirteen  of  these  terraces  were  observed  on  a  line  between  the 
center  of  the  town  and  the  mouth  of  Ogden  Caiion,  the  highest  of  which 
was  less  than  400  feet  above  the  railrosd.  Above  this  point,  the  foot  of 
the  moantain  has  been  swept  so  bare  of  rubbish  as  to  show  no  terrace 
until  we  reach  the  highest,  which  was  slightly  outlined  on  the  upper 
dopes.    . 

Most  of  the  material  of  these  terraces  is  entirely  flncompacted,  and 
the  edges  expose  beds  of  drifting  sand  and  loose  gravel ;  but,  at  two  or 
three  levels,  there  are  layers,  a  few  feet  in  thickness,  in  which  a  cal- 
careous cement  has  more  or  less  consolidated  the  gravel  into  still  rather 
loose  and  porous  conglomerates. 

The  d&ni$  thus  dei>osited  along  the  base  of  the  mountain  has  so  cov- 
ered the  solid  strata  as  to  make  it 
di£Scolt  to  determine  their  exact 
positions  at  this  low  level ;  but  the 
upper  slopes  show  so  much  bare 
lock  as  to  make  the  general  struc- 
tme  veiy  evident.    The  beds  form, 
as  was  stated  in  last  year's  report, 
ahuge  anticlinal,  whose  axis  makes 
asmall  angle  with  the  general  trend 
of  the  range ;  but  ft  proves  to  be 
moch  more  complicated  than  was 
then  supposed.    While  its  eastern 
dope  is  nearly  regular,  its  western 
18  ^ite  irregular,  Including  at  least 
two  sabordinate  folds,  large  por-  g 
tions  of  which  have  been  eroded,  iJf 
Bothat  one  must  study  closely,  to  gi^ 
be  able  to  supply  the  missing  links.  |« 

The  accompanying  sketch  (Fig.  f  m 
^)  shows,  in  a  general  way,  the  ac- 
tual and  theoretical  section  through 
the  range,  at  Ogden  Peak. 

In  the  more  northern  portion  of 
this  block  of  mountain,  both  of  the 
folds  of  the  western  slope  make 
coQfflderable  outcrops;  but  their 
axes  are  so  much  inclined  to  the 
horizon  that  the  bottoms  of  the 
folds  rise  rapidly  as  we  go  south- 
ward, until  they  pass  above  the 
present  surface,  leaving  the  west- 
ern dope  here  entirely  composed  of 
metamorphic  rocks,  in  which  no 
continuation  of  these  particular 
folds  can  be  traced.  The  southern 
portion  of  the  eastern  slope  was  not 
examined;  so  that  I  cannot  say 
jnst  at  what  point  of  the  eastern 
base  the  unmetamorphosed  rocks  disappear  from  it:  but  they  certainly 
snow  no  outcrop  in  the  section  displayed  along  Weber  Canon.  At  two 
or  three  points,  the  metamorphic  rocks  show  some  slight  easterly  dips; 
hat  most  of  their  dips  ai*e  strong  westerly,  and  the  overlying  beds  are 
plainly  unconformable.  The  metamorp'hics  are  mostly  hornblendic 
13  a  s 
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gneisses,  with  some  granites  and  occasionally  cUoritic  and  talco-mica 
schists,  all  more  or  less  penetrated  by  qnartz- veins.  One  of  these  veins, 
near  the  summit,  contains  considerable  quantities  of  translucent  semi- 
crystalline  masses  of  hematite.  These  veins  have  been  opened  at  vatioti& 
places  by  prospectors ;  but  notiiing  of  any  value  has  yet  been  reported. 
Several  of  these  openings  were  examined ;  but  a  few  small  scattered 
crystals  of  pyrite  were  the  only  metallic  indications  seen.  The  so-called 
"  tin-mine  "  was  not  visited.  Samples  of  its  ^'  ore'^  appeared  to  be  merely 
massive  hornblende,  whose  high  specific  gravity,  due  to  the  presence  of 
iron,  probably  originated  the  idea  of  its  metallic  character.  A  "  graphite 
mine,"  about  twelve  miles  north  of  Ogden,  near  the  Hot  Springs,  ivas  ex- 
amined, in  company  with  its  owners,  and  found  to  be  a  small  opening  in  an 
irregular  quartz-vein  which  contains  a  few  small  flakes  of  %raphite,  but 
gives  no  indication  of  the  presence  of  any  valuable  bodies  of  that  min- 
eral. On  the  whole,  it  appears  probable  that  no  valuable  mines  will  be 
found  in  the  metamorphic  rocks  of  this  neighborhood. 

Immediately  upon  the  metamorpbics  we  find  about  1,500  feet  of  heavy- 
bedded  quartzite,  partly  white,  but  mostly  quite  ferruginous.  Its  lowest 
layers  consist  of  a  coarse  conglomerate  of  large,  red,  gray,  and  white 
quartz,  and  jasper  pebbles.  The  upper  portions  are  mostly  finer  grained^ 
with  occasional  streaks  of  very  small  pebbles.  The  lines  of  false  bedding 
are  rather  irregular,  but  mostly  face  the  west  or  southwest,  indicating 
open  sea  in  that  direction  at  the  time  of  their  deposition.  .  The  only 
fossils  found  in  these  beds  are  indistinct  fucoidal  markings,  resemt)ling 
in  general  appearance  the  Arthrophycus  Harlani  of  the  Medina  sand- 
stone, but  plainly  not  identical  with  it.  From  the  character  of  the 
overlying  strata,  I  am  inclined  to  refer  this  bed  to  the  age  of  the  Potsdam 
sandstone.  It  forms  the  grand  arch  figured  in  the  report  for  1871. 
Just  to  the  south  of  this  arch,  the  horizontal  edges  of  its  outcrop,  in  the 
continuation  of  the  axis  of  the  arch,  form  a  high  cliff,  over  which  the 
waters  of  one  of  the  small  mountain-%treams  falls,  first  in  a  steep  cas- 
cade 52  feet,  and  then  in  one  leap  263— in  all,  315  feet — ^to  the  bottom 
of  a  narrow  ravine.  The  tumbling  rocks  under  the  spray  of  the  fall 
were  covered  with  numerous  snails,  {Helix,  sp.) 

These  quartzites  are  overlaid  by  something  over  1,000  feet  of  gray 
calcareous  shales,  without  fossils  so  far  as  seen,  and  these  by  nearly 
2,000  feet  of  compact  blue  and  gray  dolomitic  limestone,  partly  oolitic  in 
structure,  partly  silicious  and  even  cherty,  partly  filled  with  irregular 
streaks  and  patches  of  ferruginous  clay.  In  this  immediate  neighbor- 
hood, this  bed  of  limestone  is  exposed  only  where  the  strata  have  been 
much  disturbed,  and  it  has  consequently  been  mostly  thoroughly  shiv- 
ered in  every  direction,  though  afterward  recemented  by  the  thin  sheets 
of  calcite  which  fill  all  the  crevices.  No  fossils  were  found  in  it  here- 
about, but  a  single  specimen  of  SaJysites  catenulatay  the  characteristic 
coral  of  the  Niagsfra  group,  was  obtained  by  the  survey,  in  1871,  from 
the  upper  part  of  what  was  supposed  to  be  this  bed,  in  Box-Elder 
Canon,  some  twenty-five  miles  north  of  Ogden.  From  the  character 
of  the  rock,  however,  I  judge  that  at  least  the  larger  part  of  the 
bed,  together  with  the  underlying  calcareous  shale,  belongs  to  tho 
Quebec  Group  of  the  Lower  Silurian  age,  which  is  so  largely  developed 
^ong  the  Malade  Valley  farther  north.  It  is  not  impossible  that  here, 
as  in  the  neighborhood  of  the  T6ton  Mountains,  nearly  two  hundred 
miles  farther  north,  the  deposition,  of  limestone  might  have  been  con- 
tinuous from  the  Quebec  epoch  onward  to  the  Niagara  epoch  or  even 
later. 

This  limestone  is  followed  by  a  second  heavy  bed  of  quartzite,  mostly 
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fiairagiaons,  iiom  2,000  to  2,500  feet  in  tbickness.    Ko  foesils  *eie  seen 
in  it,  sod  I  know  of  DOthiag  vhich 
would  give  any  groouds  for  judgiog 
aa  to  its  age. 

This  is  follonred  by  probably  3,000 
ieet  of  quite  compact,  mostly  tliiu- 
bedded  gray  aod  drab  limestone, 
largely  silicioas,  the  lower  part  even  « 
cherty  and  somewbat  geodiferous.  "^ 
These  beds  contain  a  few  fossils,  ~ 
Zi^krenlu,  &c.,  wbicb  are  plaiuly  i 
of  CarboDiferous  age.  -3 

These  bigher  bMis  make  no  ap-  s 
pearance  ai>0Q  the  -western  slope  of  , 
tbis  mouBtain-blocb,  except  in  the  V 
immediate  oeigbborhood  of  Ogden  ^ 
Canon.     The  crest  of  the  moilutain  ^ 
consists  of  the  lower  qnartzites,  as  s. 
sbovu    ill    the   section   previously  .T 
given.     The  upper  of  the  two  subor-  -" 
dinate  folds  on  the  western  slope  has  gj 
its  eastern  ude  much  steeper  than  S 
its  western,  and  at  some  points  al-  a. 
moat  pinched  oat.    The  lower  and  r  „ 
Biore  westerly  one  has  both  sides  r  ^ 
^oite  steep,  and  the  two  edges  of  I*  5 
tbe  thin  plate  of  limestone  which  |  '^ 
forms  its  central  portion  are  folded  5  S 
ao  closely  together  as  to  appear,  at  I«  i 
first  sight,  when  seen  from  below,  S.  > 
■ear  the  limekiln,  like  a  single  out-  ^  | 
crap;  bigher  on  the  spar,  where  S^  ' 
they  perhaps  spread  a  little  more  | 
than  tbey  do  below,  the  eastern  edge  c^ 
has  a  dip  of  only  from  50°  to  oS°,  "g 
and  tbe  western  one  of  ToO.  S: 

Tbe  following  is  a  section  of  the  I 
stmta  aa  they  are  exposed  in  Ogden  i^ 
C^on.  (Fig.  45.)  Tbe  two  subor-  .? 
dinate  folds  of  the  western  slope  of  ^ 
the  anticlioal,  having  more  westerly  t 
trends  than  tlie  mountain -range  it-  ^ 
self,  pass  nnder  the  valley  before  g 
naching  Ogden  CaSoD,  and,  accord-  e- 
iiigly,  are  not  seen  in  this  section,     g 

In  ascending  the  stream  the  first  i- 
gnuid  fold  of  the  apper  limestone  is  |^ 
M>  much  concealed  by  the  dibrw  as  ~ 
to  be  unnoticed  until  we  pass  the 
second    bridge   and   come   to   the 
"wedge"  figured  in  the  report  of 
1871,  aud  even  'then  it  is  diffionlt  to 
trace  the  outlines  of  the  fold  on  the 
apper  slopes.    The  second  fold,  bow- 
ever,  is  very   prominent,  forming  au  immense  tilted   "Z"  npon  the 
■ooDtain-aide,  a  holfmile  long  and  at  least  1,000  feet  high.    The 
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upper  bar  of  the  "Z''  dips  16^  and  the  lower  one  11°  to  the  east- 
ward, while  the  connecting  stroke  has  a  dip  of  49°  in  the  opposite  di- 
rection. The  angles  are  very  sharp,  and  the  rocks,  correspondingly, 
so  much  broken  that  they  have  yielded  readily  to  water-action  on 
the  south  side  of  the  cafion,  known  as  Walker's  Canon,  which  gives 
passage  to  a  large  stream  supplied  by  the  melting  snows  of^the  great 
hollows  on  the  northeast  side  of  Ogden  Peak.  Small  cold  springs, 
depositing  calcareous  tufa,  were  noticed  along  the  rocky  sides  of  this 
caJcLon.  At  Dr.  Cannon's,  half  way  down  Ogden  Canon,  a  strong  sulphur 
spring  flows  from  the  second  quartzite  on  the  north  side  of  the  river. 
The  foot-bridge,  which  generally  makes  this  accessible,  had  recently  been 
washed  away,  and  this  stream  was  not  fordable  at  the  time  of  oar  visit, 
so  that  we  could  not  measure  its  temperature.  The  water  was  said  to 
be  warm  but  drinkable.  The  escape  of  gas  was  strong  enough  to  be 
noticeable  as  we  passed  along  the  road  on  the  opposite  side  of  the  stream. 
"SesLT  the  mouth  of  the  canon  there  are  two  small  clusters  of  hot  springs, 
both  of  which  are  saline  and  ferruginous.  The  upper  cluster,  just  below 
the  lower  bridge,  and  within  the  mouth  of  the  canon,  flow  from  the  gran- 
ites, make  but  little  deposit,  and  have  a  temperature  of  136^.  The  lower 
ones,  just  outside  the  mouth  of  the  caSon,  have  formed  a  considerable 
mound  of  calcareous  tufa,  and,  for  that  reason,  are  supposed  to  come  up 
through  the  lower  limestones,  one  of  the  folds  of  which  should  be  in  place 
beneath  the  terrace  about  at  this  point.  The  thermometer  used  here 
was  too  short,  and  simply  indicated  a  temperature  of  125^  or  higher. 

The  lower  part  of  the  canon  through  all  its  length,  but  especially  near 
its  mouth,  is 'more  or  less  lined- with  heavy  beds  of  coarse  gravel, 
thoroughly  consolidated  by  a  ferruginous  cement.  In  some  places,  this 
forms  the  bed  as  well  as  the  banks  of  the  stream ;  but,  at  others,  it  is 
cut  through,  and  the  original  well-worn  rock-bottom  of  the  old  channel 
is  exposed  beneath  the  gravel  by  the  side  of  the  road.  It  is  evident 
that,  when  this  cafion  was  originally  excavated,  the  Great  Salt  Lake 
was  not  far,  if  at  all,  above  its  present  level }  so  that  the  rushing  torrent 
which  wore  out  this  old  rounded  bottom  met  no  check  until  it  had 
passed  entirely  beyond  the  mouth  of  the  canon.  There  followed  a  time 
when  the  lake  filled  nearly  or  qaite  to  its  highest  terrace ;  and,  mean- 
while, the  Ogden  Biver  continued  to  bring  down  the  sand  and  pebbles 
which  it  had  before  been  accustomed  to  sweep  out  upon  the  lower  ter- 
race, but  now,  checked  by  the  rising  lake,  deposited  them  in  the  lower 
parts  of  its  old  channel,  until  they  accumulated  to  a  very  high  level, 
not  yet  accurately  located.  Again,  the  lake  retired,  and  the  stream 
again  cut  down  its  channel,  sometimes  reaching  its  old  level  and  some- 
times not.  It  is  evident  that  there  were  some  pretty  good  sized  cas- 
cades, at  least,  if  not  large  falls,  in  the  old  river  where  it  passed  over 
the  more  solid  limestones  and  quartzites,  and  wore  away  the  softer 
underlying  shales  and  schists.  The  conglomerated  gravel  has  worn 
more  evenly,  though  it  is  far  from  homogeneous. 

The  lower  bed  of  limestone  was  formerly  burned  in  small  kilns,  about 
a  mile  above  the  mouth  of  the  cafLon  ;  but  the  local  supply  of  wood  is 
now  nearly  exhausted,  and  the  kilns  are  deserted.  The  same  bed  is 
used  in  a  kiln  at  the  mouth  of  Taylor's  Canon,  just  back  of  Ogden, 
where  it  is  burned  with  coal  from  Evanston,  which  is  delivered  at  the 
Ogden  station  for  $5  per  ton.  Hauling  to  the  kiln,  on  the  return  trips 
of  teams  which  hanl  down  the  lime,  costs  $2.66  per  ton.  Three  toos 
burn  100  bushels  of  lime,  which  sells  readily  at  50  cents  per  bushel, 
delivered  in  Ogden.    The  kiln  burns  about  60  bushels  per  day. 

In  order  to  examine  briefly  the  southern  continuation  of  this  range, 
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aod  to  get  some  idea  as  to  the  uniformity  of  character  of  its  formations, 
I  aeoompanied  Messrs.  Jackson  (oar  photographer)  and  Peale  (mineral- 
ogist) to  Salt  Lake  City  and  Little  Cottonwood  Cauon,  the  latter  being 
aboat  fifty  miles  soath  of  Ogden.  At  that  time,  June  20,  immense 
snow-drifts  still  remained  in  all  the  upper  parts  of  the  caiion,  and  made 
it  impossible  to  obtain  more  than  a  very  general  idea  of  the  section. 
The  0Qter^( western)  part  of  the  caiion  is  walled  solely  by  the  almost 
white  granite,  which  is  extensively  quarried,  near  its  mouth,  for  the 
Mormon  temple,  as  well  as  lor  other  uses  about  Salt  Lake  City.  This 
is  entirely  different  &om  anything  seen  near  Ogden.  From  the  istrike 
of  the  bedding,  it  is  evident  that  the  line  of  outcrop  would  pass  con- 
siderably to  the  eastward  of  the  crest  of  the  mountain,  in  making  only 
a  few  miles  of  northing.  The  dip  is  westward,  as  is  the  case  with  most 
of  the  metamorphic  rocks  near  Ogden.  Several  of  the  large  faces  of 
granite  exposed  in  the  quarry  showed  angular  and  rounded  patches  of 
darker  material,  which  were  evidently  sections  of  what  had  been  more 
or  less  rounded  pebbles  in  the  conglomerated  mass,  before  its  metamor- 
phism.  IJncouformably  upon  this  granite  lies  a  heavy  mass  of  ferrigu- 
nous  qnartziteSf  whose  northern  continuation  forms  the  Twin  Peaks, 
said  to  be  the  highest  points  of  the  range.  Upon  this,  apparently  con- 
formably, lies  a  series  of  limestones,  the  lower  part  rather  thin  bedded, 
the  upper  part  in  heavier  layers.  The  lowest  beds  could  not  conven- 
iently be  visited.  A  short  distance  south  of  the  Flagstaff  mine,  a  small 
mass  of  rock  was  found  to  be  fall  of  small  fossils,  including  some  char- 
acteristic forms  of  the  Sub  carboniferous.  A  few  others  were  found 
scattered  about  in  such  condition  as  to  satisfy  me  that  the  whole  clus- 
ter of  mines  snrrounding  the  Emma  and  the  Flagstaff  is  in  Garb#nif- 
eroas  and  Sub  carboniferous  rocks,  so  far  as  yet  developed.  While  the 
age  of  the  lower  part  of  the  series  was  not  determined,  yet  it  was  evi- 
(knt  that  there  is  nothing  in  the  character  of  these  beds  which  should 
eanse  us  to  anticipate  any  considerable  decrease  in  the  metallic  deposits 
Wore  reaching  the  underlying*  quartzites.  At  that  level,  however, 
they  are  likely  to  be  greatly  diminished,  if  not  entirely  wanting.* 

Even  on  the  comparatively  moderate  slopes  of  the  head  of  the  valley, 
dimbiog  is  very  wearisome  j  and  the  lower  part  of  the  caiion  is  hemmed 
in  by  immense  nearly  vertical  walls  of  granite,  standing  up  out  of  steep- 
est slopes  of  debris.  From  these  bare  walls  and  steep  slopes  descend,  in 
winter,  the  avalanches  which  have  buried  so  many  teamsters  and  others, 
and  which  will  continue  to  thus  destroy  life  and  property  until  the 
mining  companies  shall  unite  in  constructing  either  a  covered  or  an  ele- 
vated road  tor  the  transmission  of  ore  and  supplies  as  well  as  of  pas- 
sengers. The  inexhaustible  supply  of  granite,  already  broken  by  na- 
ture to  manageable  size,  would  seem  to  make  the  construction  of  a 
coTered  way  extremely  feasible. 

The  limestones  which  form  the  base  of  the  high-terrace  shoulder  of 
the  mountain,  at  the  Warm  Springs,  just  north  of  Salt  Lake  City,  show 
at  one  point  a  dip  of  25©  S.  38^  E.  They  apparently  belong  to  a  sub- 
ordinate fold  of  the  western  slope  of  the  main  anticlinal,  similar  to  those 
already  described. 

On  June  24  we  started  from  Ogden  on  our  northward  journey,  and 
camped  at  the  Hot  Springs,  about  ten  miles  from  that  city.    After. 
^^Wflsing  Ogden  River,  about  two  miles  below  the  mouth  of  its  caiion, 

*  As  this  report  is  passing  through  the  press,  I  find  that,  in  the  Engineering  and 
ffhiinff  Jonmal  of  March  11, 1873,  Mr.  Henry  Engelman  states  that  a  second  qnartzite 
tt  in  pUce  in  the  Cottonwood  section.  The  lower  limestones  must  therefore  be  to- 
Untd  to  the  Silnrian  age,  as  at  Ogden. 
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we  saw  the  village  of  North  Ogden,  some  four  or  five  miles  to  the  right 
of  our  route,  at  the  foot  of  the  mountain,  in  an  angle  of  the  lower  terrace, 
at  the  mouth  of  the  pass  which  afforded  communication  with  Ogden 
Hole  before  the  construction  of  the  road  through  the  previously  impass- 
able canon.  The  mountain  between  this  pass  and  the  canon  has  a  base 
of  metamorphics,  a  precipitous  face  of  the  lower  quartzite,  an  upper 
moderate  slope  of  the  calcareous  shales  and  lower  limestone,  and  a  crest 
of  the  upper  quartzite.  In  the  portion  trending  back  toward  the  pass, 
the  shales  and  limestones  descend  somewhat,  and  have  been  weathered 
out  into  an  immense  amphitheater,  reported  as  being  very  grand  by  Dr. 
Peale,  who  examined  it. 

The  hot  springs  are  located  immediately  at  the  foot  of  a  high 
shoulder  of  the  mountain,  consisting  of  the  upper  terrace,  preserved 
from  wear  and  upheld  by  a  mass  of  quartzites,  shales,  and  limestones, 
which  form  the  continuation  of  the  uppermost  of  the  subordinate  folds 
on  the  west  flank  of  Ogden  Peak.  Though  the  connecting  portion  is 
gone,  so  far  as  can  be  seen,  yet  some  portions  of  these  beds  are  doubt- 
less in  place  beneath  the  plain  which  stretches  pa«t  North  Ogden  to 
near  the  mouth  of  Ogden  Canon.  The  terrace  at  the  hot  springs  ex- 
poses both  sides  of  the  fold  very  plainly ;  and  here  we  find,  as  on  Ogden 
Peak,  that  the  eastern  side  of  the  fold  is  much  the  steepest,  and  has 
been  pinched  out,  so  as  to  show  but  a  thin  outcrop.  The  portion  of  the 
terrace  next  to  the  mountain  consists  of  metamorphic  rocks,  as  does 
also  far  the  larger  part  of  the  mountain-faSee.  The  rocks  are  mainly 
homblendic  gneiss  and  syenite,  with  quartz-veins.  The  crest  of  thid 
mountain  here  consists  of  the  second  quartzite,  and  reaches  an  eleva- 
tion so  nearly  identical  with  that  of  Ogden  Peak  that  I  am  in  doabt 
which  is  the  higher. 

The  hot  springs  flow  from  the  quartzites  of  the  west  side  of  the  fcAd 
at  the  end  of  the  terrace,  practically  on  the  same  line  of  craek  as  tiioee 
just  outside  the  mouth  of  Ogden  Canon. 

Just  beyond  the  springs,  several  of  the  high  spurs  of  the  mountain 
form  very  prominent  pinnacles,  being  capped  with  masses  <$f  the  first 
quartzite,  from  above  which'  the  overlying  calcareous  shales,  by  reason 
of  their  softness  and  the  easterly  dip,  have  been  readily  eroded*  This 
structure,  as  well  as  the  general  bedding  before  described,  can  be  plainly 
seen  by  those  who  may  pass  on  the  cars  between  Ogden  and  Corinne. 
A  fine  fall  leaps  over  this  quartzite  in  Willow  Creek  Canon,  opposite 
Willard  City. 

As  we  pass  northward,  the  mountain  bears  farther  to  the  east,  the 
axis  of  upheaval  passes  out  under  the  plain,  and  the  quartzites  and 
limestones  decline  from  high  dips  to  nearly  level  positions,  the  second 
quartzite  passing  fix)m  the  very  crest  to  the  very  bottom  of  the  mount- 
ain just  north  of  Box  Elder  Canon,  back  of  Brigham  City,  and  abont 
twelve  miles  from  the  hot  springs.  The  high  monoclinal  dips  seen  by 
Dr.  Hayden  along  this  canon  in  1871  probably  represent  the  contincia- 
tion  of  the  axis  of  either  the  "wedge"  or  the  "Z'^  of  the  upper  lime- 
stones in  Ogden  CafLon,  but  show  greater  disturbance  than  was  there 
experienced.  •  For  about  six  miles  north  of  Brigham  City,  the  upjier 
quartzite  forms  the  base  of  the  mountain,  but  then  disappears,  and  the 
upper  limestone  alone  outcrops,  though  a  thin  local  bed  of  quartzite 
api)ears  about  the  middle  of  its  section  for  a  short  distance.  At  Mr. 
Barnard's  place,  about  five  miles  above  Brigham  City,  I  was  shown  a 
fragment  of  galena  in  calcite,  with  some  green  carbonate  of  copper, 
from  an  opening  in  the  limestone  about  a  thousand  feet  up  the  mount- 
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aiiL    The  lode  was  said  to  be  about  four  feet  thick.    The  ore  is  reported 
to  be  rich  in  silver,  and  arrangements  have  si  nee  been  made  for  working  it. 

Some  of  the  limestone  along  here  is  quite  compact  and  furnishes 
good  building-stone,  which  dresses  well,  and  has  been  extensively  used 
in  this  neighborhood  for  houses  and  bams,  the  supply  being  mostly 
obtained  from  the  piles  of  large  masses  swept  down  along  the  channels 
of  the  small  but  rapid  mountain-streams.  While  passing  down  this 
road,  upon  my  return  in  November,  I  saw  a  dozen  or  more  medium- 
fflzed  two-story  stone  dwellings  in  process  of  building  or  just  com- 
pleted, in  as  many  miles,  evincing  a  much  higher  degree  of  general 
prosperity  and  thr^  than  one  would  have  expected  from  a  view  oi  the 
small  adobe  cottages  previously  occupied.  The  soil  is  evidently  fertile, 
▼herever  irrigated.  Stacks  of  wheat  and  corn  and  huge  piles  of  pump- 
kins were  constant  features  along  this  road  at  the  close  of  the  season. 

About  twelve  miles  north  of  Brigham  City  we  came  to  another  small 
cluster  of  hot  springs,  of  temperatures  varying  from  121o  to  128^. 
These  are  stroogly  chalybeate  and  saline.  By  the  side  of  them  is  an- 
other cluster  of  springs  only  feebly  saline^  free  from  iron,  and  of  much 
lover  temperature,  mostly  about  68^.  Upon  my  return  in  November 
these  reached  72^,  but  had  a  much  smaller  supply  of  water.  The  hot 
springs  were  also  weaker,  and  reached  132^.  Fremont  reports  them  at 
IM^  in  1843.  The  water  of  these  springs  supplies  a  long  narrow  pond, 
hemmed  in  by  portions  of  the  lower  terrace  upon  which  the  road  runs 
at  this  point.  Cool  springs  are  said  to  break  out  along  this  pond:  but 
ve  did  not  succeed  in  finding  them,  and  so  made  our  camp  on  the  bank 
of  Bear  Elver,  about  two  miles  farther  on.  This  stream  is  here  slug- 
^sb,  having  nearly  reached  the  level  of  the  lake,  though  yet  some  miles 
aistant  from  it. 

Passing  up  tiie  road  about  seven  miles  farther,  we  approached  Hamp- 
tcm's  Bridge,  ^here  the  stream  is  much  more  rapid.  The  channel  of  the 
mer  here  makes  a  sharp  turn  to  the  eastward,  passing  through  the 
ftont  range  of  the  Wahsatch  Mountains  on  our  right,  while  the  northern 
continuation  of  the  valley  in  fropt  of  the  range  is  occupied  by  a  tributary 
iu)w  known  only  by  the  name  of  Malade  Eiver,  though  sometimes 
lefeired  to  in  old  publications  as  Eoseaux  or  Eed  Greek. 

The  immediate  channel  of  Bear  Eiver,  where  it  breaks  through  the 
moantainy  at  the  point  known  as  ''The  Gates,"  is  narrow,  with  high 
pcecipitous  walls  of  light-drab,  compact  limestone,  partly  siliceous, 
from  which  I  could  obtain  no  fossils }  but,  from  its  position,  it  must  be 
Carboniferous.  The  strata  show  a  westerly  dip  of  about  25°,  and  evi- 
^ntly  belong  to  the  west  side  of  the  anticlinal  upheaval,  whose  southern 
continuation  has  been  mentioned  as  crossing  Box  Elder  and  Ogden 
Canons,  The  cliffs  of  this  narrow  channel  reach  nearly  to  the  level  of 
the  top  of  the  second  principal  terrace.  On  the  north  sideof  "The 
Gates,''  a  short  distance  back  from  the  edge  of  this  channel,  there  is 
another  considerable  break  in  the  upper  terrace,  showing  a  second 
channel  to  have  existed  when  the  stream  was  at  this  level ;  and,  as  seen 
&om  this  north  side,  the  appearance  of  the  surface  on  the  south  side 
indicated  the  probable  existence  of  still  a  third  old  channel,  along  the 
line  uow  occupied  by  the  Utah  Northern  Eailroad,  (narrow  gauge,) 
which  there  crosses  the  range  into  Cache  Valley.  At  the  level  of  the 
upper  terrace^  the  old  valley  of  Bear  Eiver  spreads  out  to  a  width  of 
abont  five  miles.  The  upper  terrace  itself  consists  almost  entirely  of  a 
grayish-white  limestone,  partly  fine  grained  and  compact,  partly  coarse 
and  porous,  and  mostly  pebbly.  AU  of  it  is  more  or  less  oolitic.  The 
impact  layers  are  entirely  destitute  of  fossils ;  but  the  more  pebbly 
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I>ortions  contain  very  nnmerons  individnals  of  a  few  species  of  fresh- 
water shells,  which  are  snfBicient  to  mark  the  bed  as  of  late  Tertiary 
(Pliocene  Y)  age.  (Dr.  Curtis,  of  our  party,  afterward  obtained  from  the 
shore  at  the  southern  end  of  Salt  ]jake  specimens  of  oolitic  sand,  which 
show  that  this  kind  of  calcareous  deposit  is  still  forming  abundantly  in 
this  basin.)  The  beds  exx>osed  are  about  200  feet  thick.  They  show,  at 
this  point,  a  dip  of  about  25°  south,  63°  west.  As  ne  corresponding 
disturbance  of  the  surface  of  the  terraces  is  apparent,  it  is  evident  that 
the  upheaval  antedates  the  Terrace  epoch.  The  lower  terraces  show 
extensive  deposits  of  coarse  gravel,  which  is  well  exposed  in  the  cuts  of 
the  Utah  liforthem  Railroad,  and  supplies  that  road  with  an  abundance 
of  superior  ballast. 

After  crossing  Bear  River,  the  Tertiary  limestones  are  found  covering 
the  entire  foot  of  the  mountain,  for  two  or  three  miles,  though  the  mount- 
ain itself  is  still  plainly  composed  of  the  older  limestone,  which  appears 
on  its  summit.  Then  the  Tertiary  disappears  altogether,  and  the  upper 
quartzite  rises  so  as  to  form  the  face  of  the  ridge,  for  four  or  five  nules. 
Then  the  Tertiary  comes  in  again,  in  a  heavy  body  of  compact  flinty 
limestones  and  sUiceous  shales,  running  to'  the  very  tops  of  the  hills, 
which  are  here  much  depressed.  The  slrata  are  mainly  nearly  level, 
only  the  portion  nearest  the  valley  having  a  westerly  dip,  which  at  some 
points  reaches  4SP,  About  nineteen  miles  above  Hampton's  Bridge,  the 
mountain  rises  again,  and  the  Tertiaries  disappear  again,  exposing  the 
facc'Of  the  lower  limestone,  which  has  now  risen  so  as  to  form  the  en- 
tire mass  of  the  mountain.  At  the  junction  of  the  two  series  of  strata, 
it  is  evident  that  the  Tertiaries  lie  unconformably  upon  the  older  lime- 
stones, many  layers  of  which  are  here  crowded  with  fragments  of  trD- 
obitcs  and  other  fossils,  which  are  plainly  of  the  age  of  the  Quebec 
group.  Among  the  specimens  from  this  locality  which  have  already 
been  worked  up,  there  are  at  least  fifteen  trilobites  of  the  genera  Cono- 
coryphey  BathyuruSy  DicellocepliahiSy  AgnostuSy  &c.,  five  brachiopods,  two 
gasteropods,  and  one  pteropod.  As  we  approach  Malade  City  the  mount- 
ain becomes  higher  and  more  precipitdus,  a  point  about  three  miles 
south  of  that  place  being  found  to  be  about  2,50^  feet  above  the  river. 
Of  this  total,  about  2,000  feet  are  exposed  in  the  face  of  the  mountain, 
the  terraces  being  mostly  washed  away.  All  the  strata  exposed  belong 
to  the  Quebec  Group,  and  consist  mainlyof  limestones,  though  including 
perhaps  200  feet  in  all  of  sandstones,  partly  shaly,  but  mostly  thick- 
bedded  and  quartzitic,  as  well  as  an  indeterminate  amount  of  interlam- 
inated  greenish  calcareous  shales.  The  uppermost  limestones  are  com- 
pact and  full  of  nodules  and  layers  of  chert ;  the  lower  ones  vary  greatly, 
from  pure  compact  to  coarsely  fragmentary,  to  fine-grained  silicious, 
and  to  oolitic  and  coarsely  concretionary  forms.  The  colors  vary  from 
drab  to  blue,  gray,  bufif,  flesh-color,  and  pale  red,  sometimes  uniform, 
sometimes  mottled  and  streaked.  Some  of  the  beds,  of  both  the  lime- 
stones and  the  sandstones,  would  make  good  building-stone ;  but  these 
are  rather  too  high  in  the  section  to  be  conveniently  quarried  on  the 
face  of  »the  mountain ;  though  they  could  probably  be  easily  reached  by 
ascending  some  of  the  numerous  canons  which  break  through  the  range 
in  this  neighborhood.  The  fossils  occur  at  various  levels,  from  bottom  to 
to  of  the  section,  though  some  portions  of  considerable  thickness  are 
entirely  barren.  They  can  be  most  easily  obtained  from  the  tumbled 
masses  of  the  different  beds  which  lie  numerously  along  the  foot  of 
the  mountain.  As  Malade  City  is  only  one  day's  ride,  by  stage,  flrom 
Corinne,  the  locality  can  easily  be  visited  by  collectors  who  may  be  pass- 
ing oyer  the  Central  Pacific  Railroad.    The  section  should  be  more  eare- 
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fnUy  examined,  so  as  to  determine  the  positions  of  any  special  horizons 
which  may  he  marked  by  special  groups  of  fossils.  Time  did  not  per- 
mit me  to  make  so  thorough  examinations  of  the  different  beds  as 
such  determinations  woald  require. 

The  finding  of  distinctively  Quebec  Group  fossils,  in  such  abundance 
and  throagh  so  great  a  thickness  of  strata,  was  a  matter  of  considera- 
ble interest,  since  this  was,  I  believe,  the  first  identification  of  this  hoti- 
zon  on  the  western  side  of  the  Bocky  Mountain  divide ;  and,  indeed, 
but  few  specimens  from  that  or  any  other  part  of  the  Silurian,  had  ever 
been  obtained  from  any  part  of  the  country  west  of  Minnesota,  Mis- 
Bonri,  and  Texas.  As  no  fossils  were  found  in  the  lower  limestones 
at  Ogden,  the  age  of  those  beds  was  in  doubt  until  the  identity  of 
stratigraphical  position  and  of  lithological  character  showed  that  they 
must  be  of  the  same  age.  The  first  examination  of  these  Malade  rocks 
was  made  at  a  point  where  the  section  terminated  below  in  a  very 
qaartzitic  sandstone,  which  occupied  the  relative  position  of  the  Pots- 
dam, and  was  accordingly  referred  with  doubt  to  that  group  in  a  letter- 
extract  .which  was  published  in  the  August  number  of  the  American 
Jomnal  of  Science.  Later  examinations  have  shown  that  this  was 
really  a  part  of  the  true  Quebec,  whose  base  is  not  here  exposed. 

The  vaUey  of  the  Malade  is  broad  and  flat ;  the  stream  itself  is  slug- 
gish and  mostly  deep,  with  steep  banks  and  muddy  bed.  At  a  few 
points  there  is  rock  or  gravel  bottom,  but  crossings  are  few.  The  bor- 
deriiig  flats  are  rich,  and  considerable  portions  are  well  Cultivated,  pro- 
dacing  heavy  crops  of  wheat  and  some  corn.  They  are  well  watered 
hj  numerous  large  springs,  which  burst  up  at  various  points,  doubtless 
being  supplied  by  subterranean  streams  flowing  through  and  escaping 
from  the  limestones  of  the  mountain.  These  are  mostly  pure  and  cold 
springs ;  bat  at  one  point  near  the  stage-road,  about  a  mile  south  of 
Malade  City,  there  is  a  low  mound  of  calcareous  tufa,  surrounding  a 
small  spring  which  is  rather  warm,  but  still  drinkable.  Only  a  small 
amomit  of  land  has  yet  been  irrigated  about  here.  The  ridge  which 
fonns  the  western  boundary  of  the  valley  is  lower  and  more  rounded  in 
outline  than  that  upon  the  east.  It  was  not  visited,  but  the  apparent 
Btractnre  and  color  of  its  bare  slopes  render  it  probable  that  it  also  con- 
sists of  Quebec  Group  rocks. 

The  old  route  across  the  divide,  to  the  Snake  River  Valley,  passed  on 
to  the  head  of ''the  Malade,  and  thence  to  the  left  and  down  Bannock 
Creek.    The  stage-route  now  turns  a  little  to  the  right  at  Malade  City, 
and  crosses  to  Marsh  Creek,  '  Following  it,  we  camped  at  Keeney's  Sta- 
tion, four  miles  above  Malade  City,  and  stopped  over  one  day,  June  28, 
to  examine  the  neighborhood.    The  side  valley,  which  the  road  follows, 
makes  a  broad  break  through  the  eastern  mountain,  up  which  the  ter- 
races extend,  and  connects  with  a  narrower  valley  lying  between  this  and 
the  next  range.    Messrs.  Taggart  and  Coulter  accompanied  Mr.  Jackson 
to  the  summit  of  the  mountain  north  of  the  gap,  found  it  to  be  the  regular 
continuation  of  that  to  the  southward,  and  brought  in  a  few  character- 
istic fossils.    Mr.  Adams  accompanied  me  to  the  southward,  where  we 
fonnd  the  back-slopes  of  the  mountain  covered  with  Tertiary  beds,  con- 
sisting mostly  of  thin-bedded,  light-drab,  clinking  limestones,  partly 
pure,  partly  earthy,  with  some  siTicious  shales.    Some  of  these  beds 
^onld  probably  make  good  hydraulic  cement.    A  few  minute  ostracoids 
and  small,  indistinct  fresh- water  gasteropods  were  the  only  fossils  found. 
From  the  summit  of  the  mountain,  it  became  evident  that  these  Ter- 
tiary beds  extend  up  this  back  valley  to  that  of  Bear  Eiver,  and  that 
this  crest  formed  two  long,  narrow  islands  in  the  old  Tertiary  lake. 
Thftbeds  have  a  slight  easterly  dip. 
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The  next  range  east  was  also  examined  in  a  hasty  reconnaissance  np 
Kew  GanoOy  wMch  opens  into  the  valley  about  four  miles  east  of  Kee- 
ney's  Station.  The  lower  portion  of  the  ca&on  is  walled  with  heavy 
beds  of  ferruginous  quartzite,  belonging  with  the  lower  beds  at  Ogden, 
and,  like  them,  referred  with  little  doubt  to  the  Potsdam.  Some  small 
excavations  have  been  made,  by  mining  prospectors  in  some  of  the  mcnre 
thinly-bedded  portions,  but  without  any  success.  Their  rubbish  gave 
no  indication  of  anything  which  should  have  encouraged  such  excava- 
tions.  Above  the  quartzite  lie  heavy-bedded,  dark-blue  and  ferruginous, 
impure  limestones,  which  belong  to  the  Quebec  group ;  but  no  fossils 
were  found.  The  dips  are  all  easterly  and  reach  5(P.  The  upper  part 
of  the  canon  is  heavily  timbered  with  pine  and  spruce;  and  residents 
of  Malade  City  have  combined  to  make  a  good  wagon-road  up  it,  fcHr 
the  purpose  of  more  readily  obtaining  a  supply  of  timber  for  building 
purposes  and  for  fuel.  The  sharp  dips  of  the  caiion  are  much  flattened, 
a  little  farther  south,  so  that  in  the  course  of  a  few  miles  the  qaartzite 
and  the  lower  portion  of  the  limestone  disappear  beneath  the  upper 
edge  of  the  abutting  Tertiaries  of  the  valley.  A  canon  on  the  east  side 
of  the  mountain  north  of  Keeney's  Station  has  yielded  a  considerable 
amount  of  maple-timber,  a  foot  or  more  through  at  the  butt,  and  30  to 
40  feet  long* 

The  small  stream-valley  which  the  stage-road  follows  runs  over  to  the 
«ast  side;of  the  main  valley  between  the  ridges,  and  leaves  the  Terti- 
£uaes  exposed  in  white  banks  upon  the  slopes  of  the  western  ridge.  Iibu 
Stevenson  reported  having  examined  these  for  fossils  without  succeaa. 

About  eight  miles  frongi  Malade  City,  we  reached  the  divide  betwem 
the  watecs  of  the  Great  Basin  and  those  of  the  Columbia.  The  upper 
lake-terrace,  which  has  been  a  marked  feature  of  the  country  thus  fisur 
upon  our  journey,  with  small  exceptions,  here  becomes  a  litUe  irregolai: 
and  much  washed,  but  apparently  reaches  to  the  very  summit,  as  if  this 
might  have  been  a  point  of  dribbling  outflow  for  the  waters  of  the  great 
lake  when  at  its  highest  level.  This  is  also  true  of  the  point  in  the 
upper  course  of  Bear  Biver,  where  the  Port  Neuf  most  nearly  ap- 
proaches that  stream  in  the  same  broad  valley,  with  only  remnants  of 
the  old  terraces  forming  the  divide  between  them.  The  level  of  the 
divide  between  the  head  of  Marsh  Creek  and  the  Bear  Biver  drainage, 
At  Bed  Bock  Pass,  as  ascertained  by  the  party  of  1871,  indicates  that 
this  was  probably  another  point  of  outflow ;  and  the  divide  between  the 
head  of  the  Malade  and  Bannock  Creek  may  very  probably  have  been  a 
fourth,  since  Captain  MuUan  reports  that  as  ^^  prairie-surface  of  clear 
gravel  formation.'^  (See  Wagon-road  Beport,  1863,  p.  76.)  Time  for- 
bade our  working  out  the  details  of  these  points  by  the  way,  and  I  can, 
therefore,  only  offer  these  suggestions  as  to  points  worthy  of  more  de- 
liberate examination.  Without  any  very  accurate  determinations  of 
levels,  I  am  yet  inclined  to  believe  that  the  terrace-levels  rise  somewhat 
as  we  pass  to  this  northern  rim  of  the  basin,  implying  a  moderate  up- 
heaval of  the  whole  country  in  that  region,  which  may  have  taken 
place  while  the  lake  was  yet  full,  and  so  have  been  the  first  means  of 
separating  the  Great  Basin  from  the  Columbia  drainage.  I  agree,  how- 
ever, with  those  who  hold  that  the  decline  of  the  lake  from  these  old 
terrace-levels  has  been  due  mainly  to  a  climatal  change,  which  decreased 
precipitation,  but  either  left  the  evaporation  constant  or  increased  it. 
These  variations  in  the  lake*level  ^e  still  going  on,  as  is  shown  in  the 
recorded  rise  of  the  surfiBMje  for  about  twelve  years,  until,  two  years  ago, 
it  began  to  decline  again.  I  have  questioned,  in  my  own  mind, 
whether  this  latter  decline  does  not  really  represent  the  result  of  dimin- 


GEOLOGICAL  SUBVEY  OF  THE  TEEEITOEIES.  ^     203 

iahed  rain-fitll  tbeoietically  consequent  upon  the  largely-increased  con* 
sumption  of  timber  in  the  building  and  since  tbe  completion  of  the 
PacU&c  Baikoad.  On  the  other  hand^  upon  the  same  theory,  we  may 
refer  the  previous  rise  to  the  results  of  cultivation  of  land  and  planting 
of  trees,  and  may  expect  that,  as  these  increase,  the  lake  will  again 
begin  to  rise  and  to  spread  over  larger  areas. 

As  we  pass  down  from  the  Malade  divide  into  Marsh  Valley,  the 
Quebec  Group  limestone  and  underlying  (Potsdam  f )  quartzite  outcrop 
on  oar  right,  until  the  valley  spreads,  and  they  disappear  beneath 
the  levd  of  the  lower  terrace.  These  terraces  are  very  strongly  marked 
through  the  whole  length  of  this  valley ;  and  an  upper  one  is  readily 
identified,  though  not  so  prominent,  at  the  level  of  about  1,000  feet 
above  the  stream.  They  are  on  too  large  a  scale»  and  the  valley  is  too 
wide,  to  have  resulted  from  merely  the  drainage  of  the  small  area  of 
mountains  about  the  head  of  the  stream ;  and  I  am  strongly  of  the 
opinion  that  this  must  have  been  at  one  time  the  channel  for  a  large  out- 
flow from  the  Great  Basin. 

Bain  caused  us  a  day's  delay  at  Watson's  ranch,  (formerly  Garpen- 
Ua^)  but  on  the  next  day  (July  1)  we  moved  onward,  though  showers 
still  contiDued.  At  Watson's,  a  roiad  turns  off  to  the  upper-  cafkm  of 
the  Port  Neuf,*  through  which  it  passes  to  the  head-waters  <rf  that 
stnuD,  where  it  meets  the  Soda  Springs  road,  and  then  crosses  the 
divide  to  Fort  HaU.  We  had  proposed  to  follow  this,  but  found,  that 
fte  river  was  still  high  and  the  ford»  bad,  so  *that  we  decided  to  con- 
tione  on  the  stage-road.  The  distances  by  the  two  routes  are  almost 
ideoticaL 

The  fiioe  of  the  high  terrace  at  Watson's  consists  of  Quebec  Group 
limestone,  partly  quite  cherty,  with  abundant  characteristic  fpsftUs, 
thongh  mostly  in  fragmentary  condition.  This  is  overlaid  by  heavy 
bedaof  white  quartzite,  followed  by  CarboniBsrous  limestones.  The  dips 
aie  all  easterly,  varying  fh>m  20^  to  40^. 

A  short  distance  above  the  junctian  of  Marsh  Greek  with  tbe  Port 
Xeaf,  we  met  ^tb  tbe  first  appearance  of  the  basalt*rock  which  fills  the 
Great  Snake  Biver  Basin.  It  makes  its  first  appearance  as  a  narrow 
ttnan,  which  fortns  the  floor  of  the  upper  ca£ion  of  the  Port  Neuf 
iliRMigh  its  whole  length,  having  had  its  source  in  one  of  the  old  craters 
atm  standing  near  Soda  Springs,  though  their  fires  have  long  been 
extiactb  A  short  distance  up  the  stream  from  the  point  where  the 
stage-road  strikes  it,  we  found  the  lowest  of  a  long  series  of  calcareous 
spring-deposits,  which  form  a  prominent  feature  of  the  cafLon  for  several 
miles,  damming  the  stream  at  numerous  points,  so  as  to  make  small  but 
pietty  water&Us.  This  lower  dam  is  about  20  feet  high,  but  with  a  per- 
pendicular fsdl  of  only  about  12  feet.  In  the  canon,  the  river  is  some- 
times  one  side  of  the  basalt  and  sometimes  on  the  other.  Where  it 
strikes  the  wider  level  of  the  continuation  of  Marsh  Valley,  it  has  basalt 
on  both  sides  at  first,  but  soon  passes  to  the  right,  where  it  has  dug  out 
a  channel  in  the  upturned  edges  of  the  bordering  limestones,  leaving  the 
basalt  as  a  perpendicular  barrier  on  thaleft,  which  rapidly  increases  in 
height  as  the  stream  descends.  The  surface  of  the  basalt  has,  of  course, 
some  slope,  corresponding  with  that  of  the  valley  at  the  time  of  the 
vohsanio  outflow ;  but  it  is  here  much  more  moderate  than  that  of  the 
present  stream,  which  rushes  along  rapidly,  with  occasional  leaps  of  a 
few  feet  The  foot  and  face  of  the  hill  on  the  east  side  of  the  valley  con- 
sist  of  mosdiy  thin-bedded  limestones  of  the  Quebec  .Group,  dipping 

*  So  named  after  an  old  French-Canadian  trapper. 
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about  2(P  N.  510  ]s.^  and  containing  a  few  fossils.  These  beds  are 
overlaid  by  the  qnartzites  before  mentioned,  which  here  form  a  lofty 
moantain-crest  running  northward  for  many  miles.  As  they  show  here 
great  thickness  and  only  moderate  disturbance,  I  consider  this  a  very 
iiavorable  locality  at  which  to  examine  them  for  fossil  remains ;  but 
none  were  found,  and  the  precise  age  of  the  formation  is  uncertain.  At 
the  angle  of  the  cafion,  a  large  knob  of  the  limestones,  perhaps  500  feet 
in  height,  gives  a  fine  view  of  the  whole  cailon.  From  this  point,  the 
basalt  appears  as  a  high  flat-topped  ridge,  occupying  the  center  of  the 
valley,  on  the  west  side  of  which  the  narrow  valley  of  Goose  Creek  has 
been  hollowed  out  of  the  edges  of  the  lower  qnartzites.  A  small  stream 
also  comes  in  from  the  right,  and  has  changed  its  channel  once  or  twice, 
so  that  a  considerable  knob  of  limestone  and  some  small  ones  of  basalt 
stand  out  in  the  valley ;  but  the  streams  Anally  cross  to  the  left  side  of 
the  valley,  leaving  the  basalt  entirely  on  the  right.  The  road  crosses 
this  for  some  distance,  passing  among  walls  and  piles  of  the  columnar 
rock,  and  then  descends  to  the  lower  level  near  Black  Eock  Station, 
where  the  basalt  abruptly  terminates. 

At  the  angle  of  the  canon,  we  had  turned  sharply  to  the  west,  so  that, 
instead  of  following  the  strike  of  the  strata,  as  heretofore,  we  were  now . 
traveling  directly  across  the  edges  of  the  outcrops.  Soon  after  we  turn, 
we  meet  the  outcrop  of  the  lower  qnartzites,  upturned  at  various  high 
angles  and  strongly  metamorphosed.  The  continuation  of  this  cross- 
section  is  confused :  one  anticline  is  plain  and  others  probably  exist; 
but  qnartzites,  limestones,  calcareous  schists,  all  highly  metamorphosed, 
are  exposed  with  various  dips ;  and  time  and  mosquitoes  forbade  the 
working  out  of  the  details.  These,  however,  though  of  local  interest, 
have  no  general  importance,  since  they  are  not  in  the  direct  line  of  our 
northern  connection. 

Though  we  encountered  mosquitoes  and  gnats  in  very  troublesome 
quantities  at  several  other  points  on  our  trip,  yet  they  nowhere  equalled 
the  mass  which  met  us  between  Black  Bock  Station  and  the  lower  angle 
of  the  canon.  Hundreds  of  thousands,  at  least,  perished  at  our  hands, 
as  we  hastened  through ;  and  such  passages  are  of  daily  occurrence  at 
this  season,  but  with  no  perceptible  decrease  in  their  numbers.  My  im- 
pression is  that  this,  being  a  somewhat  sheltered  point,  is  a  sort  of  gen- 
eral rendezvous  for  those  of  them  who  are  tired  of  facing  the  strong 
winds  which  so  frequently  sweep  over  the  unobstructed  levels  of  the 
broad  Snake  Eiver  plain,  into  which  the  cailon  now  opens,  upon  turning 
northward  again,  after  making  Ave  or  six  miles  of  westing. 

Here,  again,  we  encounter  basalt ;  but  it  seems  to  belong  to  a  lower 
layer  than  that  we  left  at  Black  Bock.  All  over  the  great  plain,  indeed, 
we  find  two  or  more  layers  of  basalt,  separated  by  greater  or  less  thick- 
nesses of  sand  and  gravel,  partly  loose,  partly  consolidated  by  ferrugi- 
nous, silicious,  or  calcareous  cement.  If  two  layers  should  be  found 
superimposed,  at  any  point  in  the  upper  part  of  the  canon,  I  should 
believe  that  they  had  resulted  from  two  distinct  eruptions  from  the 
volcanic  source  before  mentioned.  As  it  is,  it  is  not  impossible  that 
these  layers  in  the  outer  plain  have  been  ejected  from  some  central 
source,  have  overflowed  the  plain,  and  so  have  run  up  into  the  mouths 
of  the  valleys  opening  upon  it.  It  seems  hardly  possible  that,  after 
flowing  seventy  or  eighty  miles,  the  lava  should  still  have  retained 
sufGlcient  fluidity  to  spread  out  in  a  solid  layer  over  the  plain.  What- 
ever the  source,  jbhe  material  had  evidently  become  quite  viscid ;  for,  at 
some  points,  where  it  ran  over  small  inequalities  of  the  surface  beneath, 
it  now  stands  in  low  mounds,  which  would  not  have  been  the  case  if 
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it  had  been  very  fluid.  That  these  mounds  were  not  all  formed  by  an 
undermining  and  sinking  of  the  snrronnding  mass,  to  which  some  of 
them  have  very  properly  been  referred,  is  proved  by  the  tapering  shape 
of  the  closely-fltting  blocks  which  form  the  arch.  But  there  is  still 
room  for  study  on  all  these  points. 

As  the  canon  opens  toward  the  plain,  white  and  drab  friable  sand- 
stones, probably  of  Pliocene  age,  make  their  appearance  on  the  flanks 
of  the  bordering  hills.  As  nothing  of  the  kind  was  apparent  within  the 
canon,  it  would  seem  either  that  the  whole  width  of  the  canon  hafi  been 
thoroughly  scoured  out  since  the  deposition  of  the  Pljocene  beds,  or 
else  that  the  stream  carried  so  much  and  so  rapidly-flowing  water  dur- 
ing the  Pliocene  epoch  as  to  prevent  the  deposition  of  such  beds. 
These  sandstones  dip  about  S(P  K.  11^  W.,  showing  that  the  dis- 
turbances, of  which  we  have  such  abundant  evidence,  continued  to  a 
very  late  period.  The  terraces  themselves  show  no  evidence  of  any 
local  disturbances;  their  levels  were  not  determined,  however,  wit^ 
sufficient  accuracy  to  enable  us  to  judge  whether  or  not  any  general 
upheaval,  such  as  has  already  been  suggested,  might  have  affected  this 
legion. 

Leaving  the  Snake  Biver  plain  at  Boss's  Fork,  we  followed  up  the 
vattey  of  that  stream  some  six  or  eight  miles,  and  then  crossed  a  divid- 
ing ridge  to  Lincoln  Valley  and  Fort  Hall,  which  post  we  reached  about 
noon  on  July  3.  Thus  far  we  had  followed  well-traveled  roads,  and  had 
transported  ovx  baggage  and  provisions  in  wagons ;  but  now  we  were 
soon  to  leave  roads  entirely,  and  accordingly  turned  in  our  wagons  and 
fitted  omt  a  train  of  pack-mules.  During  the  week  thus  occupied,  we  were 
enabled  to  examine  a  considerable  territory  in  the  neighborhood  of  the 
post 

At  Boss's  Fork  we  had  struck  the  line  of  the  old  emigrant-road  across 
tbe  mountains  to  Oregon.  This  road  crossed  from  Green  Biver  to  the 
head  of  Bear  Biver,  down  that  stream  to  Soda  Springs,  thence  across 
the  head  of  Port  Neuf,  and  through  a  low  gap  to  the  head  of  Boss's  Fork. 
Kear  the  mouth  of  Boss's  Fork  it  crossed  Snake  Biver,  and  thence  ran 
in  almost  a  direct  line  past  the  westernmost  of  the  Three  Buttes  to  the 
foot  of  the  Salmon  Biver  Mountains. 

Lmcoln  Valley,  as  a  whole,  is  broad  and  fiat,  with  mostly  gentle 
slopes  rising  to  the  crests  of  the  bounding  ridges.  On  the  wet 
bottoms,  large  quantities  of  a  coarse  grass  are  cut  for  the  stables  at  the 
post  The  slopes  are  covered  with  various  grasses,  sedges,  and  other 
forage-plants,  which  make  flne  grazing  for  nearly  the  whole  year.  In 
this  excessively  dry  atmosphere,  these  plants,  which  are  ripe  and  have 
stopped  growing  by  midsummer,  lose  their  moisture  so  rapidly  as  to 
escape  the  decay  common  in  the  damp  air  of  the  Eastern  States,  and  so 
become  natural  hay  while  still  standing,  and  mostly  retain  their  nutri- 
tions qualities  untU  the  melting  of  the  snow  and  the  setting  in  of  the 
spring-rains,  which  start  the  new  growth  while  occasioning  the  decay 
of  the  old.  Here  in  the  foot-hills,  the  snows  sometimes  lie  deep  enough 
to  prevent  the  stock  from  reaching  the  standing  grass,  and  so  a  supply 
of  hay  is  essential  to  their  wintering.  Only  a  few  miles  westward,  how- 
ever, the  snows  are  generally  so  light  and  melt  so  rapidly  that,  in  an 
ordinary  winter,  no  hay  is  needed ;  and  stock  range  through  the  whole 
winter,  never  even  coming  to  the  ranches  of  their  own  accord.  This 
neighborhood  was  formerly  one  of  the  favorite  winter-rendezvous  of  the 
trappers  and  fur-traders ;  and  the  plains  and  foot-hills  then  supported 
^ast  herds  of  buffalo,  as  well  as  many  antelope,  deer,  elk,  ^nd  bears, 
^e  region  is  now  so  much  frequented  that  none  of  these  animals  are 
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often  seen,  except  when  the  deep  «k>'ws  drive  them  oat  of  the  mount- 
ainsy  and  the  buffalo  is  here  entirely  exterminated. 

Hollows  on  the  northern  slopes,  where  the  snow  lies  late  in  the  9prin^, 
and  BO  furnishes  the  requisite  moisture,  are  mostly  £lled  with  litdie 
copses  of  scrubby  cottonwood.  The  higher  and  more  rooky  parts  of  the 
hiUs  bear  large  numbers  of  stunted  cedars,  {Jnwperus  ooddetUoMs.)  One 
of  these  was  seen,  a  half  mile  east  of  the  fort,  wMch  measured  41  inches 
in  diameter,  while  only  12  feet  high,  a  form  probably  resulting  from,  the 
great  dryness  of  the  atmosphere.  Large  pines  are  brought  from  the 
cafkons  in  th^  north  slopes  of  Mount  Putnam,  (formerly  known  as  Sab- 
lett's  Peak.) 

The  spur  which  divides  Boss's  Fork  from  Lincoln  Valley  seems  to  be 
the  final  .termination  of  the  limestone  ridge  which  formed  the  eastern 
boundary  of  Marsh  Valley  and  of  the  upper  part  of  tiie  lower  ca£lon  of 
the  Port  Neuf,  and  is  mainly  a  monoclinal  ridge  with  strong  easterly 
dips.  Its  culminating  point  is  a  lofty  peak,  now  called  Mount  Putnam, 
standing  about  twelve  miles  south  of  Fort  Hall.  Its  western  base  was 
not  examined ;  but  it  is  evident  that  the  lower  quartzite  forms  a  large 
portion  of  its  lower  face,  followed  above  by  from  200  to  300  feet  of  drab, 
thin-bedded  limestone,  in  which  no  fossils  were  seen ;  then,  from  100 
to  150  feet  of  compact,  coarse,  pebbly  sandstone,  nearly  pure  white ; 
then  several  hundred  feet  of  dark  drab,  pebbly  limestone,  evidently  of 
Quebec  Qroup  age,  though  only  fragmentary  fossils  could  be  found,  with 
the  exception  of  a  single,  (^^Z^fa.  A  covered  space  follows,  i^par- 
ently  underlaid  by  the  continuation  of  the  last-named  limestone,  and 
then  comes  an  outcrop  of  about  50  feet  of  compact,  fine-grainecl,  white 
sandstone,  overlaid  by  from  200  to  300  feet  of  a  light-^ab  vesicular 
limestone,  much  resembling  in  texture  the  Niagara  limestone  of  Indiana 
and  Illinois,  and  probably  representing  either  the  Upper  Silurian  or  the 
Devonian.  Neither  of  these  beds  showed  fossils.  Immediately  above 
come  heavy  beds  of  Garboniferous  limestones,  300  feet  or  more  in  thick- 
ness. Their  lowest  layers  include  some  pretty  pure  limestones,  some  of 
which  are  partly  oolitic  and  contain  great  numbers  of  minute  fossils^ 
the  mass  looking  much  like  the  layers  of  the  Saint  Louis  limestone  at 
the  famous  locality  of  Spergen  Hill,  Indiana,  except  that  the  color  is  a 
dark-bluish  drab.  From  masses  collected  here,  over  forty  species  of 
bracbiopods,  conchifers,  gasteropods,  pentremites,  corals,  and  bryo* 
zoans  have  been  separated,  of  which  Mr.  Meek  has  already  identified 
fourteen  with  well-known  Spergen  Hill  forms.  Mr.  Meek  informs  me 
that  these  are  the  first  distinctively  Spergen  Hill  forms  yet  brought 
from  the  Bocky  Mountains.  It  will  be  remembered  that  a  few  alUed 
forms  from  Little  Cottonwood  Oanon,  Utah,  have  already  been  men- 
tioned in  this  report.  These  beds  are  followed  by  several  hundred  feet 
of  very  cherty  limestone,  rarely  containing  any  fossils,  except  a  large 
Zaphrentis  (Z.  SUmtburyi^)  which  is  very  abundant  in  some  layers.  The 
upper  part  of  the  series  consists  of  mostly  pure  limestones,  from  which 
a  few  specimens  of  Spirifer^  ProAuctuSy  &c,  were  obtained.  The  rocks- 
of  this  series  form  the  upper  part  of  the  western  face  as  well  as  the 
summit  and  eastern  slope  of  Mount  Putnam. 

Passing  northward  along  the  line  of  this  ridge  we  find  it  much  eroded 
and,  in  two  places,  cut  entirely  through  by  small  tributaries  of  Boss's 
Fork.  In  these  gaps,  the  lower  quartzites  outcrop  clear  through  the 
ridge,  while  the  intermediate  knobs  are  capped  with  the  Quebec  group 
limestone.  The  strike  of  the  beds  runs  a  little  to  the  east  of  the  Ime  of 
the  ridge,  so  that  the  Garboniferous  limestones  pass  out  from  the  main 
spur  and  form  the  high  knob  which  stands  at  the  south  end  of  the  main 
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port  of  Lincoln  Valley.  On  the  eastern  slope  of  this  knob  appear  the 
overlying  beds,  consiHting  of  a  few  hundred  feet  of  thin-bedded  ferragi- 
noos  saodstone^  with  few  fossils,  apparently  Carboniferous,  with  a  hun- 
dred feet  or  more  of  bright-red  sandstones,  possibly  Triassic,  followed 
by  I»owB  and  drab  thin-bedded  limestones,  crowded  with  Pseudomanotis,. 
Lingula.  Aviculopecten  (f ,)  &c.,  which  are  evidently  of  Jurassic  age.  The 
dip  of  tnese  latter  beds  is  here  15^,  N.  44^  E. }  and  no  unconformability 
is  eyident  from  the  very  base  of  the  lower  quartzite  to  the  top  of 
the  exposed  beds.  At  other  x)oints  in  the  neighborhood,  however,  cer- 
tain distortions  and  displacements  led  me  to  suspect  a  partial  uncon- 
formabiiity  between  the  Carboniferous  and  the  Jurassic. 

Passing  farther  out  on  the  main  spur,  nearly  to  the  road  running  from 
Fort  Han  to  Boss's  Fork  the,  older  beds  mostly  disappear,  (5nly  a  thin  out- 
crop of  the  shelly  Jurassic  limestones  being  located  by  loose  blocks  in 
the  soil  on  the  west  slopes,  while  the  crest  and  eastern  slopes  of  the 
spur  consist  of  white  and  light-gray  Pliocene  sandstones  and  limestones, 
interlaminated  with  tracbytic  porphyries  and  coarse  volcanic  sandstones, 
all  dipping  about  north  54P  east,  at  angles  varying  from  15<=>  to  30^. 
Iftese  dips,  which  gave  renewed  evidence  of  late  disturbance,  even  later 
than  the  commencement  of  volcanic  eruptions  in  this  region,  continue 
with  little  change  to  the  very  extremity  of  the  spur,  where  the  opposite 
side  of  the  anticlinal  fold  is  also  apparent  in  the  basalts^  which  dip  72^^ 
S.  340  \v.  The  examination  was  not  carried  far  enough  to  ascertain  cer- 
tainly whether  these  tilted  basalts  are,  or  are  not,  continuous  with 
either  of  the  beds  which  floor  the  great  plain. 

On  the  east  side  of  Lincoln  Valley  there  is  either  a  small  fault  or  a 
very  sharp  double  fold.  About  five  miles  south  of  the  fort,  on  the  east 
mde  of  the  road  to  Soda  Springs,  the  Jurassic  shaly  limestones  lie  at  the 
foot  of  the  ridge,  with  a  dip  of  about  35^,  N.  19^  E.,  while  its  higher 
portions  include  sandstones  and  interlaminated  limestones,  probably  of 
Carboniferous  age,  dipping  65^,  N.  45^  E.  A  more  eastern  portion 
of  this  same  ridge  shows  the  other  side  of  a  synclinal  in  these  same 
Carboniferous  sandstones,  dipping  46^,  S.  58^  W.  In  the  axis  of  the 
iyncHnal  the  Triassic  red  sandstone  shows  a  thickness  of  100  feet  or 
more,  at  a  point  about  one  and  a  half  miles  east  of  Fort  Hall,  and  visible 
60m  that  post.  The  most  easterly  portion  of  this  ridge,  approaching 
the  valley  of  Blackfoot  Fork,  exhibits  another  anticlinal  and  another 
synclinal,  the  eastern  edge  of  the  latter  culminating  in  the  highest  point 
of  the  outer  end  of  the  spur,  which  received  from  our  topographers  the 
name  of  Higham's  Peak,  in  honor  of  the  proprietor  of  the  nearest  ranch.. 
Prom  this  high  x>oint  it  becomes  evident  that  the  valley  of  Blackfoot 
96rk  occupies,  for  a  considerable  distance,  the  axis  of  a  broad  anticlinal  f. 
and  considerable  thicknesses,  of  Carboniferous  limestonesare  exposed  on 
Iwtb  sides.  The  immediate  month  of  this  valley  is  rather  wide  and  flat, 
thoQgh  the  channel  of  the  stream  itself  is  comparatively  deep  and  nar- 
row, but,  from  a  point  above  Ave  miles  up,  the  stream  is  for  many  miles 
deeply  cafioned  in  basalt  which  floors  the  valley  as  a  corresponding 
Btmm  does  that  of  Port  Neuf ;  and  it  is  probable  that,  here  as  there, 
the  valley  has  given  exit  to  the  overflow  of  some  volcano  near  its  head, 
which  is  very  near  to  the  head  of  Port  Neuf  and  the  Soda  Springs.  The 
extremity  of  the  dividing  ridge  beyond  Higham's  Peak  consists  of  the 
Carboniferous  sandstones,  nearly  or  quite  to  the  level  of  the  plain.  If  any 
volcanic  rocks  have  ever  rested  upon  it,  they  have  been  so  thoroughly 
mded  as  to  leave  no  trace ;  but  the  ridge  next  east  of  Blackfoot  Fork 
teminates  in  a  mass  of  porphyries. 
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CHAPTEE    II. 

MABKET  LAKE— CRATER  BUTTES— TfiTON  MOUNTADfS— 
HENRY'S  FORK^HENRY'S  LAKE— MADISON  BIVEEt— GEY- 
SER BASIN— REUNION, 

Having  completed  our  outfit,  through  the  kind  assistance  of  Gaptaia 
Putnam  and  his  aids,  who  did  all  in  their  power  to  forward  our  plans, 
though  at  the  same  time  showing  such  courteous  hospitality  that  we 
were  loth  to.  leave  them,  we  started  again,  on  the  12th  of  July^  and 
camped  at  Higham's  ranch,  on  Blackfoot  Fork,  after  a  drive  of  only 
seven  miles.*  This  stream  was  named  after  the  well-known  Indian  tribe, 
whose  warriors  once  infested  this  region  to  the  great  discomfort  and 
danger  and  frequently  loss  of  the  trappers  and  traders  passing  through 
or  wintering  near  here.  At  present  members  of  the  tribe  are  rarely,  if 
ever,  seen  on  this  side  of  the  mountains,  and  the  generally  peaceable 
tribes  of  Shoshones,  Bannocks,  and  Bois^s,  whose  reservation  reaches  to* 
the  southern  bank  of  the  stream,  were  the  only  ones  seen  by  our  party 
on  the  entire  trip. 

Either  westerly  winds  or  the  waves  of  the  old  lake,  which  is  supposed 
to  have  covered  this  broad  plain,  have  accumulated  in  this  neighbor- 
hood considerable  bodies  of  fine  sand.  As  we  approach  the  mouth  of 
Lincoln  Valley  we  encountered  broad  stretches  of  this  sand,  partly 
covered  with  a  scattered  vegetation,  partly  bare  and  drifting.  On  one 
of  these  drifting  patches  lies  the  bleached  trunk  of  a  large  cottonwood, 
though  no  such  trees  are  now  to  be  found  for  miles  around.  Has  the 
gradual  drying  up  of  the  country  only  recently  permitted  the  sands  to 
drift  and  accumulate  here  f  And  did  its 'accumulation  kill  off  a  formerly 
extensive  growth  of  trees  at  this  point  f  Here  also  appears  the  first  of 
a  long  range  of  sand-knobs,  which  are  seen  at  short  intervals  for  some 
miles,  until  they  finally  are  lost  in  the  irregular  sand-plain  along  the 
lower  course  of  Sand  Creek. 

.  The  road  we  are  now  following,  between  Boss's  Fork  and  Taylor's  • 
bridge,  is  much  used  by  drovers  and  freighters,  when  they  are  going 
south  with  empty  wagons.  Being  less  traveled  than  the  stage-road, 
which  follows  directly  up  the  river,  the  grazing  is  generally  better,  while 
the  distance  is  about  the  same,  and  the  grades  over  the  ridge  west  of  Fort 
Hall  are  not  very  steep,  being  only  about  88  feet  to  the  mile. 

A  fine  young  greyhound  had  accompanied  us  from  the  post,  but  the 
march  of  thirteen  miles,  from  Blackfoot  Greek  to  Sand  Greek  crossing, 
under  a  scorching  sun  and  without  water,  was  too  much  for  her  endur- 
ance, and  she  died  of  thirst,  about  a  mile  from  our  camp  on  the  latter 
stream.  This  creek  is  said  to  have  been  entirely  dry  on  June  24, 1871, 
when  crossed  by  Dr.  Hayden's  party,  and  we  accordingly  attributed 
its  fullness  at  the  time  of  our  arrival  solely  «to  the  unusually  large  sup- 
ply of  water  furnished  by  the  immense  snow-fall  of  the  previous  winter; 
but,  upon  our  return  in  October,  we  found  its  channel  still  carrying 
from  12  to  15  feet  of  water,  and  were  obliged  to  look  to  some  other 
source  for  the  change.  Our  guide,  Richard  Leigh,  generally  known  as 
"Beaver  Dick,"  who  has  long  lived  in  this  region,  informed  us  that  for 
many  years  this  channel  bad  carried  no  water  except  during  rains, 
when  it .  gathered  small  amounts  from  its  immediate  banks,  but  that^ 
two  or  three  years  since.  Willow  Greek,  which  had  previously  emptied 
its  waters  into  Snake  River  by  two.  mouths,  one  about  a  half-mile  and 
the  other  about  two  miles  above  Tayloi^s  Bridge,  broke  over  its  banks 
in  time  of  flood  and  poured  part  of  its  surplus  into  Sand  Greek.    Since 
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then,  the  latter  stream  has^  daring  the  spring,  carried  raore  or  less 
water,  which,  however,  has  all  sank  into  the  sanfls  of  the  lower  part  of 
the  channel  before  reaching  Blackfoot,  to  which  it  should  naturally  be 
tribatarj,  if  we  may  judge  by  the  shape  of  the  country  as  seen  from 
Higham's  Peak.  Indeed,  from  that  point,  certain  water-courses  were 
seen  which  lead  me  to  suspect  that,  after  once  sinking,  it  again  escapes 
from  the  sand  and  renews  its  individuality,  at  least  for  a  short  space. 
At  present,  it  is  evident  that  the  connecting  channel  has  been  so  deeply 
cat  that  Sand  Creek  carries  far  more  water  than  does  the  original  chan* 
nel  of  Willow  Creek  below  the  separation  j  and,  if  this  continues  to  be 
the  case,  it  is  not  improbable  that  it  may  succeed  in  clearing  away  the 
sand-obstructions  from  its  lower  channel  and  in  establishing  complete 
sorface-connectiou  with  Blackfoot.  The  tracing  of  these  old  channels — 
and  of  others  which  doubtless  exist  in  this  broad  flat  plain — and  the  de- 
termination of  the  relative  dates  of  their  occupation  will  be  of  much 
local  interest  to  geologists  who  may,  in  the  future,  make  their  homes 
heceaboat.  On  the  upper  course  of  Sand  Creek^  later  in  the  season,  we 
foond  many  shells  in  the  soil  of  the  banks,  giving  further  proof  of  the 
lateral  movements  of  the  old  channels,  wliile  yet  the  general  course  of 
the  drainage  was  unchanged. 

Grossing  Snake  Kiver  at  Taylor's  or  Eagle  Eock  Bridge,  we  encamped 
4m  its  west  bank,  about  seven  miles  above.  The  stream  was  very  full, 
eanying  an  immense  body  of  water,  whose  surface  was  constantly  broken 
by  the  eddying  whirls  characteristic  of  irregular  bottoms.  After  a  long, 
hot  day,  the  temperature  of  the  stream,  at  G.20  p.  in.,  was  62^,  the  air 
being  at  78^.  At  4.20,  on  the  next  morning,  with  the  air  at  47^,  (the 
minimum  thermdmeter  marking  44P,)  the  river  was  still  at  62^.  Only  a 
very  large  and  much*distarbed  flow  of  water  could  thus  escape  all  effects 
of  80  great  an  atmospheric  change  of  temperature. 

A6  medium  and  low  stages  of  water,  the  river  is  confined,  at  the 
Mge,  to  a  single  narrow  and  deep  channel,  worn  in  the  basalt ;  but,  in 
tikes  of  flood,  it  here  occupies  two  bridged  channels,  and  elsewhere 
^reads  considerably  upon  its  banks.  On  either  side  there  are  old 
cbannels,  more  or  less  plainly  marked,  which  were  occupied  by  the 
stream  at  times  before  it  had  worn  its  present  channel  so  deep  into  the 
rock.  In  passing  northward,  we  found  many  of  thege,  mostly  dry, 
though  some  of  them  are  occupied,  during  the  rainy  season,*  by  the 
drainage  of  the  neighboring  plain  and  retain  some  pools  through  most 
of  the  year.  The  road  here  follows  the  bottoms,  without  anywhere 
rifiiDg  to  the  level  of  the  surrounding  plain. 

On  the  morning  of  July  16,  we  left  the  stage-road  at  Market  Lake 
Station,  and  turned  eastward  toward  the  T^tons,  whose  highest  peak  had 
been  visible  at  intervals,  just  above  tj^e  horizon,  ever  since  we  crossed 
the  river.  The  basal^terrace,  which  here  stands  from  50  to  60  feet  above 
tbe  stream,  is  much  broken  near  its  borders,  the  edge  being  more  or  less 
ODderinined  and  sunken.  At  short  distances  within  the  borders  are 
many  depressed  areas,  occapying  a  few  acres  each,  whose  walls  appear 
to  have  once  inclosed  small  ponds;  but  these  have  long  since  been 
drained  through  the  underlying  sand  and  gravel,  when  the  river  cut  its 
^ibannel  to  this  lower  level.  Here,  again,  we  see  many  of  the  unbroken 
knolls  of  Ibasalt,  evidently  consequent  upon  the  shape  of  the  underlying 
mr&ce  at  the  time  of  the  overflow. 

Since  leaving  Sand  Creek,  we  had  had  constantly  in  view  two  rounded 
bnttesof  moderate  elevation,  which  were  now  immediately  in  front  of  us. 
As  we  approached,  we  found  that  they  stood  in  the  lower  angle  between 
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Henry's  Fork  and  the  main  Snake  Eiver,  and  were  separated  from  the 
basalt  plain  to  the  we^t  by  a  broad  depression  of  Springy  gronnd,  which 
is  probably  occupied  by  the  river  in  times  of  flood.    This  was  probably 
once  a  channel,  if  not  the  main  one,  of  Henry's  Fork.    It  is  even  possi- 
ble that  this,  with  the  valley  on  the  east  side  of  the  buttes,  formed  one 
broad  river-plain  before  the  eruption  of  these  hills ;  for  these  Grater 
Buttes,  as  we  called  them,  are  old  volcanic  vents.    The  more  northern 
was  examined  with  some  care.    It  rises  about  500  feet  above  the  river, 
upon  an  oval  base  of  about  one  by  one  and  a  half  miles  in  diameter.    Its 
crest  is  rugged,  showing  some  small  cliffs,  while  its  slopes  consist 
mostly  of  sliding  sand,  both  fine  and  coarse,  and  are  mostly  more  or  less 
covered  with  a  straggling  growth  of  bushy  shrubs  and  small  pines  and 
cedars.     Its  crater  is  about  a  half  mile  long  by  about  a  quarter 
mile  wide  and  perhaps  150  feet  deep.    At  one  or  two  points,  small 
quantities  of  pretty  compact  lava  were  found  in  thin  layers;  but  the 
mass  of  the  rock  exposed,  inside  and  out,  is  mainly  a  sandstone,  thinly 
laminated  and  very  friable,  consisting  of  comminuted  scoriaceous  and 
compact  lavas,  including  many  well-rounded  pebbles  of  quartz  and 
partially-rounded  masses  of  basalt  aad  other  forms  of  lava.    These  peb- 
bles evidently  came  out  of  one  of  the  beds  of  river-gravel  which  are  in- 
terlaminated  with  the  basalt  layers,  and  assist  in  proving  the  compara- 
tively recent  date  of  the  construction  of  these  cones.    The  stratification 
of  the  sandstone  mostly  corresponds  closely  with  the  slopes  of  the  in- 
terior and  exterior  surfaces,  changing  from  very  steep  to  nearly  horizon- 
tal as  we  reach  the  foot  of  the  butte.     The  layers  are,  I  think,  more 
regular  than  they  would  have  been  if  deposited  sub-aerially,  in  the 
midst  of  rain;  and  I  am,  on  the  whole,  strongly  impressed  with  the 
belief  that  the  eruption  and  deposition  were  sub-aqueous,  and  took  place 
when  this  whole  plain  was  covered  by  the  waters  of  a  lake.    A  small 
secondary  crater,  from  200  to  300  feet  across,  was  noticed  on  the  crest 
of  this  cone  near  the  northwest  comer.     The  main  crater  opens  towanl 
the  southeast ;  but  no  lava-stream  was  found  there.    The  more  southern 
cone  was  visited  by  Mr.  Bechler,  who  reports  its  crater  as  rather  larger 
and  not  quite  so  deep  as  that  just  described.    The  two  cones  are  united 
at  the  base,  and  their  combined  deposits  make  something  of  a  platform 
about  them.    Tl|is  is  more  or  less  washed  up  to  about  50  or  60  feet,  as 
though  the  waters  had  been  for  some  time  ponded  about  their  base,  and 
waves  had  been  dashed  against  them.    This  erosion  has  sepaittted  some 
masses  of  the  sandstone  from  the  platform.    One  of  these,  in  approach- 
ing from  north  or  south^  made  a  prominent  feature  of  the  landscape,  and 
was  named,  by  Mr.  Adams,  '^Eenil worth  Castle,"  from  a  supposed  re- 
semblance to  those  famous  ruins.    The  sandstone  is  irregular  in  its  degree 
of  solidity,  and  has  weathered  out  into  chamber-like  hollows,  sometimes 
reaching  far  enough  in  to  make  comfortable  shelters,  some  of  which  have 
evidently  afforded  temporary  protection  to  Indians,  while  others  are 
partly  filled  with  accumulations  of  sticks  forming  the  beds  of  wild 
beasts.    The  weathering  has,  in  some  places,  worn  passages  completely 
through  projecting  masses,  which  thus  take  the  form  of  flying  buttresses. 
Under  the  eastern  overhanging  side  of  this  block,  there  were  numerous 
rude  carvings,  representing  men,  horses,  bisons,  cranes,  jack -rabbits, 
bears'  claws,  &c.,  evidently  cut  by  Indians  in  recent  times.    The  rock 
weathers  away  too  rapidly  to  allow  us  to  attribute  any  great  antiquity 
to  these  figures.    They  are  evidently  only  the  scratchings  of  an  idle 
hour.    This  fragile  sandstone  apparently  never  continued  across  the 
western  channel  to  the  basalt-terrace ;  and  from  this  fact,  as  well  as  from 
the  indications  already  named,  I  infer  that  the  valley  in  the  basalt-plain 
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had  i)e€n  mainly  eroded  before  the  ponding  of  the  waters  and  the  vol- 
canic eruptions  which  these  buttes  record. 

The  valley  on  the  east  of  the  butfes  is  flat  and  partly  swampy  for  a 
considerable  distance  on  either  side  of  the  stream,  forming  very  valaa- 
ble  stretches  of  farm-land,  though  the  lower  portions  are  liable  to  over- 
flow during  the  spring-floods.  Large  quantities  of  hay  are  cut  here  for 
use  at  the  neighboring  stage-stations,  and  two  or  three  trappers  com- 
monly winter  in  the  immediate  neighborhood,  since  their  stock  here  And 
abondant  feed  all  the  season.  The  water  of  ilenry's  Fork,  having  been 
tamed  from  its  direct  course  by  the  volcanic  eruptions,  now  flows  for 
$ome  miles  up  a  channel  parallel  with  the  Snake  before  being  able  to 
find  exit  into  that  river. 

The  surface  of  the  basalt  is  exposed  here  in  places,  and  shows  a 
striated  structure,  with  lines  of  elongated  bubble-like  cavities,  such  as 
we  might  expect  to  find  on  the  surface  of  a  viscid  fluid  inflated  with 
gas,  and  running  slowly  down  a  very  gentle  incline.  The  course  of  this 
strocture  is  about  north  38^  east,  nearly  corresponding  with  the  direc- 
tion of  the  lower  half  of  the  valley  of  Henry's  Fork,  and  indicates  a 
probable  source  of  volcanic  outflow  toward  the  head  of  that  stream. 
Here  we  caught  the  first  of  the  fine  trout  which  fill  these  mountain- 
streams,  and  which  afterward  so  frequently  eked  out  our  scanty  camp- 
fare. 

We  here  left  the  valley  of  the  main  stream,  which  now  bends  off  to  the 
southeast,  and  turned  up  that  of  Henry's  Fork.  This  stream  was  named 
after  one  of  the  partners  of  the  Missouri  Fur  Company,  who,  in  1810, 
bnilt  a  fort  on  the  banks  of  this  stream  about  twenty-five  miles  from  its 
month. 

About  ten  miles  above  the  Crater  Buttes,  a  low  double-crested  knob 
makes  a  prominent  appearance,  though  it  rises  only  75  or  80  feet  above 
the  plain.  It  consists  principally  of  laminated  trachyte,  with  much 
scattered  brown  and  brick-red  scoria.  This  was  probably  an  old  vol- 
canic vent,  though  so  much  material  has  been  worn  away  that  nothing 
like  a  crater  can  now  be  traced. 

Four  or  five  miles  due  north  from  here  stand  the  so-called  Sand  Hills, 
more  properly  the  Sand  Hill  Mountains.  As  we  approach  we  find  them 
fiononnded  by  a  belt  of  sand-dunes,  from  a  half  mile  to^a  mile  in  A^dth, 
and  reaching,  on  the  south'side  of  tne  mountains,  elevations  of  250  and 
300  feet  above  the  plain,  though  not  more  than  100  or  150  feet  high  at 
the  eastern  end.  The  central  portion  of  this  belt  is  almost  entirely 
barren,  consisting  of  fine,  drifting,  gray,  and  ferruginous  quartz-sand, 
with  some  comminuted  lava ;  only  here  and  there  a  few  straggling  shoots 
of  a  long-rooted  grass  appear.  The  glare  of  these  uniform  surfaces  was 
almost  as  dazzling  beneath  the  mid-day  sun  as  if  they  had  been  of  snow. 
From  die  hollows  the  sand  has  been  mostly  blown  away,  while  the 
coarser  materials  are  left,  forming  a  sort  of  pavement  of  sometimes 
large  masses  of  x>orous,  gray  trachyte,  and  again  small  bits  of  the  satne 
mingled  with  fragments  of  brick-red  scoria,  chalcedony,  agate,  and'silici- 
fied  wood.  The  first  impression  was  that  these  vast  accumulations  of 
sand  marked  roughly  an  old  lake-level  against  this  island^like  mountain ; 
bat  I  afterward  l^came  satisfied  that  the  sole  agent  in  the  case  had  been 
the  vehement  southwest  winds,  which  sweep  over  the  broad  plain  and 
break  against  these  isolated  x><>ints,  piling  up  the  sand  in  these  huge 
drifts.  The  surfaces  of  the  drifts  are  everywhere  beautifully  marked 
with  wind-ripples,  except  at  the  very  summits  of  the  various  little 
ridges,  where  the  winds  pile  it  into  steep  crests,  on  the  lee  side  of  which 
the  sand  lies  at  so  sharp  an  angle  as  to  slide  at  the  least  touch,  and  so 
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retains  no  wind-marks.  At  the  angle  of  38^  the  sand  will  rest  for  an 
instant,  but  apparently  holds  no  permanent  position  when  the  angle  of 
slope  is  greater  than  33^.  The  upper  and  lower  edges  of  the  dunes 
are  marked  by  dense  thickets  of  sage-brush.  Above  the  dunes  the 
base  of  the  mountain  shows  solid  foundations  of  trachytes,  covered  witk 
considerable  groves  of  cedar,  from  12  to  15  feet  high.  Then  follow  cov- 
ered slopes,  thickly  beset  with  Jersey  tea  {Ceanothtts  velutinus)  and  snmac, 
(Rhus  gluher^)  and  spotted  with  blossoms  of  Oeranium  RichardsonUj  and 
various  Composita3  and  Umbelliferae,  and,  finally,  irregular  masse^s  of 
coarsely-porous  trachyte  cap  the  crests  at  the  height  of  about  1,200  feet 
above  the  valley.  The  range  is  a  double  one,  the  southern  portion  being 
the  longer  and  larger,  which  runs  about  northeast  and  southwest  for 
perhaps  ten  miles,  with  a  moderate  southern  slope,  much  broken  into 
long  spurs,  and  a  steep  northern  one,  descending  almost  unbroken  into 
a  valley  perhaps  200  feet  above  the  plain,  and  about  a  mile  wide,  which 
opens  westward,  and  has  thence  been  filled  with  the  barren  drifting 
sands.  These  have  been  blown  into  drifts  reaching  to  the  very  crest  of 
the  more  northern  ridge,  which  attains  the  same  elevation  as  the  other, 
with  generally  steep  southern  slopes,  but  apparently  somewhat  spurred 
on  the  northern,  where  it  descends  to  the  plain.  The  range,  as  a  whole, 
has  no  apparent  connection  with  any  other,  the  rocks  have  no  definite 
bedding,  and  I  am  inclined  to  believe  that  the  two  main  ridges,  facing 
each  other  with  steep  slopes,  may  be  fragments  of  the  bounding  walls 
of  a  huge  craterj  whose  fires  were  extinguished  long  before  the  eruption 
at  the  Crater  Buttes  commenced,  and  even  before  the  eruption  of  at 
least  the  later  of  the  basalt-layers  which  floor  the  plain. 

Looking  southwestward  from  these  crests,  we  see  the  rough,  almost 
impassable,  basalt-plain,  thickly  overgrown  with  sage-brush,  stretching 
away  toward  Market  Lake.  To  the  west  and  northwest  spread  the  bar- 
ren sands  of  the  dunes,  which  are  several  miles  in  width  where  crossed 
by  the  stage-road,  near  Sand-Holes  Station.  These  also  extend  north- 
ward, and  their  eastern  edge  forms  a  ridge  from  100  to  150  feet  high, 
joining  the  Sand-Hill  Mountains  to  the  main  divide  of  the  Eocky.Mount- 
ains  near  Camas  Creek,  and  forming  the  western  border  of  the  valley 
of  Henry's  Fork.  These  absorbent  sands,  and  the  cracked  and  cavern- 
ous basalt  with  ©and  and  gravel  foundations  together,  may  well  account 
for  the  fact  that,  from  near  the  head  of  Henry's  Fork  to  the  Malade 
Eiver,  which  enters  below  the  Great  Shoshone  Falls,  a  distance  of  fully 
three  hundred  miles  by  the  river,  no  stream  joins  the  Snake  by  a  sur- 
face channel,  though  several  good-sized  ones  reach  the  plain  from  the 
Salmon  Eiver  Mountains.  Along  the  bank  of  the  Snake,  however,  at 
several  points,  there  are  large  cold  springs  escaping  from  the  basalt ; 
and,  in  the  lowet  part  of  the  region  named,  several  large  streams  are 
said  to  leap  boldly  from  the  walls  of  the  canon,  thus  escaping  from  the 
subterranean  channels  to  which  they  have  been  confined  for  many  miles. 

The  low  plain  bordering  Henry's  Fork  on  the  west  is  from  two  to 
eight  or  ten  miles  in  width,  partly  well  grassed,  though  with  many  dense 
patches  of  sage-brush.  About  halfway  between  the  Sand-Hill  Mountains 
and  the  river,  there  is  a  low  hill,  in  the  shape  of  a  horseshoe,  opening 
to  the  south,  which  apparently  was  once  a  crater;  but  it  has  now  been 
so  much  worn  away  and  covered  with  soil  that  no  rock  is  visible. 

Nearly  opposite  the  Sand-Hill  Mountains  we  crossed  Henry's  Fork,  at 
Eagle-Nest  Ford.  The  river  is  here,  perhaps,  three  hundred  yards  wide, 
with  from  one  to  three  feet  of  water,  with  pebbly  bottom,  a  bluff  bank 
on  the  west  side  and  a  low  one  on  the  east,  which  is  overflowed  during 
the  spring  freshets,  so  as  to  double  the  width  of  the  stream.    At  that 


GEOLOGICAL  SURVEY  OF  THE  TERRITORIES.       213 

date,  July  17,  the  pools  left  by  the  freshets  had  not  quite  disappeared. 
From  a  short  distance  above  the  ford,  the  river  flows  over  a  basalt-bot- 
tom for  some  miles,  occasionally  cntting  rather  deeply  and  leaping  over 
small  falls,  but  generally  having  low  banks. 

Thus  far,  we  had  been  accompanied  by  a  large  wagon  from  Fort  Hall, 
which  carried  some  of  our  heaviest  supplies,  so  that  our  pack-animals 
might  become  accustomed  to  light  loads  before  receiving  heavy  ones. 
Having  now  reached  the  limit  of  convenient  wagoning,  though  it  would 
have  been  pos$ible  to  take  vehicles  even  to  the  very  base  of  the  T^ton 
range,  we  sent  the  wagon  back,  and  si)ent  one  day  in  re-arranging  packs 
and  in  examining  the  proposed  route  up  Teton  fiiver,  or  Pierre's  Biver, 
as  it  is  more  properly  called,  since  this  latter  name  was  long  since  com- 
monly applied  to  it  among  traders  and  trappers,  as  well  as  upon  maps 
of  the  region.  The  trappers  of  the  present  day,  having  little  or  no 
knowledge  of  the  names  used  by  their  predecessors,  have,  of  course, 
applied  their  own  terms  to  the  landmarks  with  which  they  are  familiar; 
bat  the  adoption  of  these  by  geographers  would  be  contrary  tiD  all  rules. 

Upon  examining  Pierre's  River  about  six  miles  south  of  our  camp,  at 
a  point  not  far  above  its  junction  with  Henry's  Fork,  Mr.  Stevenson  re- 
ported it  as  occupying  a  deep  though  narrow  channel,  walled  on  either 
dde  by  perpendicular  cliffs  of  basalt,  60  feet  in  height,  which  frequently 
come  to  the  water's  edge,  so  as  to  make  travel  along  the  bottoms  im- 
possible. Our  guide,  Beaver  Dick,  stated  that  these  cliffs  increased 
rapidly  to  several  hdndred  feet  in  height,  rendering  the  stream  unap- 
proachable by  stock  for  over  thirty  miles.  As  we  were  not  in  condition, 
being  so  heavily  loaded,  to  make  so  long  a  march  without  water,  we 
tamed  northward  for  a  few  miles,  to  pass  up  the  valley  of  the  next 
tributary,  which  Beaver  Dick  called  the  middle  fork  of  the  Snake. 
Since  neither  by  position  nor  by  size  is  this  stream  entitled  to  be  con- 
sidered a  fork  of  the  main  Snake,  we  have  applied  to  it  another  name. 
Falls  Biver,  for  reasons  which  will  appear  later  in  this  report.  Camping 
JQSt  above  where  we  struck  the  stream,  we  found  it  about  3  feet  ^eep 
and  from  50  to  60  feet  wide.  On  the  opposite  bank,  a  bluff  of  basalt, 
about  30  feet  high,  showed  a  distinct  prismatic  structure  through  the 
upper  10  feet,  while  the  central  portion  was  amorphous  and  the  lower 
5  feet,  again  prismatic,  the  whole  looking  as  if  thQ  upper  and  lower 
portions  bad  been  affected  by  rapid  cooling  and  consequent  contraction 
of  the  surfaces  of  the  sheet  of  lava,  while  the  central  portion,  cooling 
much  more  slowly,  did  not  reach  the  same  state  of  tension.  Just  above 
camp,  on  the  south  side  of  the  stream,  there  is  a  considerable  bluff  of 
light-pink  porous  porphyry,  with  an  indistinct  bedding,  apparently  up- 
tamed  nearly  to  verticality,  with  a  nearly  north  and  south  strike.  The 
opbeaval  evidently  occurred  before  the  How  of  the  basalt. 

As  we  leave  the  valley  of  Henry's  Fork,  July  20,  the  country  rises, 
and  becomes  more  broken  and  rolling.  The  abundant  growth  of  grasses, 
sedges,  and  other  flowering  herbs  shows  plainly  that  only  slight  irriga- 
tion would  be  necessary  to  make  this  valuable  farming-laud ;  and  some 
crops  would  succeed  without  that.  Most  of  it  would  be  fine  land  for 
stock-raising,  the  only  exceptions  being  those  portions  along  deeply- 
ea&oned  streams,  where  water  is  difficult  of  access.  We  bore  a  little  to 
the  southward  to-day,  toward  the  upper  waters  of  Pierre's  Biver. 
About  eight  miles  from  camp,  two  rocky  knolls,  rising  about  50  feet 
above  their  connecting  saddle,  and  perhaps  350  or  400  feet  above  the 
nearest  creek,  mark  two  points  of  the  rim  of  an  old,  broken-down  crater, 
which  faces  nearly  due  east.  The  lava  is  a  laminated  mixture  of  quartz, 
obsidian,  and  feldspar ;  but  no  mass  seemed  to  be  in  sittij  so  that  direc- 
tion of  structure  could  not  be  determined. 
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As  we  approach  camp  on  Conant  Creek,  there  is  a  marked  change  iu 
the  flora,  from  that  of  the  dry  plains,  which  are  mostly  bare  through 
the  winter,  to  that  of  the  wetter  hills,  on  which  the  snow  then  lies  in 
drifts.  Aspens  begin  to  appear  in  considerable  numbers,  and  antelopes 
are  becoming  rather  abnndant. 

July  21.— The  country  is  becoming  much  more  rolling,  with  a  slight 
general  slope  of  the  surface  toward  Pierre's  Eiver.  Eeaching  the  lowest 
tributary  of  that  stream,  we  found  it  flowing  between  nearly  vertical 
banks,  from  250  to  300  feet.high,  the  lower  parts  of  which  are  composed 
of  light  and  dark  pink  compact  porphyries,  mostly  ringing  under  the 
hammer,  while  the  upper  beds  consist  of  gray  basalt,  somewhat  poioas 
and  partly  coarsely  vesicular.  On  the  hills  between  the  streams,  porous 
I)orphyritio  trachytes  reach  the  highest  crests.  Crossing  the  cailoD,  we 
camped  on  a  small  run  which  falls  over  the  bluff  jast  below.  The  cafion 
has  here  a  very  tortuous  course.  Mr.  Bechler  descended  to  its  junction 
with  that.of  the  main  stream  of  Pierre's  River,  and  found  it  everywhere 
bounded  by  nearly  vertical  walls,  here  from  600  to  700  feet  in  height. 
The  last  rattlesnake  seen  on  the  trip,  so  far  as  reported,  was  killed  near 
this  point.  These  reptiles  are  said  to  be  always  rare  in  the  higher  parts 
of  the  mountains.    Strawberries  were  abundant  at  this  camp. 

The  peak  of  the  Grand  T^ton  had  been  gradually  rising  as  we  had 
approached,  until  now  it  was  so  near  that  strong  glasses  could  give  us 
pretty  good  ideas  of  its  structure.  It  was  now  pjainly  evident  that  this 
was  not  a  volcanic  peak,  as  had  been  reported,  but  that  it  consisted  of 
either  quartzites  or  granites.  The  gravel  which  filled  the  bottom  of  the 
canon  consisted  largely  of  granites,  gneisses,  serpentines,  &c.,  which 
gave  sure  indications  of  the  existence  of  these  metamorphic  rocks  aboat 
the  sources  of  these  streams ;  so  that  the  probabilities  were  strong  that 
the  central  peaks  would  prove  to  be  granitic.  A  few  limestone-peb. 
bles  were  also  seen,  but  these  were  mostly  pretty  well  ground  up. 

From  near  this  camp  there  is  a  general  depression  of  the  surface, 
stretching  across  to  the  nearest  point  of  Pierre's  Hole,  (or  Teton  Basin, 
as  it  is -sometimes  called,)  and  suggesting  the  possibility  that  it  may 
have  been  a  broad  stream-valley,  after  the  outflow  of  tbe  basalt  and 
before  the  erosion  of  the  canons.  If  this  were  ever  the  case,  the  weath- 
ering of  the  slopes  has  destroyed  any  distinct  channel,  and  so  has  ren- 
dered a  decision  of  the  case  very  difficult.  By  very  moderate  slopes  we 
descended  into  Pierre's  Hole.  This  has  a  nearly  plain  surface  for  a 
length  of  about  twenty  miles  and  a  breadth  varying  from  about  five  to 
twelve  or  fifteen  miles,  beyond  which  limit  gentle  slopes  stretch  up  far 
among  the  foot-hills.  The  general  slope  of  the  plain,  as  a  whole,  is  so 
extremely  gradual  that  the  flow  of  the  streams  which  pass  through  is 
very  much  checked,  so  as  to  cause  broad  stretches  of  swampy  ground 
along  their  banks,  which  are  nor  at  all  bettered  by  being  occupied  by 
numerous  beavers.  Many  of  the  small  streams,  as  they  emerge  from 
the  mountains,  are  divided  into  several  channels,  which  take  very  dif- 
ferent courses  to  the  river.  Most  of  the  plain  is  thickly  covered  with  a 
luxuriant  growth  of  grasses  and  other  good  forage-plants,  though  some 
small  areas  are  sandy  and  comparatively  barren.  Abundant  supplies 
of  water  for  irrigation,  if  this  should  ever  become  necessary,  can  be 
had  at  the  mouth  of  every  little  cafion.  The  seasons  are  probably  too 
short  for  corn,  but  wheat  should  succeed  well  here.  Considering  the 
richness  of  the  soil  and  the  abundance  of  water,  this  is  one  of  the  most 
inviting  valleys  of  the  region,  and  would  doubtless  soon  be  settled  if 
railroads  should  come  within  convenient  distances.  This  was  formerly 
one  of  the  favorite  summer-rendezvous  of  the  old  fur-traders,  and  was 
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the  scene,  in  1832,  of  a  sharp  fight  with  Blackfoot  Indians,  which  is 
vividly  described  by  Irving  in  his  Bonneville's  Adventures.  In  his 
description  of  that  battle  the  woods  are  said  to  have  been  ^'  tangled 
with  vines.''  On  the  other  hand,  the  entire  absence  of  every  kind  of 
vines  from  all  this  region,  with  the  exception  of  scattered  plants  of  ClsTna- 
tissloug  the  banks  of  ditches  and  creeks,  is  one  of  the  notable  features 
along  the  whole  length  of  our  route.  It  is  reported  that  vines  grow 
luxuriantly  on  some  of  the  islands  in  the  Yellowstone  Lake. 

The  extreme  northeastern  angle  of  this  basin  is  occupied  by  a  shallow 
pond  about  five  hundred  yards  in  diameter,  with  marshy  borders,  whose 
surface  was  covered  with  tracks  of  antelope,  deer,  and  elk.  This  pond 
is  supplied  by  springs  bursting  out  at  the  base  of  the  surrounding  foot- 
hills. One  of  these,  of  the  temperature  of  45^,  is  about  50  feet  across 
and  throws  out  a  rapid  stream  10  feet  wide  and  1  foot  deep,  with  a  cleaa 
bottom  of  fine  volcanic  sand.  The  water  evidently  comes  from  the  rap- 
idly melting  banks  of  snow  upon  the  mou tains,  and  finds  its  way  by 
subterranean  channels  through  the  porous  volcanic  rocks  of  the  lower 
slopes. 

Crossing  this  basin,  we  at  length  camped,  on  July  23,  in  the  mouth  of 
the  caiion  of  the  largest  tributary  of  Pierre's  Kiver,  which  is  known  as 
T^on  Greek,  or  Big  T^ton  Greek,  because  it  heads  directly  toward  the  high- 
est l>»ton  and  its  valley  gives  a  fine  view  of  that  peak.  Though  it  heads 
in  the  very  center  of  the  range,  still  it  does  not  gather  the  drainage  of  tho 
T^n  peaks  themselves,  but  that  escapes  into  a  stream  called  T6ton 
River,  which  flows  to  the  east  and  joins  the  Snake  Eiver  in  Jackson's 
Hole.  Under  the  circumstances,  we  can  hardly  displace  either  name, 
and  must  be  satisfied  to  distinguish  them  by  the  use  of  the  adjectived 
titles  East  and  West. 

.  The  valley  which  we  now  entered  is  wider  than  those  of  the  other  trib- 
utaries of  Pierre's  River,  and,  unlike  them,  has  a  broad  tongue  of  the 
prairie  running  up  it  for  two  or  three  miles,  so  that  good  camping- 
places  can  be  found  with  abundant  pasture  for  the  stock,  while  steep 
slopes  on  either  side  will  check  their  propensity  to  stray.  It  had,  there- 
fore, been  selected  for  the  location  of  a  permanent  camp,  while  small 
pwties  were  going  out  in  various  directions  to  explore  the  neighborhood. 

Ilie  lower  slopes  of  the  foot-hills  of  the  range,  up  to  a  height  of  from 
400  to  500  feet  above  the  plain,  consist  of  variously-colored  porphyries^ 
representing  tiie  extreme  edge  of  the  great  volcanic  district,  which  had 
become  so  wearisome  to  us  by  reason  of  its  sameness.  Though  the  line 
of  janction  with  the  older  rocks  was  not  found,  yet  these  latter  outcrop 
at  such  points  as  to  show  that  the  porphyries  were  deposited  against 
originally  steep  slopes.  I  did  not  succeed  in  finding  any  beds  of  por- 
phyry ao  tilted  as  to  indicate  any  modem  continuance  of  the  upheaval 
of  wiiich  the  older  rocks  give  abundant  evidence. 

From  beneath,  the  upper  edges  of  the  porphyries  emerge  first  about 
2,000  feet  of  compact,  often  quite  cherty,  gray  to  drab  Garboniferous 
Hmestones,  mostly  rather  barren  of  fossils,  except  a  few  of  the  lower 
layers,  which  are  crowded  with  ZaphrentiSj  Cyathaxoniaj  Syringoporaj 
ProduetnSj  Spiri/er^  and  other  forms,  mostly  silicified,  and  so  weathering 
OQt  finely  upon  the  surface  of  exposed  slabs.  These  beds,  however,  are 
bat  slightly  exposed,  except  on  the  higher  crests :  where  they  appear 
low  down  in  the  caiions,  they  are  almost  always  covered  up  by  the  dSbris 
of  the  higher  layers. 

Beneath  them  appear  about  600  feet  of  a  heavy-bedded,  drab  to  light- 
hoff  vesicular  magnesian  limestone,  entirely  destitute  of  fossils,  so  far 
&8 1  coald  ascertain,  except  minute  fragments  of  crinoid  stems;  but, 
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from  both  its  character  and  its  position,  I  refer  it,  with  bat  little  doabt, 
to  the  age  of  the  Niagara  limestone  of  the  Upper  Silurian.  •  It  may, 
however,  have  been  dei)08ited  continuoasly  from  the  era  of  the  Upper 
Silurian  to  the  commencement  of  the  Carboniferous  age.  The  bed 
forms  tall,  castellated  cliffs  along  the  canons  wherever  it  is  exposed^ 
adding  much  to  the  beauty  of  the  scenery.  This  is  followed,  in  descend- 
ing order,  by  about  400  feet  of  a  blue,  vety  impure,  thin-bedded  and 
partly  shaly  limestone,  much  of  which  is  a  mass  of  pebbles,  and  from 
the  lower  portion  of  which  Mr.  Taggart  and  I,  after  long-continued 
search,  were  able  to  obtain  a  few  fragments  of  trilobites,  of  the  genera 
Coiiocoryplie  and  DioelloeephaltM  ( f)  These  would  not  be  sufficient  of 
themselves  to  determine  the  precise  age  of  the  strata,  but,  taken  in  con- 
nection with  the  lithological  character  of  the  beds  and  the  identification 
of  precisely  similar  layers  only  a  short  distance  to  the  southward,  they 
justify  the  conclusion  that  this  limestone  is  of  Quebec  Group  age.  The 
thin  lamination  of  the  strata  causes  their  easy  weathering;  so  that  they 
generally  present  slopes  of  debris  rather  than  bluffs  of  solid  rock.  In 
many  places,  however,  these  debris  are  more  or  less  thoroughly  reconsoli- 
dated  by  a  cement  of  the  lime  first  dissolved  and  then  redeposited  by 
percolating  rain-water.  The  rock  is  somewhat  cavernous,  and  gives 
passage  to  numerous  streams  flowing  from  the  melted  snows,  which 
escape  in  large  springs  at  several  points  in  the  canon.  The  water  at 
these  points  is  still  very  cold,  reaching  only  38^  and  40<^,  while  the  air 
was  at  72^.  One  of  these  springs  was  intermittent;  but  its  periods  were 
not  ascertained.  At  another  outcrop  of  these  limestones,  they  are 
immediately  underlaid  by  about  300  feet  of  partly  compact  and  partly 
shaly  glauconitic  sandstones,  which  are  evidently  equivalent  to  the  so- 
called  Knox  sandstones  of  Safford,  which  form,  in  Tennessee,  the  lower 
part  of  the  Quebec  group.  No  fossils  were  seen  in  these  beds.  They 
are  apparently  unequally  distributed,  since  no  corresponding  beds 
appear  along  the  cailon  of  WestT^ton  Creek.  Beneath  them,  and  often 
present  when  they  are  absent,  we  generally  And  from  50  to  75  feet  of  a 
very  compact  ferruginous  quartzite,  which  must  represent  the  Potsdam^ 
though  this  also  is  sometimes  wanting. 

Where  these  lower  limestones  are  first  encountered,  near  the  mouth 
of  the  canon,  they  are  nearly  horizontal }  but,  as  we  pass  in  toward  the 
center  of  the  mountain,  we  find  them  rising  considerably",  until  they 
reach  angles  of  15^,  20^,  and  even  30°,  dipping  westerly  and  south- 
westerly, and  resting  uncouformably  upon  the  edges  of  granites  which 
dip  in  various  directions.  A^  the  forks  of  West  Teton  Creek,  where  the 
granites  are  first  seen,  their^bedding  dips  35°  N.  78^  E.  Up  the  left- 
hand  fork  they  rise  rapidly,  causing  beautiful  cascades  a  hundred  feet 
or  more  in  height,  and  finally  occupying  the  whole  upper  basin  of  that 
stream  and  reaching  the  very  crest  of  the  ridge.  They  also  occupy  the 
valley  of  the  right-hand  fork  for  a  considerable  distance,  forming  smooth, 
bare  cliffs  on  the  left  as  we  ascend,  and  finally  are  exposed  in  broad 
surfaces  on  its  floor.  The  right-hand  wall  of  the  canon  is  abrupt  for 
1,200  feet  or  more,  reaching  well  up  into  the  Carboniferous  limestones, 
the  upper  parts  of  which  form  crests  here  reaching  more  than  3,000  feet 
above  the  caiion  and  about  10,000  feet  above  the  sea. 

The  granites,  gneisses,  and  schists,  which  form  the  central  nucleus  of 
the  mountain,  vary  greatly  in  character  and  position.  They  are  partly 
micaceous,  partly  homblendic,  and  partly  talcose  and  chloritic.  ^o 
regular  succession. was  ascertained.  The  granites  are  mostly  white  or 
tinged  with  pink,  and  occur  in  thick,  solid  beds.  The  other  rocks  are 
much  broken  up  and  tilted  in  various  ways,  and  are  crossed  in  every 
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direction  by  innumerable  large  and  small  veins,  mostly  of  quartz,  bat  a 
few  granitic.  None  of  these  are  metalliferous,  so  far  as  I  could  ascer- 
tain. At  two  or  three  points  there  are  beds  of  trap-rock  from  50  to  70 
feet  thick,  which  appeared  at  first  sight  to  be  dikes ;  but,  upon  further 
examination,  it  became  evident  that  they  lay  conformably  between 
regolarly-bedded  members  of  the  granitic  series,  and  it  seemed  as  if 
they  might  have  been  deposited  as  broad  sheets  of  lava,  like  those 
which  we  have  seen  flooring  the  Snake  Biver  plain,  but  deposited  ages 
ago  in  the  bed  of  the  ocean,  where  were  then  accumulating  the  sedi- 
mentary sandstones  which  were  metamorphosed  into  these  granites 
before  the  Silurian  age  began.  But,  again,  the  trap  shows  no  columnar 
structure,  but  is  indistinctly  laminated  parallel  to  its  walling  planes; 
and  this  would  seem  to  indicate  that  it  might,  when  quite  viscid,  have 
been  forced  with  difficulty  between  the  solid  granites  after  their  up- 
heaTal,  and  so  have  received  its  laminated  structure,  while  between 
walls  of  such  slow-conducting  power  it  did  hot  take  on  the  columnar 
structure.  Or  it  is  possible  that,  having  been  deposited  horizontally 
among  the  sediments,  as  aforesaid,  it  may  have  lost  a  columnar  structure, 
originally  possessed,  during  the  metamorphism  of  the  surrounding  beds. 
The  trap  weathers  much  more  rapidly  than  the  granite;  so  that  its  out- 
crops are  plainly  marked  and  readily  traced  from  a  distance  by  a  sharp 
notch  on  the  crests  as  well  as  by  its  debris  on  the  slopes  of  the  mount- 
ain. One  of  these  beds,  which  crosses  the  saddle  just  south  of  the 
Grand  T^ton,  was  thus  traced  across  the  Great  Canon,  and  up  the  side 
of  its  perpendicular  western  wall,  where  at  least  2,000  feet  high ;  and  its 
termination  was  then  capped  by  the  Potsdam  quartzite,  showing  that  it 
is  at  least  older  than  that  rock.  Both  this  trap  and  its  inclosing  granites 
contain  much  epidote,  partly  compact,  partly  crystalline,  and.  some 
pyrite.  Near  to  this  bed  of  trap  are  two  very  noticeable  beds  of 
granite,  one  being  of  the  deei>est  flesh-red,  the  other  almost  pure  white; 
both  contain  very  little  mica.  The  white  bed  has  its  constituent  minerals 
much  segregated;  so  that  we  find  in  some  places  large  masses  of  pilre 
feldspar,  (orthoclase,)  cleaving  with  broad  surfaces,  and  again  fine  Si)eci- 
mens  of  graphic  granite,  (pegmatite.)  From  a  neighboring  bed  come 
large  masses  of  mica  (muscovite)  tolerably  well  crystallized.  A  few 
smaU  garnets  were  seen,  but  we  found  no  large  or  particularly  good 
crystals  either  of  this  or  of  any  other  mineral. 

While  the  beds  are  generally  so  much  disturbed  as  to  prevent  the  ac- 
curate determination  of  any  regular  or  prevailing  dip,  yet  the  general 
strike  is  approximately  east  and  west ;  and  this  has  determined,  to  some 
extent,  the  structure  of  the  range.  The  spurs  running  east  and  west 
from  each  cr^t-peak  are  each  dotted  with  three  or  four  subordinate 
peaks,  which  would  be  thought  large,  if  they  were  not  belittled  by  their 
larger  neighbors.  The  sharp  dips  cause  the  north  and  south  sides  to  be 
extremely  sharp — even  sharper  than  the  natural  weathering  of  the 
granites,  if  level,  would  have  made  them.  The  highest  of  them  all  are 
visible  from  great  distances  in  every  direction,  both  on  account  of  their 
great  elevation  and  by  reason  of  the  sharp  depressions  on  either  side  of 
them.  From  whatever  point  they  may  be  seen,  there  is  little  danger  of 
mistaking  their  identity,  their  abrupt,  pointed  outlines  being  markedly 
dilTerent  from  those  of  any  other  peaks  of  the  region.  From  their  prom- 
inence, affording  good  landmarks  for  travelers,  they  have  sometimes 
been  called  the  Pilot  Knobs,  (see  Irving's  Astoria,  chap,  xxix ;)  but 
the  name  commonly  applied,  from  the  earliest  times,  is  that  of  T^tons,  or 
Paps.  As  only  three  of  the  peaks  are  usually  seen  at  a  distance,  they 
have  been  called  the  Three  T6tons.    There  are  really  ten  or  more  dis- 
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tiuct  peaks  in  the  range ;  but  those  apon  Ob  northern  and  southern  por- 
tions are  uomewhat  lower  than  the  central 
a      ones,  and  have  more  of  the  high  vestem 
g  .   parts  of  the  range  opposite  to  them,  so  that 
|o   they  are  mostly  hidden  in  that  direction 

■  I'iS   antil  we  approach  qnite  closely. 

°|  .  The  following  section,  (Fig.  46,)  though 
31  the  elevations  are  somewhat  exaggerated, 
^•^  will  give  a  good  general  idea  of  the  country 
■^f~  thus  passed  through  in  coming  &om  Henry's 
sS  Fork  to  the  crest  of  the  T6ton  ranges  The 
3  J  broad,  gradually-rising,  high  terrace  of  ba- 
qH  Bait  and  trachytes,  cut  hy  the  deep  cafions 
^1  of  Pierre's  and  other  rivers,  breaks  down 
aa  into  the  rounded  depression  of  Pierre's  Hole, 
I  tf  whence  the  slopes  of  porphyries  rise  more 
^  |d   rapidly  to  the  still  steeper  outcrops  of  the 

1  ||  Carboniferous  and  other  limestones. 

%  la  These,  again,  are  cut  by  the  deep  cailODS 
a  ^1  of  West  T6ton  Creek  and  others  of  sioiilar 

2  st^  character,  some  of  which  slightly  expose 
I  al  the  granite,  while  some  do  not.  Between 
^  g".  this  western  drainage  (I)  and  the  Great 
i%^  Canon,  (m,)  which  breaks  throagh  the  range 
s  J-H  to  the  eastward,  there  is,  in  some  cases,  a 
I  Jj  block  of  limestones  as  here  represented, 
i  as   while,  in  others,  the  divide  is  entirely  of 

■S-  u  °|  metamorphio  rockg.    Finally  reaching  the 

^  sis  crests,  we  look  down,  over  clean  sheer  grab- 

E  ,>»  k|  ite-walla,  to  the  broad  sage-covered  plain  of 

■  v<g  Jackson's  Hole,  bordered  on  the  other  side 
I  ||g  with  the  rolling  foot-hills  of  the  main  range 
>  -a  a  of  the  Bocky  Mountains. 

B  i"^  We  had  postponed  our  attempt  npon  the 

z  I  o  highest  peak  until  we  could  m^e  it  under 

I  f^  the    most    favorable    circumstances,    and 

E  ^j>  Messrs.  Stevenson  and  Langford  had  made 

"  |S  some  preliminary  examinations,   so  as  to 

I  ^S  select  the  best  route.    Soon  after  sunrise, 

C  J-f  on  July  29,  from  a  temporary  camp  previ- 

^  Sg  ously  formed   at    the   nearest   convenient 

"■a  point,  in  the  right-band  fork  of  the  canon  of 

g  g  West  T^ton  Creek,  we  started  for  the  sum- 

^J  mit.    Cold  streams  fall  in  beautiful  cascades, 

,  |3  for  from  200  to  300  feet,  over  the  cauouwall 

|E  on  oar  left.    Climbing  over  piles  of  loose 

IS  dibris,  from  the  deep  cavities  of  which  we 

j-^  heard  the  frequent  kid-like  bleatof  the  rare 

1^"  little  coney,  Lagomyt  prineep»,  so  seldom 

||  seen,  and  over  rock-slopes  nearly  as  steep 

h>  as  any  we  saw  that  day,  we  reached  the  t«p 

f[  g  of  the  clifl'  and  found  a  broad  valley,  leading 

5H  from  the  very  verge  of  the  cafion-wall  di- 

I''  rectly  toward  the  peak,  bounded  on  either 

^-  side  by  more  or  less  precipitous  walls  of 

Quebec  Gronp  limestone,  above  which  ai>- 

peared  some  isolated  patches  of  the  bed  which  we  have  referred  to  the 
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Niagara  gronp.  Here  we  began  to  encounter  the  masses  of  snow  whose 
melting  supplied  the  cascade- streams.  Up  to  their  very  edges,  the  satu- 
rated ground^  though  not  entirely  hidden,  was  profusely  ornamented  with 
the  large  glossy  blossoms  of  white  and  yellow  butter-cups,  (Banuncultts,) 
maDy  of  which,  indeed,  as  if  tired  of  waiting  for  the  removal  of  their 
coTeriug,  had  burst  through  the  edges  of  the  snow,  where  the  drifts 
were  not  more  than  two  or  three  inches  d^ep.  But  these  impatient  in- 
dividuals had  generally  suffered,  in  their  upward  passage,  and  were 
rarely  as  perfect  as  their  more  favored  companions,  either  in  flower  or 
in  leaf;  for,  while  vegetative  growth  had  evolved  heat  enough  to  melt 
ft  passage  for  the  plant,  yet  contact  with  the  snow  had  been  sufficient  to 
check  the  development  of  its  parts.  In  passing  over  the  drifts,  we  found 
many  grasshoppers  lying  motionless  and  apparently  frozen,  in  small  pits 
in  the  surface  from  two  to  three  inches  deep,  the  snow  having  appar- 
ently been  melted  from  beneath  them  by  the  heat  of  their  bodies.  As 
the  sun  got  higher,  however,  they  were  soon  thawed  out,  and  became  as 
active  as  any  of  their  race.  It  is  possible  that  they  found  microscopic 
plant-food  upon  the  surface  of  the  drifts,  and  had  purposely  come  here 
for  it ;  but  it  is  more  probable  that  they  had  been  blown  over  from  neigh- 
boring patches  of  vegetation  by  the  high  winds  which  almost  con- 
stantly sweep  over  these  crests.  The  high  levels  on  either  side  of  this 
valley  were  entirely  destitute  of  the  high-growing  plants  of  lower  levels, 
bat  presented  a  large  variety  of  the  Alpine  plants,  now  mostly  in  full 
blossom,  showing  a  great  profusion  of  white,  blue,  purple,  crimson,  and 
yellow  stars  on  their  carpet  of  moss-like  leaves.  The  crests  of  this  part 
of  tbe  range  reach  about  10,500  feet  above  the  sea,  running  some  300  or 
400  feet  above  what  is  here  the  apparent  limit  of  pines  and  spruces. 
Prom  here  it  was  evident  that  the  range  lying  on  the  west  side  of 
Rerre's  Hole  reached  to  about  the  same  elevation,  with  no  sharp  peaks, 
and  mostly  rounded  surfaces  on  its  eastern  face. 

The  walls  of  the  valley  along  which  we  had  made  our  unobstructed 
Tray  now  approached  each  other,  leaving  a  gap  only  fifty  or  sixty  yards 
in  width,  to  reach  which  we  climbed  a  sharp  slope  of  stumbling  rub- 
bish, and  then  found  ourselves  on  a  narrow  crest,  overlooking  an  im- 
mense canon,  the  Great  T^ton  Canon,  which  separates  the  three  higher 
peaks  from  the  mass  of  the  mountain  west  and  north  of  them,  and  finally 
breaksout  to  the  eastward  toward  Jackson's  Hole.  The  descent  from 
this  crest  is  very  steep ;  and,  in  dodging  falling  masses  of  rock,  starte<l 
by  those  behind  him,  Mr.  Bechler  unfortunately  got  a  severe  sprain, 
which  troubled  him  for  several  days.  Just  to  the  left  of  this  gap,  the 
crest  of  an  immense  snow-drift,  from  80  to  100  feet  high,  reached  up  to 
the  rocks,  and  gave  some  of  us  an  easy  passage  down.  Of  course,  no  pas- 
sage with  horses  would  have  been  possible  at  this  point ;  but  I  think  it 
ctmldhe  made  by  striking  directly  up  the  ridge  at  the  forks  of  West  T6tou 
Creek,  about  three  miles  west  of  our  main  camp,  and  turning  down  into 
tbe  Great  Canon  about  two  hundred  yards  west  of  the  gap  just  described. 
Prom  the  gap,  it' was  evident  that  the  huge  lateral  spur  of  the  southern 
Teton  must  be  crossed  before  we  could  reach  the  base  of  the  central 
peak.  An  attempt  to  pass  around  it  would  involve  several  miles  of 
travel  in  very  deep  canons.  In  these  upper  basins  the  snow  had  melted 
mnch  less  than  on  the  outer  slopes ;  and  about  a  mile  of  it  stretched  be- 
tween us  and  the  spur  aforesaid.  On  our  right,  and  behind  us,  rose  a 
nearly  vertical  cliff  of  Quebec  group  sandstones  and  limestones,  running 
off  southeasterly,  past  the  southernmost  T6ton,  to  form  the  eastern  face 
of  the  mountain  beyond.  Beneath  our  feet  was  the  Potsdam  (!)  quartzite, 
while  only  metamorphics  lay  ahead  of  us.    Bearing  but' a  little  to  our 
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right,  we  found  ourselves  oa  the  divide  between  the  head  of  the  Qreat 
Canon  and  that  of  a  smaller  one,  which  opened  directly  oat  toward  Jack- 
son's Hole.  In  the  head  of  this  latter,  perhaps  200  feet  below  as,  lay 
a  small  ice-covered  lake,  with  no  surface-outflow,  but  probably  draining 
through  the  slopes  of  dihris  which  hemmed  it  in  on  either  side.  '  The 
accompanying  outline-sketch  of  our  route  beyond  this  point  has  been 
made  up  by  Sir.  Holmes  from  Mr.  Jackson's  photographs,  which  were 
taken  from  the  top  of  the  western  wall  of  the  Great  Canon.    (Fig.  47.) 

In  the  broad  head  of  the  Great  Cailou,  which  we  now  crossed,  there 
are  three  or  four  small  and  apparently  shallow  ponds,  partly  covered 
with  ice,  though  partly  clear.  The  outflow  of  one,  buried  in  rubbish  for 
some  distance,  Anally  appears  on  the  edge  of  a  clifl'and  makes  a  pretty 
little  fall,  perhaps  30  feet  high,  at  the  head  of  which,  with  a  favorable 
wind,  one  can  easily  get  a  spray  bath  at  short  notice.  At  the  head  of 
this  pond,  a  slight  depresion  of  the  crest  of  the  spur  indicates  probably 
the  best  point  for  crossing,  though  the  slopes  are  of  fine  sliding  rubbish, 
which  makes  climbing  tedious.  Those  who  preferred  climbing  over 
solid  rock  crossed  a  little  farther  out  on  the  spur.  Another  short  half- 
mile  of  snow  brought  us  at  length  to  the  foot  of  the  central  peak.  In 
neither  of  these  two  snow-basins  was  there  any  apparent  consolidation 
of  the  snow  into  glacier-like  bodies  of  ice,  though  small  icy  patches 
were  seen,  and  the  compacted  snow  was  occasionally  cracked  as  if  by  in- 
cipient crevasses.  Apparently,  the  melting  of  the  suow  is  very  nearly 
complete  every  season,  so  that  no  glacier-like  masses  oau  be  formed. 
We  afterwartl  saw  abundant  evidence  that  this  valley,  like  others  in  the 
range,  was  once  the  scene  of  intense  glacial  action. 

It  is  possible  to  climb  directly  up  the  steep  sloiie  of  bare  rock  in 
front  of  the  lowest  part  of  the  saddle  south  of  the  main  peak.  Those 
who  prefer  gentler  slopes  of  debris  and  snow  should  pa^ss  abont  two 
hundred  yards  farther  north,  where  such  a  slope  reaches  to  a  higher 
point  of  the  saddle. 

Several  of  the  party  had  already  turned  back,  and  Mr.  Bechler's 
injury,  previously  mentioned,  made  it  imprudent  for  him  to  attempt 
these  steeper  slopes.  Accordingly,  he  turned  off  and  examined  the 
canon  for  a  mile  or  so  lower  down.  Five  of  us  reached  the  saddle — 
Messrs.  Stevenson,  Langford,  Hamp  and  Spencer,  and  myself.  Here  I 
stopped,  at  12  o'clock,  at  the  elevation  of  about  11,400  feet,  to  Wait  for 
a  mercurial  barometer,  which  Mr.  West  had  undertaken  to  deliver  to  me 
at  that  point,  so  that  I  might  take  it  to  the  summit.  I  afterward 
learned  that  he  had  already  turned  back  from  the  high  spur,  without 
really  attempting  either  to  reach  the  saddle  himself  or  to  send  forward 
the  barometer  by  any  other  person.  Meanwhile,  I  examined  the  rocks 
upon  and  east  of  the  saddle.  Climbing  is  here  much  hindered  by  steep 
slopes  of  snow,  some  of  which  consist  wholly  of  hailstones  from  a  third 
to  a  half  inch  in  diameter.  A  fierce  west  wind,  blowing  forty  to  fifty 
miles  per  hour,  was  sweeping  across  the  saddle  with  such  force  that  thV 
loudest  shouts  were  inaudible  fifty  yards  to  windward.  I  experienced 
no  inconvenience  from  the  rarity  of  the  air  at  this  elevation.  *  My  high- 
est point  was  about  12,000  feet,  about  a  half  mile  east  of  the  main  sad- 
dle, from  which  point  I  had  a  limited  view  out  to  the  basin  of  Jackson's 
Hole.  The  mountain  descended  in  bare  rock-slopes  over  4,000  feet, 
until,  with  gentler  slopes,  there  appeared  a  belt  of  pines  and  spruces.  In 
the  upper  edge  of  this  belt,  a  small  lake,  partly  iced  over,  occu|)ied  a 
notch  in  the  base  of  the  mountain  immediately  beneath  me.  The  timber 
stretched  in  a  heavy  body  down  along  a  small  stream  flowing  past  the 
base  of  the  mountain  but  to  its  junction  with  Snake  River.     In  plain 
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Sight  were  the  bntte  above  the  mouth  of  <iroa  Ventre  Fork  atd  ihe 


I       valley  of  tbat  Ktrrnin  ruiiuing  far  into  the  eastern  mouDtain?,  with 
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bright  red  cliflfs  on  eitber  band,  wbile  the  channel  of  tbe  Snake  itself 
meandered  northward  through  broad  sage-covered  plains,  till  its  upper 
course  was  hidden  by  hills.  This  view  was  as  if  set  in  a  frame  formed 
by  the  sharp  spurs  running  out  on  either  hand  and  cutting  off  its  con- 
tinuations. 

A  few  small  Alpine  plants  reach  this  level,  and  even  higher,  though 
Mr.  Stevenson  states  that  all  vegetation  except  lichens  ceased  about 
3Q0  feet  below  the  summit 

Busied  with  these  examinations,  I  waited  longer  than  I  should  have 
done  for  the  missing  barometer,  and  found  that  time  would  not  then 
permit  me  to  complete  the  ascent.  The  others  who  reached  the  saddle 
passed  directly  up  the  long  slope  of  debris  leading  from  it  into  the 
gorge  on  the  west;  side  of  the  peak,  and  report  that  Messrs.  Stevenson 
and  Langford  reached  the  summit,  while  Messrs.  Hamp  and  Spen- 
cer stopped  about  300  feet  below.  They  state  that  the  summit  is 
crowned  by  a  rude  quadrangular  wall  of  rock,  different  from  that  of 
which  the  summit'of  the  peak  is  itself  composed,  which  must  have  been 
brought  up  from  some  distance  below,  and  which  is  very  much  disinte- 
grated by  the  action  of  the  weather.  If  their  account  is  correct,  the 
hardest  part  of  the  ascent  is  past  when  the  high  saddle  is  reached. 

Mr.  Stevenson  reported  that  the  Great  GaOon  seemed  to  break  down 
suddenly  to  the  plain,  so  as  to  be  apparently  impassable  for  animals. 
Examinations  on  the  east  side  of  the  mountain  in  September  stren^h- 
ened  this  probability,  though  they  were  not  fall  enough  to  determine 
positively  that  the  caiion  is  impassable. 

To  the  north  of  the  caiion,  one  peak  of  the  range,  which  we  have 
called  Mount  Leidy,  has  a  long  wedge-shaped  summit,  upon  the  top  of 
which  a  long  oval  elevation  has,  from  a  distance,  much  the  appearance 
of  a  huge  mound,  like  those  erected  so  numerously  by  the  mound- 
builders  in  the'valleys  of  the  Mississippi  and  its  tributaries.  This  sum- 
mit, however,  was  not  visited.  These  peaks  have  been  described  by 
some  as  "  snow-covered  "  the  year  round,  while  others  have  said  that 
they  are  so  steep  that  snow  will  not  lie  on  them,  even  in  winter.  The 
truth  lies  between  the  two,  tor  immense  cliffs  doubtless  continue  bare 
through  the  entire  winter,  while  in  some  of  the  ravines  and  crevices 
bands  of  snow  run  nearly  to  the  summit,  though  not  so  abundantly  as 
as  to  appear  like  a  mostly  snow-covered  surface.  We  dragged  our  weary 
limbs  back  to  camp,  where  each  had  his  story  to  tell  of  individual  adven- 
ture and  mishap. 

Messrs.  Stevenson  and  Langford  claim  the  right  to  name  this  pe^ik, 
as  being  the  first  white  men  to  reach  its  summit,  so  far  a«  known,  and 
have  called  it  Mount  Hayden,  in  honor  of  the  director  of  our  survey- 
As  no  individual  name  had  been  previously  applied  to  it,  other  than 
Big  T6ton  or  Grand  Teton,  there  appears  to  be  no  reason  why  this  name 
should  not  stand  and  pass  down  for  ages  the  name  of  one  who  has 
probably  explored  a  greater  extent  of  the  crests  and  eastern  slopes  of 
the  Kocky  Mountains  than  any  other  living  scientist.  The  reported 
reading  of  Mr.  Stevenson's  aneroid  gives  the  elevation  of  the  peak  as 
about  13,400  feet;  but  the  gradienter  measurements,  taken  by  Mr. 
Hering,  indicate  an  elevation  of  13,858  feet,  which  has  been  adopted  as 
altogether  the  most  reliable  determination. 

Though  glacial  scrat/ches  were  seen  only  in  the  highest  portion  of  the 
caiion  of  West  T6ton  Creek,  yet  abundant  evidence  of  glacial  action 
was  seen  in  all  the  lower  part  of  the  valley  in  the  immense  numbers  of 
bowlders,  both  of  granite  and  of  limestone,  which  are  distributed  over 
its  bottom  and  on  its  sides  up  to  about  400  feet.    The  surfaces  of  these 
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bowlders,  however,  have  been  so  much  weathered,  disintegrated  by  fires, 
and  worn  by  the  streams  which,  during  the  subsequent  centuries,  have 
flooded  and  deepened  the  valley,  that  I  was  unable  to  decide  whether  the 
absence  of  striations  was  or  was  not  due  to  the  bowlders  having  been 
carried  upon  the  surface  or  in  the  mass  of  the  glacier  rather  than  in  its 
grinding  foot.  These  bowlder-deposits  extend  well  out  to  the  mouth  of 
the  caiion.  No  true  terminal  moraine  was  recognized ;  and  I  am  at 
present  inclined  to  refer  its  absence  to  the  floating  off  of  the  end  of  the  * 
glacier  upon  the  waters  of  a  lake  which  once  evidently,  and  perhaps  at 
that  very  time,  filled  the  basin  of  Pierre's  Hole  and  the  lower  portions 
of  all  these  outer  canons  up  to  not  far  from  the  level  mentioned. 

The  scenery  of  the  region,  as  a  whole,  is  wonderfully  interesting.  Its 
dense  spruce-forests,  though-  now  greatly  injured  Ij^y  fire,  gradually 
opening  upward  until  they  terminate  in  scattered  groves  of  individual 
beauty;  its  sharp,  deep  canons,  with  massive,  precipitous  walls;  its 
beautiful  and  varied  cascades ;  its  broad  snow-fields,  and  its  sharp, 
ragged,  lofty  peaks,  together  form  a  combination  of  beauty  and  grand- 
eur rarely  equaled.  Though  its  peaks  are  surpassed  by  many  in  actual 
elevation  above  the  sea,  few  such  stand  among  so  broad,  deep 
valleys  as  to  give  so  great  relative  elevations  and  to  be  seen  so 
prominently  over  so  wide  an  extent  of  country.  When  the  region 
becomes  more  accessible  by  means  of  already  projected  railroads,  this 
most  become  a  favorite  resort  for  tourists.  The  route  by  which  we 
leaehed  Mount  Hayden  appears  to  be  the  most  feasible  for  those  who 
would  approach  it  from  the  west,  though  its  base  can  be  more  closely 
approached  with  animals  on  the  east  side,  so  that  possibly  less  personal 
exertion  would  be  needed  in  climbing  it  fii^om  that  side.  When  we  left 
the  peak,  I  hoped  to  reach  this  eastern  base  early  enough  to  make 
aDo&er  attempt  upon  its  summit,  and  so  to  retrieve  my  lost  honors  ^ 
bot  the  early  snows  of  September  had,  before  our  arrival,  covered  the 
upper  slopes  and  made  the  attempt  too  hazardous  to  be  justifiable.  July 
and  August  seem  to  be  the  months  most  favorable  to  the  ascent. 

The  sportsman  need  not  despise  the  region.  Antelope  still  abound 
OQ  the  plain ;  the  tracks  of  deer  and  elk  were  abundant  about  the 
swampy  bottoms  of  Pierre's  Hole ;  several  bears  were  seen,  and  one 
small  grizzly  was  shot  by  Messrs.  Garrington  and  Brown;  a  moose-cow 
and  two  calves  were  shot  in  a  thicket  on  West  T6ton  Creek ;  and 
abandant  tracks  of  mountain^sheep  were  found  as  high  as  the  saddle 
soath  of  Mount  Hayden,  where  no  other  animals  were  seien  larger  than 
the  swaJlows,  which  were  skimming  about  over  the  snow-banks,  gather- 
ing insect-food.  The  thickets  along  the  streams,  and  especially  the 
groves  near  the  upper  line  of  the  timber,  are  full  of  two  or  three  varie- 
ties of  grouse,  while  ducks  and  geese  abound  in  the  swamp-ponds  of 
Pierre's  Hole. 

Our  original  plans  contemplated  the  passage  of  our  main  train  across 
T^n  Pass  into  Jackson's  Hole  and  thence  northward,  while  a  small 
party  should  examine  the  Sndke  'Eiver  Canon,  in  the  southern  continua- 
tion of  the  T6tou  Bange ;  but  our  guides  threatened  us  with  impassable 
fords  on  that  route,  by  reason  of  the  continued  high  water  from  the  melt- 
ing snow&  It  was  then  proposed  to  cross  the  range  by  the  broad 
depression  at  tJlie  head  of  Falls  Eiver  ;  but  this  was  declared  to  be  also 
impassable  by  reason  of  faAlen  timber.  This  information  was  afterward 
proved  to  have  been  false ;  but,  accepting  it  as  true,  we  now  turned  up 
the  valley  of  Henry's  Fork,  leaving  our  T6ton  camp  on  August  2,  and 
returning  in  one  day  to  our  camp  of  July  21,  on  the  north  fork  of  Pierre's 
Biver.    The  next  day,  we  reached  the  banks  of  Falls  lliver,  finding  it  a 
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large  stream,  flowing  directly  from  the  broad  depression  north  of  the 
T^tons.  No  sedimentary  rocks  were  seen  in  this  region.  Only  scatter- 
ing groves  of  aspens,  pines,  and  spruces  had  been  seen  thus  far ;  but, 
after  crossing,  we  at  once  passed  into  dense  bodies  of  pines  and  spruces, 
large  areas  of  which  had  long  since  been  burned  over  and  were  mostly 
grown  up  again  with  dense  young  pines,  from  one  to  six  years  old,  and 
smaller  numbers  of  quaking  aspens.  The  country  is  much  cut  up  by 
precipitous  canons,  from  50  to  200  feet  deep,  with  flat  bottoms  and 
broad  shallow  streams,  the  smaller  ones  being  dammed  by  the  beavers 
at  short  intervals.    A  few  purple-nacred  unios  occur  in  these  streams. 

Approaching  the  Spring  Fork  of  Henry's  River,  two  buttes  are  prom- 
inent, consisting  of  porphyries  and  loose-textured  volcanic  sandstone. 
Their  tops  are  much  cut  -by  ravines,  with  flat,  grassy  hollows  at  their 
heads,  which  at  first  remind  one  of  craters;  but  closer  examination 
shows  that  these  are  not  distinct  volcanic  cones,  but  are  merely  frag- 
ments of  the  terrace-like  mountain  to  the  northeastward,  which  have  been 
cut  oif  from  it  and  left  behind  in  the  general  erosion  of  the  valleys.  On 
the  slop^  of  one  of  these  buttes  we  found  a  profusion  of  large,  blue 
huckleberries,  growing  on  rather  small  bushes  a  foot  or  so  high ;  but 
these  were  not  again  seen  on  the  whole  trip.  A  smaller  trailing  species, 
however,  forming  a  perfect  carpet  in  the  open  groves  of  pine  and 
spruce,  and  bearing  a  very  small,  deep-crimson  berry,  with  a  pleasant 
acid  flavor,  now  began  to  appear,  and  was  afterward  found  abundantly, 
through  all  the  pine-country,  until  we  reached  Jackson's  Lake,  late  in 
September. 

Spring  Fork,  where  we  crossed  it,  is  about  100  feet  wide,  and  was  then 
carrying  about  150  feet  of  water.  Its  banks  are  very  steep,  consisting 
mainly  of  the  drab  and  pink  porphyries  so  common  in  this  region,  which 
are  here  well  laminatM  and  nearly  or  quite  horizontal.  If  Baynolds's 
distances  and  ours  are  both  correct,  our  camp  must  have  been  about  two 
miles  below  the  immense  spring,  described  by  him  as  leaping  over  a  30- 
foot  fall  into  the  stream,  and  furnishing  to  it  fully  two-thirds  of  its 
water  as  well  as  its  name.  This  sudden  increase  would  explain  the  evi- 
dent inconsistency  between  the  size  of  the  stream  and  the  apparent  ex- 
tent of  its  upper  basin.  We  did  not  at  the  time  understand  our  relation 
to  Eaynolds's  route,  or  we  should  have  tried  to  reach  this  spring.  Start- 
ing from  this  camp  the  next  morning,  August  5,  the  steep  bank  proved 
too  exciting  for  one  of  the  usually  most  obstreperous  of  our  mules,  and, 
in  attempting  to  kick  herself  free  from  her  pack,  she  lost  her  footing  and 
rolled  down  hill,  turning  five  complete  somersaults  before  reaching  the 
bottom,  where  she  quietly  went  to  grazing,  with  only  one  or  two  slight 
scratches.  For  want  of  any  other  name,  at  the  time,  we  called  this, 
among  ourselves,  the  Mormon  Mulcts  Creek. 

Shortly  after  leaving  this  stream,  we  found  the  soil  becoming  notice- 
ably thinner,  and  masses  of  basalt  began  to  appear  upon  the  surfiice. 
The  loosely-jointed  character  of  the  basalt  seems  to  have  given  to  the 
soil,  as  fast  as  it  formed,  a  ready  passage  downward  with  the  water  of 
rains  and  melting  snows ;  so  that,  in  many  places,  bioad  surfaces  of  the 
rock  appear,  with  barely  enough  soil  upon  them  to  support  a  few  small 
herbs  and  grasses.  The  basalt  is  doubtless  underlaid  here,  as  it  is  else- 
where, by  sands  and  gravels^  which  not  only  readily  absorb  all  waters 
percolating  through  the  crevices  of  the  basalt,  but  also  furnishes  covered 
passage-ways  for  the  large  streams  which  supply  large  springs,  of  which 
there  are  many  examples  in  this  region  besides  the  one  just  mentioned. 
Timber  is  here  more  scattered  and  has  suffered  less  firom  fire  than  in 
the  tracts  we  had  recently  crossed.    The  basalt  is  much  bulged  up  into 
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k>w  domes,  like  those  before  encoantered  and  described.  Many  of  these 
are  broken  away  at  the  top,  and  the  basins  are  often  occupied  by  ponds ; 
these  being  the  exact  equivalent  of  the  pond- holes  already  described  as 
having  been  seen  near  Market  Lake,  only  these  are  at  a  less  advanced 
Rtage.  By  the  dribbling  oatlet  of  one  of  these  ponds,  whose  ^ater  was, 
during  the  middle  of  the  day  at  least,  too  warm  to  be  agreeable  for  drink- 
ing, we  found  a  small  flow  of  quite  cold  chalybeate  water,  of  medium 
strength.  By  one  of  these  ponds,  on  the  slopes  toward  Henry's  Fork, 
▼e  camped  on  the  evening  of  the  5th. 

Next  morning,  a  few  of  us  turned  south  westward,  to  try  to  find  the  re* 
ported  falls  of  Henry's  Fork.  About  two  miles  from  camp  we  struck  the 
bank  of  the  river,  at  a  point  where  it  was  just  entering  a  basalt-caiion. 
FoUowing  down  stream  for  several  miles,  we  found  the  walls'  gradually 
increasing  to  50  feet  or  more  in  height,  but  finally  turned  back  without 
retching  the  falls,  after  having  eone  nearly  twice  the  reported  distance. 
The  falls  are  said  to  be  below  Uie  end  of  this  ca&ou  and  about  80  feet 
in  height,  the  upper  40  feet  consisting  of  rapids  and  the  lower  40  being, 
a  ckAT  leap.  For  about  ten  miles  above  the  eaiion  the  country  is  open, 
with  gently-sloping,  broad  grassy  bottoms  and  scattered  groves.  At  sev* 
end  points,  large  cold  springs  break  out  firom  beneath  the  basalt,  evi- 
dently being  the  outflow  of  streams  ^bich  have  been  swallowed  bodily, 
higher  up,  by  this  cavernous  bed.  These  are  full  of  delicious  trout. 
For  the  next  ten  miles,  dense  timber  runs  to  the  river,  which  is  again 
walled  by  low  outcrops  of  basalt.  At  first,  fallen  timber  was  very 
troublesome  and  delayed  the  train  badly.  Since  the  second  day  out 
from  our  T^ton  camp,  we  had  been  obliged  to  make  our  own  road,  but 
now,  on  the  banks  of  Fishing  Greek,  we  found  a  trail  which  bad,  at 
Mine  recent  time,  been  used  by  wagons,  following  ,our  general  course, 
though  it  led  us  up  Fishing  Creek  instead  of  the  v^ley  of  Henry's  Fork, 
whi<£  here  makes  a  large  bend  to  the  westward.  Betbre  long,  the  trail 
became  less  marked  and  finally  disappeared ;  but  we  kept  on  to  the  head 
of  tiie  stream,  which  proved  to  be  one  of  the  large  springs  so  common 
here,  and  then  bore  a  little  westwiurd  to  regain  the  main  stream,  though 
gnided  mainly  by  the  summit  of  a  peak' which  was  said  to  stand  on  the 
sooth  side  of  Henry's  Lake.  Here,  we  encountered  excessively  dense 
growths  of  young  pine,  through  which  we  forced  our  way  with  very  great 
diflScolty^the  packs  continually  requiring  replacement.  At  lengtii  we 
leaehed  Henry's  Fork  and  a  trail  almost  simultaneously,  and  soon  re- 
joiced in  a  good  road  and  a  camp.  We  were  now  done  with  bad  timber 
for  some  time. 

The  season  was  now  so  far  advanced  that  we  began  to  find  that  min- 
gling of  spring  and  fall  flowers  which  is  characteristic  of  regions  where 
thesammers  are  short.  In  the  same  field  we  often  found  violets,  straw- 
heny  blossoms  and  fruit,  monk's-hood,  geraniums,  everlastings,  and 
fringed  gentians,  (6.  crinita.)  This  last  was  first  seen  on  August  4. 
Strawberries  were  ibund  in  considerable  numbers  as  late  as  September  9. 

Awguit  8. — ^Mr.  Bechler  examined  the  stream  below  our  camp,  and 
found  that  it  ran  for  several  miles  through  a  deep  basalt  canon.  At 
wd  aboTe  camp,  its  bottoms  are  broad  and  flat,  including  some  beaver- 
dams,  and  the  valley  continues  of  that  general  character  to  the  lake, 
which  is  only  a  few  miles  distant.  The  groves  are  somewhat  open^  yet 
Beady  all  the  comparatively  bare  spots  are  well  set  with  seedling  pines, 
whieh  plainly  need  only  protection  from  fire  to  soon  make  good  all  pjre- 
rioo8k)sses.  Passing  these,  we  soon  enter  the  Qpen  grassy  basin  which 
nmNmds  Henry's  Lake. 

is  a  broad,  shallow  sheet  of  water,  said  to  average  not  more  than 
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8  feet  in  dei>di,  whieh  is  practically  the  head  of  Henry's  Fork,  thoo|f^ 
several  smidl  streams  flow  into  it  from  varions  direetiona  Though  the 
shore  is  very  winding,  and  nnmerous  points  project  into  the  lake,  yet, 
as  a  whole,  it  is  a  ptitty  regalar  body  of  water,  about  three  miles  loDg 
by  fttim  one  and  a  half  to  two  miles  wide.  Several  small  islands  are 
scattered  over  its  surftice.  From  its  borders,  which  are  mostly  marshy, 
the  plain  rises  Tory  gradnally  to  the  gr^rvelly  terrace  of  an  old  lake- 
shore,  from  80  to  90  f^t  above  the  present  water-level.  When  at  that 
level,  the  lake  would  have  been  some  eight  or  ten  miles  in  diameter.  No 
higher  terraces  were  apparent.  The  apper  level  is  covered  with  sage- 
bnish,  bot  the  lower  fl»k  supports  loxoriant  growths  of  grasses,  sedges, 
and  other  rich  forage-plants.  Near  Sawtdle's  ranch,  at  the  bead  of  the 
lake,  large  amounts  of  hay  were  curing  in  the  hot  sun ;  while  a  mowing- 
macoine  was  still  in  active  operation  on  the  meadows.  Messrs.  SawteUe 
and  Wurte  here  conduct  a  large  trade  in  fresh  fish,  caught  in  the  lake  and 
Its  outlet,  which  they  pack  in  ice  and  haul  fifty  miles  to  Virginia  City. 
They  at  first  attempted  raising  stock  on  these  rich  meadows ;  bat  the 
immense  nnmbers  6£  horse-flies  and  goats  which  breed  in  the  swampy 
bordelB  of  the  lake  soon  compelled  them  to  abandon  that  business. 
They  report  that  game  is  still  abundaint  in  the  neighborhood — ante- 
lope, deer,  elk,  moose,  bear,  and  moantain*8heep,  as  well  as  smaller 
animals. 

In  approaching  tins  basin,  the  trail  passed  with  the  river  to  the  west 
side  of  the  valley^  leaving  the  main  mounftain  two  or  three  miles  to  the 
right.  This  consists  of  coarse  vokanic  saAdstone,  mostly  composed  of 
ol^idian.  Two  or  three  deep  canons  here  reach  the  valley,  showiag 
that  water  once  worked  powerfully  in  them,  but  these  ave  now  dry, 
except  where  springs  burst  out  of  the  sandstone  at  their  very  mouths, 
and  apparently  have  carried  no  water  for  many  years  past^  except  dur- 
ing the  times  of  most  rapid  melting  of  the  snow  in  the  spring.  In 
examinations  made  later  by  Mr.  Beehler,  when  crossing  westward  from 
the  Fire-Hole  Basin,  the  upper  course  of  these  canons  proved  to  be  of 
the  same  character;  here  and  there  large  springs  burst  out,  but  soon 
disappear  t^aln  in  the  potous  sandstones,  which,  in  that  direction,  form 
the  surface  of  the  entire  monntatn.  Passing  a  little  to  the  noilihward, 
older  rocks  appear  on  the  higher  slopes  of  t^  mountain  and  soon  form 
its  entire  face,  the  vokanic  rocks  disappearing  beneath  the  valley. 

On  the  oppoate  side,  these  a^)ear  again  in  the  high  mountain  lying 
directly  south  of  Henry's  Lake,  known  to  ns  as  Sawtelle's  Peak,  whose 
lower  spurs  run  down  nearly  to  the  lake-shore.  The  rugged  precipitoos 
sides  of  the  peak,  without  well-marked  stratification,  led  to  the  suspicion 
that  it  might  be  of  volcanic  origin,  and  it  was  accordingly  visited  by  Mr. 
Taggart  and  myself.  It  was  found  to  constitute  the  eastern  and  north* 
eastern  wall  of  a  great  crater,  some  1^200  or  1,500  feet  deep,  whose  east 
and  west  diameter  is  about  a  mile  and  a  half,  with  a  transverse  diameter 
of  about  a  half  mile.  The  sides  are  much  washed  down  and  the  bottom 
filled  up;  but,  from  the  position  of  the  portions  of  what  was  apparently 
the  original  wall  which  are  still  standing,  it  is  probable  that  the  origi- 
nal crater  had  very  nearly  the  dimensions  above  given.  The  walls  con- 
sist of  ragged,  cellular,  largely  amygdaloidal  porhpyry,  containing  crys- 
tals of  quartz,  calcite,  &o.,  partly  weathering  with  a  very  rough  surface, 
partly  decomposing  into  a  coarse  brittle  sand,  and  making  very  treach- 
erous footing.  Lower  down,  the  slopes  consist  of  very  dense,  nearly 
black,  basalt.  The  western  and  northwestern  walls  were  not  visited; 
but  their  style  of  weathering  indicates  much  softer  material  than  was 
found  on  the  part  visited.    Considerable  portions  of  the  crater,  as  well 
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w  (he  ootar  tlepai  of  tli«  mocuktain,  were  ivell  cav«ffed  with  tall  piii6€( 
aod  agraoee ;  wbil^  tbe  luglier  portiooa  had  only  aeattored  ud  s^uvti^ 
traw  and  tbe  areata  were  entirely  baveb  thougb  enougb  dead  stetaa  of 
gnall  pioea  ov  cedara  waiia  foaod  eyeo  tb^iw  to  make  a  small  mgoal-firQ. 
The  ipaall  pliuila  of  the  sttmmiit  ase  av>atly  of  Alpiae  Jforma.  TimUa  of 
mootttaiii-abeep  were  abtrndaotv  but  the  pnly  Tertebi^ate  9eeo  waa  a  large 
gopher,  <t)  very  diatioct  from  apy  ^peeiea  of  which  I  have  been  able  to 
iod  a  deacripeioi^  or  ftguro,  or  moooted  akio  ^  imfprtonately ,  be  escaped 
Biy  ballets  The  elevation  of  tiiie  peak,  aa  iudkatod  by  two  readiug^  of 
9y  android  barometer,  ia  aboat  lO^^SOD  leet. 

JKo  linea  of  outflow  weie  tra^  down  to  the  plaia;  bnt,  froai  tb^  «ab 
and  poaitioii  of  the  corater,  adid  the  character  of  the  lava  of  ita  lower 
porUoDy  it  13  evident  that  thia  waa  a  proUflo  aiHiroe  of  tbebaaalt  wbiob 
90  many  timea  filled  the  great  plain  atrefaubing  off  to  the  spath  and  weait. 
Iheiaolated  olUater  of  mQqntaiaa,  aboat  half  way  between. tbia.peak  and 
the  8and-Hill  Mountains,  haa  appareutly  the  aama  atrnotuna,  and  maj 
hAve  been  another  aooree  of  ootftow.  Xba  lowest  g;ap  in  the  crater- wall 
of  SawteUe's  Peak  fiftoea  portbwardf  and  the  principal  outflow  of  lava 
vas  ^Qotebly  ftem  that  point,^  eswping  then^  down  the  valley  of 
Sttiiy'a  Fork,  tboitgh  /atber  portiqna  may  v^ry  prot>ably  bftve  esoapad 
duawgh  aubterranean  pasaagea  and  eracka  in  other  directiona,  as  is 
freaasBtly  the  caae  in  those  voloapoaa  whose  modem  eraptipna  have 
givsn  wportaAitias  for  the  observation. qf  their  phenemaM.  The  por- 
tisea  of  the  lava  neiit  to  ihe  mpoatain  aQd  oot  to  the  ceater  of  the 
Tslkiy  aw  all  pnstty  adid  basalt,;  while  the  farAb^  aide  of  the  valleyr 
dsposUs,  wd  those  wjaaeh  form  the  sloped  of  the  eastern  mwntain,  ooa- 
ift^t  of  the  older  porphyriea  and  voloaitic  aandstoqes^ 

Iha  peafca  of  the  waatwa^  eootiaoation  of  the  iiaAge  of  wbich  Sawi- 
teUsrs  Peak  forma  tbe  eaatern  termiamtion  show  wck  stractare^  as  sew 
fom  a  distaaee,  aa  to  indieate  that  they  also  ai^of  volcanic  origin,  and 
ASj  have  been  otbm:  sonreea  of  the  basaJtio  ovtflow.  It  is  npt  known 
to  say  of  tbe  piesant  iobabitanta  of  the  pegipn  that  aay  pf  tbi^e  vol- 
issaM  have  been  active  in  modem  tipoiea }  bnt  Irving,  in  hia  Astoris^ 
Mas  that  tfr<  Bobert  Stnart,  a  partner  of  Itfr.  Astor  ia  thePaoiiftcFnr 
Conpac^,  when  crossing  the  mountain^range  west  of  Piarre^a  J^ole,  in 
thaJbU  of  lS12f  ^^  observed  to  Uie  northwest,  between  Henry's  Fort  and 
the  source  of  the  Missouri,  several  very  high  peaks  covered  with  snow, 
ftsQ  two  of  which  smoke  aseend^  in  com^raUe  volumes,  appai^sotly 
tnm  eiatera  in  a  state  of  emption."  Tbe  location  indicated  would  apply 
vdl  to  peaks  of  the  range  now  under  oonsideration*  It  is  hardly  to  be 
iopiiosed  that  so  experienced  a  mountaineer  should  have  been  deceived 
by  timber-firea,  or  that  such  fires  should  occur  near  the  summits  of  peaks 
csveied  wi^b  snow. 

The  ranges  on  the  north  and  sonth  sides  of  Henry's  Lake  are  nearly 
paiatlel,  while  tbe  cross-range  west  of  it  is  nearly  at  right  angles  with 
thsin,  thus  giviDg  a  qnadrangular  form  to  the  plain,  which  here  termi- 
natss  the  broad  va}ley  of  Heniy's  Fork.  From  three  points  it  has  easy 
passages  to  the  neighboring  valleys  and  tbe  region  beyond.  From  our 
eanp  on  the  east  side  of  tbe  valley,  Tyghee  Pass^  named  for  an  old 
Shsshone  chief  who  was  wont  to  use  it,  gives  a  smooth  road,  with  very 
geatls  grades,  into  tbe  valley  of  tbe  Upper  Madison*  From  tbe  north 
endcrf&e  lake,  a  broad,  ^praasy  plain,  with  scarcely  a  perceptible  rise  to 
the  divide,  aboat  four  miles  distant,  shows  a  cjear  road  to  Virginia  City 
sad  the  l4>wer  Madison.  This  is  called  Bayndds's  Pass,  from  having 
been  ased  by  that  officer  in  his  expedition  of  l859-<^60,  and  described  in 
his  t^Tt    Tyi^ee  Pass  is. also  mentioned  and  mapped  in  that  report 
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as  haviDg  been  examined  by  Dr.  Hayden.  From  ihe  soathwest  angle 
of  the  valley,  Red  Bock  Pass  affords  a  broad,  flat,  grassy  •opening  to 
Bed  Boc^  Lake,  one  of  the  ultimate  sources  of  Beaver-Head  Fork  of 
the  Jefferson.  This  was  not  visited  by  ns,  though  seen  from  a  distance. 
It  was  afterward  examined  by  Messrs.  Peale  and  Holmes,  of  Dr.  Hay- 
den's  branch  of  the  expedition.  The  levels,  as  decided  by  the  observa- 
tions of  both  parties,  are  as  follows:  Henry's  Lake,  6,492  feet;  Tyghee 
Pass,  7,063  feet ;  Baynolds's  Pass,  6,0tl  feet ;  Bed  Bock  Pass,  7,271  feet. 
The  most  favorable  route  for  a  railroad  from  Montana  to  Oorinne,  which 
is  now  talked  of,  is  apparently  via  Baynolds's  Pass  and  the  valley  of 
Henry's  Fork.  Down  this  valley  the  grades  would  be  very  easy,  averag- 
ing only  about  25  feet  per  mile  from  the  pass  to  Taylor's  Bridge,  on 
Snake  Biver,  and  the  cost  of  grading  very  slight,  while  the  large  valleys 
which  open  on  the  east,  containing  large  areas  of  valuable  grazing  and 
farming  land,  would  be  opened  to  settlement,  and  would  very  soon  fur- 
nish considerable  local  basiness. 

The  short  range  on  the  west  side  of  Henry's  Lake  shows  at  base,  near 
Sawtelle^s  ranch,  a  considerable  body  of  dark  hornblendic,  slaty  schist ; 
but  the  mass  of  the  ridge  consists  of  much-folded  metamorphic  lime- 
stone, which,  in  its  lower  portions,  shows  a  oonsiderable«thickne88  of 
light  drab,  almost  white,  rock,  which  would  make  very  fine  building- 
material.  Its  higher  portions,  however,  contain  very  numerous 
thick  and  thin  bands  of  white,  often  transpi^rent,  quartz,  corresponding, 
in  general  appearance  and  relations,  with  the  bands  of  chert  which 
accompany  certain  portions  ff  the  Oarboniferous  limestones  in  this  re- 
gion. From  this  character,  in  the  absence  of  any  opportunity  to  deter- 
mine its  age  by  tracing  the  bed  to  its  unm^tamorphosed  portion,  I  have 
referred  it,  with  very  little  doubt,  to  the  Oftrboniferous.  Upon  the  crest 
of  the  ridge,  we  found  the  outcrop  of  a  dike  of  trap,  about  60  feet  wide, 
standing  conformably  between  the  layers  of  the  limestone,  imd  therefore 
supposed  to  have  been  deposited  in  that  relative  position  beforo  tli^  beds 
wete  upheaved  into  their  present  nearly  vertical  position.  Hie  subse- 
quent metamorphism  of  the  whole  series  has  obliterated  any  marks  of 
alteration  of  the  adjoining  beds  of  limestone,  which  we  might  other- 
wise have  looked  for.  From  the  crest  of  the  ridge  it  was  evident  that 
the  back  spurs  were  of  the  same  general  structure  and  composition  at 
the  main  ridge,  at  least  for  two  or  three  miles. 

On  the  east  side  of  Baynolds's  Pass,  metamorphic  rocks  form  the  base 
and  lower,  slopes  of  the  mountain,  while  qnartzites  and  limestones  ap- 
pear near  its  summit.  This  structure  continues  nearly  to  Tyghee  Pass, 
where  the  upper  rocks  come  down  to  the  level  of  the  plain,  for  two  or 
three  miles,  and  then  rise  again,  exposing  the  granites,  gneisses,  horn- 
blende schists,  &c.,  until  we  reach  the  outcrop  of  volcanic  sandstone 
before  described.  Just  west  of  our  camp,  at  the  mouth  of  Tyghee  Pass, 
the  lowest  of  the  qnartzites  is  exposed  on  the  bank  of  a  small  creek. 
The  bedding  is  nearly  vertical^  with  a  strike  trending  aboiit  K.'  63o  E. 
Unconformably  upon  the  edges  of  this  bed  lie  about  200  feet  of 
a  light-drab,  impure  limestone,  of  Quebec  Group  age,  firom  which,  we 
obtained  with  difficulty  three  fragments  of  characteristic  trilobites. 
The  dip  is  about  45^  N.  54^  E.  As  we  have  elsewhere  found 
qnartzites  of  sapposable  Potsdam  Bge  lying  conformably  beneath  the 
Quebec  Group,  we  are  led  to  question  whether  this  quartzite  may  not 
possibly  be  of  still  earlier  age ;  but,  in  the  absence  of  fossils,  there  are 
no  means  of  deciding  the  question.  But  this  may  very  wcill  be  Pots- 
dam, as  I  presume  it  really  is,  without  making  it  necetisary  that  it 
should  everywhere  else  lie,  as  here,  unconformably  beneatlTthe  Quebec 
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At  the  quaitzite-oatcrop,  aboat  a  fourth  of  a  mile  west  of  our  camp 
OD  Pass  lireek,  another  small  creek  comes  oat  of  the  hills  by  an  entire^ 
distiiict  cafioD.  Bat,  od  going  up  the  pass  about  a  half  mile,  the  two 
canons  nnite  into  one  valley,  with  bacrely  enough  divide  to  separate  the 
streams ;  yet  these  oontinae  distinct  and  oome  from  very  different  direc- 
tioos.  At  this  point,  a  stieam-terrace  of  aboat'30  feet  elevation  is  very 
pnmiineot ;  but  it  is  not  continaed  oat  to  the  main  valley.  What  could 
have  been  the  conditions  ifhder  which  these  two  canons  were  thos  formed  t 
Porphyry  appears  in  place  high  on  the  moantain-side  at  several  points, 
sod  in  the  stream-bottoms  in  this  junction- valley,  bat  only  in  the  more 
easlem  cation,  so  far  as  I*  observed ;  so  that  I  inferred  that  the  outflow 
of  the  porphyry  had  stopped  ap  the  original  eastern  canon,  and  filled 
«p  all  the  upper  yalley ;  that,  in  subsequent  erosion,  the  new  canon  had 
first  been  worn  through  the  limestones  and  qaartzites  to  the  westward, 
a  terrace-like  deposit  of  sand  being  meanwhile  formed  at  the  head  of  it 
by  the  partiaUy-checked  stream ;  and  that  afterward,  when  the  new 
etnonel  had  been  cut  low  enoagh  to  reach  the  old-stream  gravel,  and 
the  porphyry  had  been  eroded  from  the  main  valley  outside,  the  per- 
oolation  of  water  through  the  gravel  of  the  old  channel  undermined  the 
overiying  porphyry  and  opened  the  cafion  anew  for  the  more  eastern 
stream. 

The  porphyry  is  now  so  much  worn  away  from  the  pass  that  the  out- 
en^  of  the  older  rocks  can  be  traced.  Above  the  Quebec  group,  as 
io  Uie  eafions  of  the  T6ton  range,  we  see  the  limestones  continuous  to 
the  highest  summits.  At  one  point,  the^  castellated  ruins  of  the  Niag- 
ara (f )  limestone,  with  their  intermediate  pine-clad  hollows,  make  a 
protninent  show  upon  the  hill-sides.  The  Carboniferous  limestones,  from 
whieh  a  few  characteristic  fossils  were  brought  by  Mr.  West,  are  mainly 
this-bedded ;  but  one  heavy  bed  caps  some  of  the  highest  points.  The 
pats  has  very  little  timber  and  affords  a  good  roa<l.  Yet,  the  largest 
trees  seen  during  the  whole  season  stoojd  near  the  summit  of  the  pass. 
Ko  notes  of  their  size  were  taken  at  the  time,  but  I  remember  them  as 
iboot  four  feet  through.    They  all  seemed  to  be  dying. 

On  the  Madison  side  of  the  range,  the  porphyry,  which  appears  at 
iatervals  all  through  the  pass,  is  replaced  by  basalt.  The  broad  bottoms 
aie  covered  with  iMisaltic  sand,  bearing,  a  thin  growth  of  pines.  The 
streams  have  in  many  places  bloff  banks  from  30  to  40  feet  high,  of  vol- 
canic sand,  partially  cemented  into  a  loose  sandstone.  As  we  pass  up 
tiie  valley  the  timber  becomes  more  open,  and,  where  not  burned  over, 
resembi^  the  artificial  grouping  of  parks,  with  avenues  opening  in  every 
direction.  There  is,  however,  no  turf,  the  volcanic  sand  being  only 
iparaely  covered  with  a  growth  of  coarse  plants,  often  including  much 
sage-brash.  Throngh  a  broad  bottom,  occupied  by  numerous  beaver- 
damg,  a  large  stream,  carrying  perhaps  80  feet  of  water,  comes  in  from 
the  south,  which  was  afterward  traced  by  Mr.  Bechler  to  its  source  in 
iheiDoontaiii8,where  it  growsrapidly  from  the  large  springsoharacteristic 
of  the  porous  volcanic  sandstone.  The  Madison  itseft  was  carrying 
possibly  2U0  feet  of  water,  sometimes  thinly  spread  out  in  a  broad  cban- 
ael)  scmietimes  narrow  and  deep,  with  dangerous  boles.  Trout  were 
shy  and  appeared  to  be  few.  Antelope  and  black-tailed  deer  were  seen 
hi  eonsiAmble  numbers  in  this  park-like  region,  which  continued  up  to 
the  mouth  of  the  upper  canon  of  the  Madison. 

The  caiion  is  narrow,  with  lofty  cliffs  on  either  hand,  running  up  to 

.  Mo,  1,000,  and  1,200  feet  at  different  points.    Parsing  up  the  north 

baok,  our  trail  lay  for  much  of  the  distance  along  the  edge  of  the  river. 

On  the  steep  debriselopeB  of  the  mountain.    The  cliffs  consist  mainly  of 
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eolamnar  potphfry,  irbicb  disintegraites  rapidly,  fordiiiig  pretty  aolid 
but  rery  porous  slopes,  and  so  yield  numeroas  springs  and  Anrm  maoy 
smaU  bogs  along  the  river^s  edge.  Ripe  red  Taq)berrie8  were  abandant 
aAong  these  slopes,  b«it  were  not  seen  elsewbere,  I  beliete,  on  the  whole 
trip.  The  springy  character  of  these  dSi^  is  ap(parei]tiy  the  only  sericms 
obstacle  to  the  building  of  a  railroad  throagh  the  cafion,  which  has  been 
suggested  by  parties  who  desire  to  fhcilitate  access  to  the  geyser-basthie; 
bnt  the  disintegrated  rock  reconsolidates  so  ^1  t^at  I  should  antici- 
pate no  tronble  from  the  springs.  A  noticeable  feature  of  the  river 
along  here  is  its  apparent  fi^edom  from  freshets  ;  the  vegetation  rans 
down  to  the  water's  edge,  and  no  acenmulations  of  drift-wood  were 
observed.  Does  the  heat  which  escapes  so  freely  in  these  upper  basins 
remove  the  snows  so  constantly  and  steadily  throughout  the  winter 
that  no  accumulations  are  left  to  cause  fre^ets  by  rapid  meltixig  in 
spring! 

The  cXifSs  along  the  oaioti  at  various  points  are  both  beantiflil  and 
grand ;  bnt  we  resiM;ed  the  tem|>t<ation  to  give  names  to  all  the  dilltoent 
points,  which  is  said  to  have  overcome  others  who  have  passed  this 
way;  though  Mr.  Raymond  has  not  yet  seen  fit  to  publish  the  names 
for  which  he  would  claim  priority.  (See  Christian  Union,  New  York, 
May,  1872,  p.  437.) 

We  had  supposed  ourselves  the  only  travelers  in  this  region,  when 
suddenly  we  encountered  a  party  of  officers  and  soldiers  f^om  Fort  Ellis 
and  other  northern  posts,  under  the  leadership  of  General  Gibbon,  who 
had  been  visiting  the  wonders. of  the  Yellowstone  and  geyser  regions. 
After  a  brief  exchange  of  courtesies  and  information,  both  parties  were 
again  on  the  marc/h,  and  we  soon  emerged  ibom  the  caSion  and  camped 
at  the  forks  of  the  river.  While  the  main  stream  came  ft'om  ib^  south- 
ward, yet  the  real  continuation  of  the  valley  we  had  been  following  was 
occupied  by  the  stream  comii^g  firom  the  eastward  with  perhaps  40  feet 
of  water.  As  this  stream  had  been  partially  explored  by  General  Gib- 
bon, who  gave  us  some  useful  infortnation  concerning  it,  we  have  called 
it  Gibbon's  Fork  of  the  Madison.  Its  valley  continues  eastward  for 
Mme  eight  or  ten  miles,  when  the  depression  terminates,  the  stream 
entering  it  ftom  the  north,  where  its  sources  evidently  lie  high  up  on  the 
divide  toward  Gardiner's  Bi ver.  Following  directions  given  by  General 
Gibbon,  we  found,  about  half  a  mite  above  our  camp,  the  first  indleatfon 
of  our  approach  to  the  geyser  re^on,  in  a  cluster  of  bot  springs,  which 
have  formed  a  terrace  a  little  back  from  the  north  bank  of  the  stream, 
and  from  60  to  80  fbet  above  its  level.  Th^  water  flowts  from  a  doeen  or 
more  different  openings,  of  which  the  principal  one  is  a  pit  from  2  to  S 
feet  in  diameter  and  15  feet  or  more  in  depth,  fh)m  which  water  is 
ejected  with  constant  ebullition  to  a  height  of  from  1  foot  to  3  fee^ebove 
the  levd  of  the  Burrounding  pool.  The  pool  itself  is  of  an  iitegnlM 
form,  something  likis  the  outline  of  a  goatskin  bottte,  with  th(d  spring 
in  the  mouth  of  it,  ab6ot  200  foet  long  by  ftbm  50  to  00  feet  Wide  in  it« 
main  part,  while  the  narrowest  part  of  the  neck  is  fh>m  10  to  15  foiM; 
wide.  The  temperature,  at  the  point  of  nearest  safo  approacli  to  1^ 
center  of  ebullition,  was  140^  •  loo  Ibet  distant,  the  water  escaping  from 
the  pool  gave  120^ ;  wbile  Mie  farthest  point  of  the  pool  gave  1200. 
The  exit  flow  was  rapid,  along  a  channel  averaging  about  8  feet 
wide  by  9  inches  deep.  This  had  built  np  its  banks  a  feW  InclMS  above 
the  surrounding  level,  and  at  two  <^  l^ree  points  ^e  deposit  had  even 
bridged  the  stream.  The  second  poo)  in  siise  was  quadrangulM*  in  form . 
and  measured  about  50  feet  on  a  side.  The  center  of  ebullition  eouNi 
not  be  approached ;  and  the  water  along  the  edges  of  t^e  pool  gave 


GEOLOOICAL  SURVEY  OF  THE  TEBRITORIES.       231 

only  H3P.  The  smaller  flows  varied  from  11<K>  ap  to  134^,  and  in  one 
ease  up  te  15(P,  Several  old  openings  along  the  outer  edge  of  the 
terrace  were  long  since  deserted ;  and  the  flow  is  now  only  from  higher 
levels  farther  back.  The  deposit  thus  appears  to  stop  np  the  channels 
and  so  to  force  the  water  back  until  it  finds  or  makes  new  openings  in 
the  disintegrating  jointed  masses  of  the  porphyry  which  form  the 
underlying  stratum  and  the  hill  behind  tUe  terrace.  At  only  one  point 
is  there  a  strong  flow  from  below:  this  is  on  the  immediate  bank  of  the 
stream,  and  the  temperature,  being  only  92^,  indicates  a  mingling  of 
erid  and  hot  springs. 

The  other  fork  of  the  Madison  has  from  this  point  been  called  the 

Fire-Hole  Biver;  but  it  is  hardly  a  distinct  stream,  and  should  more 

properly  be  called  the  Fire-Hole  Fork  of  the  Madison.    For  about  five 

iifles  above  its  mouth  it  passes  through  a  subcession  of  small  cations  with 

]xeeipitous  walls,  which  render  the  stream  inaccessible  in  most  places. 

Atone  point  there  is  a  fine  fiftll  of  about  30  feet.    There  are  also  two 

long  soceessions  of  rapids,  with  many  points  of  artistic  beauty.    After 

emerging  from  the  cafion,  and  getting  far  enough  out  in  the  bottoms  to 

dear  the  timber  and  look  back,  we  found  that  we  had  risen  so  rapidly 

aa  to  be  now  on  the  level  of  the  top  of  the  diffs  on  the  south  side  of 

tie  great  canon  through  which  we  had  passed  on  the  previous  day, 

while  those  on  the  north  side  are  seen  to  rise  rapidly  from  the  borders 

ef  the  cation  into  a  lofty  mountain-mass,  whose  northern  slopes  must 

gi?e  lise  to  some  of  the  head- waters  of  Oallatin  River. 

We  now  eotne  to  the  stream  which  Dr.  Hayden  descended  in  coming 

from  the  Yellowstone  in  1871,  and  whiOh  was  named  to  him,  by  his 

giHdes,  as  the  east  fork  of  the  Madison.    That  name  has  been  applied 

test  least  three  different  streams.    If  such  a  point-of-oompass  title.is 

ever  proper,  this  should  most  properly  belong  to  that  part  of  the  stream 

whieh  oomes  out  of  the  Gallatin  Mountains  and  joins  the  Madison  nearly 

epposite  Tygbee  Pass.    We  r.ow  propose  to  call  the  stream  whieh  joins 

the  Madison  at  the  lower  end  of  the  geyser-basins  Hayden's  Fork,  after 

ito  first  known  explorer.    Here  we  first  met  with  the  hot  springs  of 

tiie  tower  geyser-basin.    One  of  the  first,  directly  on  the  bank  of  the 

mfx,  bad  a  temperature  of  197^.    In  the  mucilaginoos  deposit  upon  its 

idee,  Ehr.  Cartis  found  skeletons  of  diatoms,  but  no  living  ones ;  but, 

fcrbrther  statements  of  these  microseopioal  observations,  I  mnst  refer 

tekis  detailed  report    About  a  quarter  mile  farther  up  the  stream, 

above  the  first  bend,  a  strong  spring,  boiling  intermittently,  but  rarely 

ever  a  foot  in  height,  with  a  pool  about  26  feet  long  by  fiH>m  6  to  12 

feet  in  width,  gave  a  temperature  of  200^2  the  highest  found  in  the 

wkole  r^on,  and  a  frae4)ion  above  the  boilmg-point  theoretically  due 

le  that  devation.    And  now  we  were  in  the  midst  of  hot  springs  and 

geyeers,  and  shortly  camped  on  a  wooded  knoll  which  overlooks  a  ooa- 

cUeraUe  part  of  tbe  Loww  Basin.    We  had  expected  to  meet  Dr.  Hary- 

Me  party  in  this  neighborhood,  imd  soon  learned  ttat  they  had  reached 

tte  Basin,  coming  from  Bozeman,  via  the  Yellowstone  valley,  ai;  few  hoars 

More  as,  and  h^  pitched  camp  about  a  mile  fart^ier  east.    Kext  mom- 

isg,tlierefore,  we  oioved  over  and  joined  them.    The  collections  of  both 

IMities  were  now  packed  up;  specimens  were   gathered  fh>m   the 

feveers;  and  Mr.  Stevenson  started  with  them,  on  August  17,  for  Yir- 

SnisGity,  both  to  ship  the  specimens  and  to  procure  provisions  fbr  our 

letani  trip.    ]>r.  Hayden's  party  also  started  down  the  Madison,  on  the 

^Oth,  and  we  were  agaitf  nearly  alone,  thi>agh  a  few  visitors  from  Mon- 

^Mk  were  also  in  tbe  Basin  and  campi^  near  as  part  of  the  time. 

Anoog  them  was  probably  the  first  lady  who  ever  saw  the  geysers-^ 

1>^  Stone,  of  Bozeman. 


CHAPTER  III. 

YELLOWSTONE  FALL^-^BYSEE  BASINS— MADISON  LAKE- 
SHOSHONE  LAKE-AMOUNT  SHERIDAN— HEAD  OF  SNAKE 
BIVEE— JACKSON'S  LAKE— EETURN  TO  FOBT  HALL. 

Daring  Mr.  Stevenaon'a  abseDce,  aevea  of  as  made  a  short  trip  to  the 
Yellowstone  Falls  and  Lake,  starting  on  the  morning  of  the  21st.  As 
far  as  to  the  forks  of  Hayden's  Fork,  we  had  no  difficalty  in  following 
the  trail }  bat  here,  among  the  swampy  groand,  it  spread  oat  so  as  to 
be  very  blind,  and  we  finally  decided  to  make  one  for  onrselves, 
following  a  northeasterly  coarse.  The  slopes  of  the  dividing  ridge 
are  heavily  timbered;  and,  at  some  points,  we  foand  difficalty  in. 
forcing  oar  way,  thoagh  mach  twisting  about  was  generally  the  extent 
of  our  troable.  The  pack-mule,  however,  was  continuaily  running 
against  trees  and  loosening  the  rope;  so  that  either  ^^  tightening  up^  or 
^^  re-packing"  was  necessary  at  least  twenty-five  times,  in  making  not 
over  five  miles.  Upon  reaching  the  crest,  we  found  that  this  was  the 
highest  point  of  the  ridge  for  several  miles,  being  about  8,893  feet  above 
'  the  sea ;  but  this  we  did  not  regret,  when  we  came  to  view  the  surronnd- 
ing  scenery ;  for  we  not  only  enjoyed  the  sight  of  a  broad  expanse  of 
b^utifnl  coantry,  but  were  able  to  select  a  route  which  saved  us  some 
miles  of  travel.  From  the  summit,  we  descended  directly  to  the  head 
of  a  stream- valley  which  shortly  opened  out  into  broad,  grassy  areas, 
along  which  we  traveled  rapidly  toward  the  main  valley.  Near  the 
head- waters  of  this  little  stream,  we  passed  several  mud-pots  and  warm 
springs,  some  of  the  latter  showing  considerable  deposits  of  sulphur. 
Emerging  from  the  foot-hills,  we  found  that  this  stream  joined  the  Yel- 
lowstone south  of  the  Crater  Hills;  we  therefore  crossed  the  rolling 
prairie  to  the  northward,  and  camped  near  the  mouth  of  a  large  creek 
which  joins  the  river  just  north  of  the  Grater  Hills,  having  traveled,  as 
we  judged,  about  twenty-seven  miles.  Next  morning  we  struck  the 
trail  near  the  mouth  of  the  (a^edi,  and  reached  the  fe^  in  about  eight 
miles.  . 

Here,  there  is  little  to  add  to  the  descriptions  already  published.  We 
examined  and  admired  the  eanon  and  falls  from  all  the  customary  points ; 
but  those  of  us  who  descended  to  the  red  knob  which  stands  out  in  the 
middle  of  the  cafton,  in  front  of  the  loWer  fall  and  slightly  above  its 
level,  agreed  that  this  was  by  far  the  best  point  from  which  to  view  it 
Mr.  Jackson's  best  photographs  of  the  fall  were  taken  from  this  point 
Descents  to  the  bottom  of  the  canon  below  the  fall  have  heretofore  been 
made  on  the  east  side,  the  slopes  on  the  west  side  having  been  held  im- 
practioable.  But,  with  considerable  difficulty,  I  made  a  way  down, 
often  reaching  ahead  with  my  hammer  to  cut  holes  for  the  next  steps, 
and  stood  at  the  ibot  of  the  fall.  The  water  is  mostly  broken  into  drops 
before  reaching  the  bottom,  and  the  air  is  filled  with  spray,  driven  vio- 
lently down  the  cafion  by  the  strong  wind  created  by  the  rush  of  the 
Ml.  The  slopes  which  are  thus  kept  wet  are  well  covered  with  grasses 
and  flowers,  of  which  several  species  were  gathered.    This  is  evidently 
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«r  &vorite  grasiDg-groond  of  deer  and  elk,  whose  tracks  abounded,  even 
OB  (he  steepest  slopes.  I  was  here  the  victim  of  a  curious  delusion. 
Loc^ng  up  toward  the  fall,  I  saw  what  appeared  to  be  patches  of  small 
flow6FS,of  a  rich,  blue  color,  closely  resembling  the  patches  of  brilliant 
blue  ^^forget-me-nots,"  which  ornament  the  higher  crests  above  us.  In 
pursuit  of  them,  [  pressed  on  until  the  spray  became  a. drenching  rain, 
when  suddenly  I  saw  at  my  feet  patches  of  the  same  blue ;  but  they 
were  only  sky  reflections  from  the  wet  rocks  I  The  walls  of  the  canon  are 
largely  composed  of  soft  volcanic  ashes,  hardly  cemented,  which  disinte- 
giBte  rapidly ;  and  the  slopes  are  largely  covered  with  sliding  masses  of 
ttie  smid  thus  formed.  Where  this  is  reached  by  thespray  of  the  fall,  it  is 
partly  further  disintegrated  into  a  bluish-gray  mud,  and  subsequently 
piutially  cemented  into  a  fine-grained  argillaceous  sandstone,  stratified 
parallel  to  the  slopes.  These  slopes  descend  directly  into  the  river,  so 
that^  even  at  the  bottom,  the  utmost  care  must  be  used  in  walking. 
Along  the  edge  of  the  river,  several  small  hot  springs  occur,  which  steam 
Boderately,  but  rarely  to  such  an  extent  as  to  be  visible  from  the  top  of 
the  eanon.  I  was  able  to  reach  but  one  of  these,  which  had  a  tempera- 
tore  of  150^.  On  the  opposite  bank,  a  miniature  geyser  was  in  opera- 
tion ;  from  the  top  of  a  steep  cone,  about  a  foot  high,  a  half-inch  stream 
was  constantly  spirting  about  a  foot  from  the  orifice.  In  ascending,  I 
followed  the  track  of  an  elk,  part  of  the  way,  and  found  much  less  diiSi- 
enlty  than  in  the  descent.  On  the  east  slope,  regular  game-trails  are 
namerous ;  and  I  think  that  most  of  the  animals  which  graze  on  the 
western  spray-slope  approach  and  leave  it  by  fording  or  swimming  the 
river. 

The  upper  fall,  though  less  than  one-third  the  height  of  the  lower, 
appears  far  grander,  by  reason  of  the  momentum  of  the  mass  of  water, 
gained  while  rushing  down  the  rapids  which  extend  about  a  half  mile 
ap  stream. 

About  11  a.  m.  on  the  23d,  we  started  southward,  passing  the  Grater 
Hills  and  the  Mud  Geysers,  and  camped  on  the  shore  of  the  lake,  near 
ita  outlet,  about  5  p.  m^,  the  distance  being  eighteen  miles.  The  trails  were 
distinct  and  tolerably  level.  The  soil  here  is  very  loose  and  washes 
easily;  so  that,  in  many  places,  the  trails  made  in  1870  and  1871  are 
abeady  badly  gullied*  This  should  be  considered,  in  laying  out  roads 
aad  trails  through<the  park. 

On  moBt  of  the  early  maps  of  this  region,  a  large  lake  is  represented 
at  the  head  of  the  Yellowstone,  under  the  name  of  Eustis's  Lake,  a  name 
mppoeed  to  have  been  given  in  honor  of  General  Eustis,  of  the  Engineer 
Bateau,  Later,  it  appears  as  Sublette's  Lake;  aud  now,  for  several 
years,  it  has  been  called  by  the  general  name  of  Yellowstoue  Xiake.  If 
aoy  law  of  ^^  priority''  is  to  hold  in  geography,  it  would  appear  that  the 
aame  of  Eustis  should  be  again  and  permanently  api^lied  to  it,  unless 
theoriginal  Indian  name  be  ascertained  and  substituted  for  all  later  ones. 
Aflide  from  this  general  i»inciple  of  priority,  there  is  no  doubt  that  the 
present  name  is  tiie  best ;  and  it  has  become  so  generally  known  that  it 
is  likely  to  hold.  The  first  map  which,  so  far  as  known,  represents  the 
lake  with  anything  like  its  true  form  is  a  manuscript  one  by  Jedediah 
S.  Smith,  who  hunted  through  the  mountains  from  California  to  the 
British  Possessions,  during  the  years  from  1821  to  1830.  The  original 
was  purchased  in  Oregon  for  the  War  Department,  but  is  supposed  to 
have  never  reached  Washington.  A  copy,  taken  iu  1853,  exists  in  the 
bands  of  Mr.  George  Gibbs,  of  New  Havon,  ConnecticuL 

When  we  arrived  at  the  lake,  in  the  afternoon,  the  usual  daily  wind 
waa  blowing,  and  considerable  waves  were  dashing  upon  the  beadi ;  but 
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lM)th  wind  and  waveB  sabsided  during  the  night,  and  both  air  and  water 
were  i>erfeetl7'  ci^m  at  snnriae  next  morning.  While  getting  (M^eakfital^ 
we  beard  every  few  menients  a  oarioas  eoand,  between  a  whistie  and  a 
hoarse  whine,  whoee  locality  and  ofaaraotorwe  conld  not  at  flrst  determine, 
though  we  were  inelined  to  refer  it  to  waiter-fowl  on  the  other  ade  of  the 
lake.  As  the  eon  got  highM*,  the  eonnd  increased  in  foroe,  and  it  now 
became  evident  thiit  gnats  of  wind  were  passing  through  the  air  above 
ns,  though  tlie  pines  did  not  as  yet  indicate  the  least  motion  in  the  lower 
atmofq>l^reb  we  started  before  the  almost  daily  westerly  wind,  of  whioli 
these  gnsta  were  evidehtly  the  forerunners,  had  began  to  raffle  the 
lake.  « 

Grasshoppers  were  so  scarce  that  we  did  not  succeed  in  catching  a 
single  one  of  iMe  wormy  trout  for  which  the  lake  is  fhmous. 

Beaching  the  mnd-geysers  about  10  o'clock,  we  found  the  principal 
spring  jnst  ready  to  eropt^  and  so  were  detained  onl  v  a  fe^  minutes. 

Having  thus  briefly  inspected  the  wonders  of  the  TeUowstone,  we 
turned  back  along  the  regular  trail  toward  the  geyser-basins,  and  got 
to  camp  thstt  night  by  a  rather  hard  march  of  about  thirty-seven  miles. 
Oonsidering  the  charaot^:^  of  ground  and  timber  along  this  trail,  we 
were  satisfied  that  we  lost  nothing  by  leaving  it  on  our  outward  trip. 

During  this  time,  Mr.  Bechler  bad  gone,  with  his  assistants,  to  examine 
the  divide  to  the  west  of  the  Fire-Hole,  and  to  locate  a  stream  supposed  to 
exist  in  that  direction  and  which  had  been  mapped  as  the  south  fork  of  the 
Madison.  But  no  such  stream  exists,  unless  it  be  the  short  one  before 
described  as  forming  in  the  north  face  of  the  mountain,  jnst  east  of 
Gllyghee  Pass.  The  divide  is  high  and  largely  covered  with  dense  tim- 
ber, mostly  young,  the  old  growth  having  been  burned  off.  Only  vol- 
canic rocks  were  found,  being  mostly  obsidian  sandstones,  which  are 
very  porous.  Accordingly,  he  found  but  little  water.  Bpnngs  and  x>ools 
occasionally  appeared  in  the  canons,  but  soon  sank  again.  Froin  what 
I  saw  elsewhere  in  this  neighborhood,  I  judge  that  he  would  probably 
have  found  more  open  timber  and  more  water  along  the  spurs  than  he 
did  along  the  cafions.  Hollows  among  and  upon  the  spurs  become  par- 
Itolly  pudcBed,  and  so  frequently  hold  water ;  while  the  flow  of  springs. 
constantly  wearing  their  channels,  however  slightly,  is  quickly  absorl^ 
by  porous  soils.  At  two  points  the  party  foand  small  clasters  of  hot 
springs,  some  of  which  spouted  a  little,  but  no  considerable  geysers. 
The  caCkms,  running  westward,  finally  l^ad  out  to  the  basin  of  Henry's 
Lake,  whence  the  party  retunied  by  our  old  trail  through  Tyghee  Pass. 

Ooncerning  the  geysers,  springs,  and  pools  of  the  main  geyser-basins 
on  Fire-Hole  Fork,  so  much  has  already  been  written  that  I  propose  to 
merely  note  a  few  of  the  more  prominent  points  winch  especially  at- 
tracted my  attention,  and  which  have  to  do  radier  with  generalities  than 
with  details,  except  in  case  of  localities  not  visited  by  those  who  have  pub- 
lished descriptioHS.  In  this  latter  case  I  think  it  best  to  be  pretty  foil, 
in  order  that  we  may  reach  as  far  toward  a  complete  description  of  this 
interesting  region  as  is  possible  for  those  Vho  only  make  bri^  visits  to 
it.  It  is  to  be  hoped  that  means  will  be  found,  ere  long,  to  locate  two  or 
three  persons  here  for  an  entire  season,  so  that,  by  protracted  detailed 
observations,  we  may  obtain  something  like  an  approximate  idea  of  the 
laws  whidi  govern  the  wonderfol  phenomena  here  displayed  on  so  grand 
a  scale. 

At  one  point  in  the  lower  basin,  near  the  ArchitSctural  Geyser,  we 
found  masses  of  volcanic  sandstone,  perforated  by  numerous  irregular 
holes  from  a  quarter  inch  to  an  inch  in  diameter,  which  had  evidently 
been  dissolved  out  by  the  hot  waters,  in  their  eBCBupe  to  the  snrflaee. 
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Heie,  I  tkink,  im  baive  an  eKaniple,  on  a  miaU  scate,  of  the  process  by 
wkM  mm  kvge  eaveriMMis  '[^Is.  of  which  eo  nraoy  exaafiefti  ooovr  all 
■boat  vsy  hare  been  eKcavat<M}«  it  weold  ai^^ear  that^  ia  nan  j  oaseB 
al  laut,  the  hot  alkaliiie  (f )  wster,  as  it  reaehes  the  aarface,  ia  not  tfaor- 
oaghly  (wtateted  with  sHiea,  and  aecordingl  j  diMolres  awmy  the  walls 
d  its  orlftoeBy  so  as  te  vndermine  the  sanouiidiBg  area,  the  sarfaee  of 
wUoh  ftdls  in,  nntil,  in  many  cases,  large  caverns  are  excavated.  This 
aetion  appeafs  to  be  Umited  in  two  ways:  ftrst^  the  pool  may  reach  sach 
4iiMDSioDs  that  the  quantity  of  waAer  oonslantly  sapplied  bears  so 
snail  a  ratU>  to  the  whole  contents  that  the  whole  pool  becomes  par- 
tWly  cooled  as  well  as  somewhat  concentrated  by  evaporation,  and  so 
the  excavation  ia  cheeked,  if  not  stopped ;  and,  secondly,  the  sopply- 
pipe  may  becoaM  almost  entitely  stog>ped  up,  so  tiiat  barely  enoagh 
water  is  supplied  to  make  good  the  loss  by  evaporation,  in  which  case 
tte  soiotion  of  silica  would  become  snpersatarated,  and  the  silica  itself 
he  deposited  on  the  watts  and  bottom  of  the  pool  until  it  be  ultimately 
dosed  again,  unless  the  stoppage  of  the  tube  be  removed,  and 
tiie  snccession  of  conditions  thus  begun  again.  If,  however,  the 
stoppage  of  the  tube  be  oomplete,  the  silica  will  soon  all  be  de- 
posited by  reason  of  the  evaporation  of  the  water,  and  the  pool  will 
beoMBe  a  dry  oa/vem,  CEceept  in  positions  where  it  may  be  kept  full  by 
the  dnunage  of  surlBM^e-waters.  Tbe  large  deep  pools,  however,  are 
generally  very  hot,  showing  a  constant  supply  &om  beneath,  and  many 
of  them  are  in  oonstwit  ebullition,  though  rardy  trae  geysers ;  indeed, 
I  believe  that  the  Qiantess,  in  the  Upper  Basin,  is  the  sole  exception  to 
tiie  rule,  so  fhr  as  yet  observed ;  and  this  is  probably  in  its  last  stages 
and  near  extiuctioB,  if  we  may  judge  by  the  length  and  irregularity  of 
its  inltervala 

The  amaUer  vents  vary  greatly  in  tempsratnrej  depending  apparently 
span  the  greater  or  less  fraedoin  of  their  connection  wi^  the  heat- 
eenters  below.  In  sene  oaaes  tbey  are  few  and  solitary,  with  little  or 
as  deposit  aboat  them,  as  If  they  had  been  but  recently  opened.  Again, 
they  are  in  lai^  clusters,  of  whioh  the  more  elevated  vents  are  generally, 
Ihso^  not  lAways,  tbe  hottest  It  would  appear  that  thetoomparatively 
oompaet  deposit  of  nearly  piire  silica,  ibraMed  by  the  flowing  water,  is 
mch  less  readily  dissoh^d  and  disintegrated,  by  the  hot  flow  beneath, 
than  is  the  silica  of  the  more  porous  and  partly  aiig;illaceoas  volcanic 
leek  wkleh  Ibrms  the  slopes  of  the  hills ;  so  that,  when  a  vent  is  once 
•topped,  it  is  very  rarely  re-(q»ened,  unless  by  eartbqaake^ctacking,  and 
the  eheoked  water  is  foroed  backward  and  escapes  at  higher  and 
Ufher  fmnts  on  tbe  hlU-aideB.  In  the  geysers,  the  tube,  being  exposed 
to  tibe  air  at  fteqnent  intervals,  while  it  is  yet  dripping  with  the  rapidly 
evaporating  water  of  previous  eruptions,  receives  constantly.new  layers 
s(  siK^E^  which  are  but  stighftly,  if  at  all,  re*dissolved  by  the  necterup- 
ttm  $  and  so  its  sise  is  eonscaantly  deoreased,  vntU  the  tube  becouMseo- 
theiy  oloaed  and  a  new  vent  is  opened  elsewhere. 

Id  tbe  elwtars  of  small  vtots,  there  is  geaerally  more  or  less  sympa- 
tbetie  artimi,  showing  that  they  open  into  some  common  chamber  be- 
low, but  that  tbe  eonneetiiig  pamag es  are  more  or  iem  eontraoted^  so 
that  the  flow  of  steam  and  water  is  tu  Arom  being  controlled  by  tbe  ordi- 
aary  laws  of  hydrestatios.  Frequently  a  laifi^e  vient,  whether  a  geyaer 
or  afmply  a  boiling*pool,is  surroanded  by  a  nnmb«r  of  small  ones,  whioh 
ite  aotii^  wbilelt  is  quiet  and  quiet  while  it  is  active.  I  stood,  one 
Mmiog,  upon  the  mound  of  Fountain  Geyser,  ta  the  Lower  Basin, 
ulnae  pool  was  Ailed  to  overflowing,  and  was  watching  a  ynhoment 
itoam-jet,  a  hundred  yavds  away,  on  the  lower  slq^Ms  ^  the  terraoe. 
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Baddenly  this  eeased,  and,  at  the  same  instant,  Foiantain  oommenced 
playing,  throwing  a  body  of  water,  some  10  feet  in  diameter,  though 
mostly  broken  into  drops,  to  constantly  varying  heights  of  fh»m  5  to  over 
40  feet.  This  oontinned  tor  abont  thirty  minutes,  and  then  oeased  rather 
abrapUy ;  as  suddenly,  the  steamjet  commenced  again.  About  twenly 
minutes  later  it  ceased  again,  and  a  small  pool,  a  few  yards  from 
Fountain,  which  had  been  empty  before  the  tatter's  eruption,  bat  par- 
tially &lled  by  its  overflow,  immediately  began  to  boil  and  to  spit  water 
from  5  to  10  feet  high,  and  oontinned  intermittently  for  a  half  hour  or 
more.  During  its  periods  of  moderate  boiling,  the  steam-jet  opened 
again,  but  oefwed  when  the  boiling  became  more  violent.  Other  vents 
in  the  neighborhood  seemed  to  have  some  slight  sympatiiy  with  these. 
Similar  facts  were  noted  elsewhere.  Thus,  in  the  Upper  Basin,  Orand 
Geyser  has  only  a  small  pool,  and  erupts  only  at  long  intervals.  •  Close 
by  its  side.  Turban  Oeyser  is  almost  constantly  disturbed,  and  has  fre- 
quent small  jottings  of  from  5  to  20  feet ;  but,  when  Orand,  without  giv- 
ing any  warning,  sprang  suddenly  into  its  ipagniflcent  eruption,  nearly 
200  feet  in  height,  Turban  seemed  startled  into  more  violent  action, 
reaching  70  or  80  feet,  and  rising  and  falling  synchronously  with  Orand. 
Oiant  stands,  with  another  good-sized  mound,  upon  a  broad  platform  on 
the  river-bank.  As  1  first  saw  it,  water  was  spirting,  intermittently,  to 
heights  varying  from  6  inches  to  20  feet,  from  some  fifteen  or  twenty  sinall 
vents  on  various  parts  of  this  platform .  When  the  two  large  vents  began 
to  show  activity,  though  boiling  to  only  small  elevations,  these  little  ones 
became  quiet.  When  Fan  Oeyser  was  in  full  eruption,  its  partner,  30 
yards  ofi:,  was  steaming  gently.  Fan  stopped  for  a  moment,  and  its 
partner  foirly  roared  with  a  rush  of  steam,  which  stopped  as  soon  as  Fan 
opened  again.  Yet  they  are  not  in  full  sympathy ;  for,  on  another  oc- 
casion, Fan  was  steaming  or  boiling  very  gentiiy,  while  its  partner  was 
boiling  furiously,  and  throwing  water  5  <Mr  10  feet  high,  but  with  quiet 
intervals,  during  which  Fan  showed  no  access  of  force.  (Under  such 
circumstances,  one  is  inclined  to  question  whether  Fan's  partner  may 
not  possibly  serve  as  the  vent  for  two  distinct  geyser^tubes.)  The  three 
pools  which  surround  Oiantess  lost  much  water  by  her  eruption,  bat  were 
not  drained  as  low  as  the  bottom  of  her  pit  when  that  was  empty. 

In  many  oases,  however,  vents  almost  side  by  side  show  not  the  least 
sympathy.  About  200  feet  east  of  the  Bt^y  Oeyser,  in  the  Lower 
Basin,  which  constantly  spouts  from  5  to  20  feet,  Young  Hopeful  spirts 
from  2  to  10  feet  high  for  from  sixty-five  to  eighty  seconds,  with  quiet 
intef  vals  of  about  the  same  length.  About  00  teet  from  it,  another  small 
vent  spirts  from  6  inches  to  2  feet,  for  from  thirty  to  forty  seconds,  with 
intervals  of  from  forty*flve  to  sixty  seconds.  Here  is  evidently  no 
sympathy. 

The  deposits  made  by  the  springs  and  geysers  vary  greatly.  Where 
the  flow  is  gentle,  the  deposition  generally  takes  place  in  thin  laminie, 
of  thickness  varying  from  that  of  a  sheet  of  paper  to  a  quarter  inch. 
Though,  as  firevioii^y  stated,  this  is  so  compact  as  to  be  dissolved  with 
difficulty  from  below,  yet  its  thin  laminse  are  readily  separated  and 
broken  by  frost,  and  form  a  very  peculiar,  fine  gravel,  immediately  rec- 
ognized aftM  having  been  once  seen,  which  has  served  to  indicate  the 
former  location  of  hot  springs  over  broad. areas  which  give  no  other 
evidence  of  such  yents  ever  having  existed.  In  the  small  pools 
which  surround  many  of  the  geysers,  we  frequently  find  great  numbers 
of  apparently  water-worn  pebbles ;  but,  upon  breaking  them,  we  find 
their  structure  concentric,  and  it  becomes  evident  that  Uiey.have  grown 
by  constant  surface^accretions,  while  the  frequent  agitation  <5f  the  pools, 
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l^  water  falling  from  the  geyser-jete,  has  prevented  their  being  cemented 
U>  the  bettom,  and  has  at  the  same  time  aided  in  keeping  tbem  smooth. 
Where  ttiese  are  few,  so  as  to  have  plenty  of  room  for  rollings  they  are 
commonly  qnite  regnlar,  and  often  nearly  spherical;  bat,  where  they 
are  nomeroQS  and  crowded,  they  wear  each  other  qaite  irregularly,  ao  that 
polyhedral  forms  abound.  Often,  while  the  lower  portions  are  thns  poly- 
hedral, the  exposed  upper  surfaces  are  quite  regularly  spheroidal.  The 
<mginal  centers  of  concretion  seem  to  have  been  very  minute  fragments, 
broken  from  the  surfisices  of  the  geyser-cones,  probably  by  the  rush  of 
the  ertiption.  In  some  cases,  the  upper  surfaces  of  these  concretions  are 
pearly,  in  others  they  are  beaded ;  occasionally  the  whole  sur&ce  is  beaded, 
or  is  covered  with  prickly  points.  These  surfaces  are  also  frequently 
deposited  upon  fragments  of  the  laminated  material  which  may  have 
\fj  any  means  found  their  way  into  these  crystallizing  badis.  These 
pearly  and  beaded  and  prickly  surfaces  are  also  individual  characteris- 
tka  of  the  deposits  of  different  geysers,  and  vary  g^reatly  in  detail.  The 
immediate  oiiflce  of  a  geiyser  is  almost  universally  beaded,  and  this 
efaaracter  extends  to  greater  or  less  distances  from  it,  according  to  the 
difltribntion  of  the  falling  water,  surfaces  frequently  thus  washed  or 
^Ninkled  being  almost  universally  of  this  character.  Such  surfaces,  on 
the  contrary,  as  are  frequently  bathed  in  steam,  without  much  spray, 
are  neariy  always  pearly,  as  if  the  steam  itself  carried  enough  silica  to 
form  the  extremely  thin  layers  which  are  essential  to  pearly  luster. 
This  is  commonly  the  character  of  the  upper  surftMses  of  those  coral-like 
growths  which  form  along  the  borders  of  many  of  the  quiet  hot  pools, 
while  tiieir  lower  surfaces  are  covered  with  prickly  points.  In  nearly 
every  pool,  except  where  ebullition  is  so  strong  as  to  break  up  such  ten- 
der tissues,  we  see  gelatinous  vegetable  forms  allied  to  mycelium^  or 
tiie  ^mother"  of*  vinegar,  sometimes  in  broad,  thick  sheets,  sometimes 
in  thick  branching  forms,  resembling  sponges,  sometimes  in  long  waving 
fibers.  The  former  kinds  are  generally  either  green  or  rusty  brown ; 
the  fibrous  forms  are  generally  pure  white.  These  are  very  common  in 
tiie  rapidly-flowing  outlets  of  the  hot  pools,  and  are  continually  repro- 
daeed  as  these  chMinels  fill  up  with  newly-deposited  silica;  so  that,  in 
breaking  through  the  crust,  we  often  find  laminse  filled  with  molds  of 
those  fibers,  and  sometimes  to  such  an  extent  as  to  closely  resemble 
nKeified  wood. 

Fiom  our  camp  on  the  east  side  of  the  lower  basin  we  saw  on  several 
oeeaeions'  tall  columns  of  steam  rising  from  near  the  foot  of  the  ridge 
on  the  extreme  western  side  of  the  basin,  but  at  first  refeired  them  to 
the  chister  among  which  we  had  camped  on  the  evening  of  our  arrival. 
Bot  upon  examination  we  found  a  considerable  stream  comin  g  from  west  of 
the  Twin  Buttes,  which  had  not  been  seen  by  previous  explorers,  and 
whose  valley  included  a  cluster  of  large  geyser-mounds,  firom  which  these 
eolnmns  of  steam  must  have  escaped.  Though  this  group  was  visited 
on  three  different  occasions,  none  of  us  were  so  fortunate  as  to  witness 
any  emption  from  these  vents.  On  entering  the  valley  from  below,  we 
see  before  us  a  range  of  four  large  mounds  running  diagonally  across 
it  The  two  central  ones  are  the  highest,  and  appear  so  much  as  if  they 
were  guarding  the  upper  valley  that  this  was  called  Sentinel  Branch. 
Approaching  this  row  itom  the  east,  the  first  spring  observed  is  upon  a 
low  mound,  near  the  foot  of  the  spur  which  separates  this  valley  from 
t^e  main  one.  It  is  a  deep  oval  pool,  whose  two  diameters  are  about 
12  and  15  feet,  with  a  beautifully-scalloped  edge,  not  raised  above  the 
general  surface  of  the  mound.  The  temperature  is  198^,  and  this  is 
pt^bly  a  geyser.    Several  small  vents  also  appear  on  this  mound,  but 
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no  otber  is  iniporteDt.    A  little  to  the  left,  aa  we  advance  accoss  the 
yaU^^t  spon  a  very  flat  moand,  we  find  a  olaeter  of  four  large  and  aev- 
eral  small  venta.    The  beady  deposit  about  tbem  is  very  pretty.    Qoe 
of  tbe  IdTger  vente  apparently  apoats  moderately,  though  not  frequently. 
The  tempefatarea  vary  from  191^  to  193^.    A  tew  rods  farther  on,  we 
come  to  a  tronoated  conual  mound, risiog about 22  feet  above^hecceek, 
on  whooe  bank  it  ataada.    Upon  the  summit  is  a  shallow,  nearly  oircu- 
lar,  pool,  aboot  nine  li^et  aoross,  bordeied  with  an  exquisite  frilled  edging, 
from  four  to  six  inehes  high  from  the  surliEM%  of  the  mound.    From  thiSt 
three  or  four  small  streams  flow  over  the  edge  and  down  the  side  of  tbe 
moottd  tJuough  deeply-imbedded  channels.    This  appears  to  be  a  strong 
spoiiter,  and  is  probably  the  source  of  the  taU  column  of  steam  before 
mentioned.    Tbe  creek  outs  into  tbe  baae  of  the  mound  on  the  north 
and  west  aides,  and  will  probably  before  many  years  cut  into  tbe  central 
tube  and  cause  the  eraptions  to  take  a  horizontal  diiectioui  as  well  as^ 
or  instead.  o£^  a  vertiofd  one.    The  temperature  is  198^.    A  few  rods 
lartiiery  on  the  west  side  of  the  creek,  stands  another  mound  of  the  same 
form,  but  from  two  to  three  feet  lower,  and  its  pool  is  a  little  less  regu- 
lar.   It  has  also  a  small  conical  vent  just  outside  the  pool«    This  has 
probably  been  a  strong  spooter,  but  I  thiuk  that  it  doe^  not  now  erupt ; 
temperature,  197^.    The  ornamentation  about  these  two4K>ols  appeared 
to  me,  as  well  as  to  others,  to  be  the  most  beautiful  of  any  in  the  whole 
baan.    Still  going  westward,  we  find,  in  the  extreme  edge  of  the  valley, 
en  the  top  of  a  low  mound,  a  duster  of  four  vents,  from  one  to  two  and 
a  half  feet  across,  quite  irregular  in  shape,  and  all  boiling  too  viole-ntly 
to  allow  one  to  take  tbe  temperi^tures.    All  were  surrouiMied  by  be^-like 
inernatations.     I  judge  that  they  all  spout  moderately*    Aloog  this 
western  side  of  the  valley,  the  base  of  tbe  bill  is  thoroughly  saturated 
by  the  flow  ef  very  numerous  cold  and  sligbtly  warm  spring    Aboot 
a  q|i}arter*mile  above  the  mounds,  we  found  tbe  creek  flowing  rapidly  iu 
a  narrow  deep  channel  with  muddy  banks,  and  not  easily  crossed.    Its 
tempenicujse  of  52^,  and  the  entire  absence  of  the  siliceous  fragments 
elsewheoe  so  abundant,  satisfied  us  that  no  hot  springs  exist  in  the  npper 
part  of  its  valley.    Beturniag  to  our  former  crossing,  between  the  high 
mounds,  we  tanned  south  along  the  east  side  of  the  valley.    Here  is  a 
low  mound  on  the  foot  of  tbe  spur,  which  had  shown  only  tbe  smallest 
whiffs  of  steam,  and  had  been  supposed  to  be  nearly  extioctf  but,  upou 
^>proaching  the  vent,  we  found  a  deep  basin,  apparently  hollowed  out 
of  dark  basalt,  but  really  lined  with  a  smooth-surfaced  dark  reddish- 
brown  siliceous  deposit,  made  by  the  spring  itself.    Tbis  is  very  different 
in  color  from  any  other  known  in  the  whole  Fire- Hole  Valley,  and  wa^ 
called  tbe  Iron  Pot.    It  was  boiling  moderately  at  about  six  feet  below 
the  surface,  when  first  seen,  but  afterward  filled  nearly  to  tbe  surfai^e. 
Its  temperature  could  not  be  obtained.    Tbe  term  of  tbe  pool  is  ovate, 
about  7  feet  by  5  at  the  lowest  level  seen,  and  expanding  above  to  about 
10  feet  by  7.    Though  it  auiy  often  fill  its  pool,  it  probably  does  not 
speut  much.    A  hundred  yards  farther  south,  along  the  foot  of  the 
spur,  there  is  an  irregularly -oblong,  steaming  pool,  about  100  feet  by  30, 
aAd  from  15  to  20  feet  deep,  with  two  or  three  deeper  pits.    At  the  east 
end  it  boils  constantly  and  sends  off  dense  clouds  of  steam.    Along  the 
edge  at  this  end,  the  ordinary  pearly -beaded  deposits  are  abundant*,  while 
a  few  inches  within  the  rim,  and  sometimes  attached  to  it,  were  numer- 
ous coral  or  mushroom-like  forms  with  broad  tops  expanding  from  a 
slender  base.    The  iioFtions  of  these  forms  which  are  toward  the  steam, 
and   so  are  oonatantiy  moist,  are   covered  with   small   points,   re- 
minding  one  of  the  polyp-cells  of  the  Madrepores,  while  the  oppo- 
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mtb  sideai  wbkdi  miut  be  alternately  wetted  by  the  steam  and 
ipnj  and  dried  by  tibe  wind,  have  the  beaatifol  pearly  luster, 
partly  dae  to  the  thin  lamination  of  its  stmctare  and  partly  to  the 
apalme  eompositaon  of  the  material.  The  west  end  of  the  pool  is  shal- 
low, and  the  water  flows  from  it  to  the  foot  of  the  slope  over  broad  and 
bImBow  terraeed  steps,  resembling  the  deposits  of  the  calcareous  springs 
of  Oardiner^  Biver,  thongh  on  a  much  smaller  scale.  The  main  pool 
ooidiere  showed  a  b^gher  temperature  than  187^,  bnt  a  little  vent  two 
fcet  from  its  rim  gave  193^.  Several  small  pools  and  vec^s  were  noticed 
IB  tiie  ai^oining  timber,  but  none  that  deserve  special  mention. 

Thongh  tiiis  whole  valley  is  more  or  less  miry,  yet  its  luxuriant 
gfowth  of  graases  and  other  forage-plants  attracts  the  game,  whose  trails 
abowd  in  e^ery  direction;  and  this  is  probably  the  best  location  for  a 
laodi  that  oan  be  found  in  the  Lower  Basin.  The  camping-ground  on 
tteesst  side  of  the  valley  is  low  and  damp,  so  as  to  be  unhealthy  for  a 
prabnged  stay.  If  a  hotel  were  to  be  located  in  the  region,,  the  best 
[teo  woidd  t»robably  be  on  the  foot-hills  on  the  east  side  of  the  river, 
between  tfaHO  Lower  and  Upper  Basins,  since  cold  springs  and  abundant 
fonge  widiiB  easy  reach  would  there  be  combined  with  dry  locations  for 
baildiDg,  while  the  wonders  and  beantiesof  either  basia  would  be  but  a 
Aertdtotance  ofL 

Most  of  tte  €(dd  ponds  found  at  intervals  throughout  the  valley  are 
plainly  extinct  hot  springs ;  but,  among  the  timbered  hills  about  a  half 
mile  soatbwest  of  the  White  I>ome  Geyser,  there  is  a  large  one  which 
iB  lot  of  this  charact^.  It  has  no  outlet*  Just  south  of  it  is  another 
Mlow,  onoe  ooenpied  by  a  still  larger  pond,  oi  which  only  a  small  pool 
nov  remains,  while  the  old  bottom  is  covered  with  a  very  luxuriant 
growth  of  grasses  and  sedges. 

Between  the  two  basins,  Babbit  Branch  eaters  the  river  firom  the 
tast,  with  a  atrong  flow  of  hot  water.  The  whole  of  its  short  valley  is 
tUed  with  warm  and  hot  springs.  The  principal  one,  at  the  head  of  the 
Bortii^rtt  fork,  a  large  steaming  pool,  reaches  148^,  and  is  not  surpassed 
bnf  lay  of  its  neighbors.  About  the  forks  of  the  stream,  a  considerable 
ehiater  of  steam-vents,  pools,  and  mud-pots  give  various  temperatures 
op  to  I860  and  192^ ;  yet,  as  a  whole,  the  group  shows  but  little  activity. 
SteiiD'VMits  and  small  pools  run  £eur  up  the  side  of  the  mountain.  At 
the  head  of  the  southern  fork,  separated  from  the  last  group  by  from  200 
to  300  yards  of  timber,  is  a  cluster  of  mostly  small  sj^ngs,  which  shows 
nther  greater  activity.  The  principal  vent  is  situated  under  the  pre- 
ciintoas  bank,  and  is  apparently  working  backward  by  undermining  the 
Qvahanging-  rock.  Large  masses  have  already  slipped  off  and  fallen  in  to 
the  narrow  pool,  so  as  to  greatly  interfere  with  the  free  motion  of  the 
water;  and,  aeeordingly,  though  steaming  and  boiling  furiously,  it 
9*tters  only  a  short  distance.  It  was  inipossible  to  reach  the  boiling 
center;  tJie  nearest  accessible  part  of  the  pool  gave  a  temperature  of 
1920.  Grossing  the  spur  to  the  southward,  we  found,  instead  of  a  broad, 
ftft  Yslley,  like  the  one  we  had  just  left,  a  narrow,  steep  ravine,  partly 
with  preoipitons  sides,  at  only  one  point  of  which  did  we  &ee  slignt  indi- 
cations of  warm  springs.  There  was,  however,  an  abundant  flow  of  cold 
^ringe^  fully  equal  in  volume  to  that  of  the  hot  springs  of  Babbit 
Bnuieh.  Aa  no  difference  was  noticed  in  the  rocks  of  the  two  hollows, 
we  eoald  refer  their  difference  in  form  of  erosion  only  to  the  solvent 
pover  of  the  hot  waters. 

As  we  approach  the  Upper  Basin,  we  find  considerable  stretches  of 
awampy  flats,  now  nearly  destitute  of  apy  signs  of  hot-spring  action, 
hut  probably  occupied  by  such  springs  in  former  times.    In  the  Upper 
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Basin,  we  find  fewer  of  the  mireholes  wbich  render  travel  difficalt  and 
even  aangeroas  in  some  parts  of  the  Lower  Btisin.  The  surface  is  made 
np  largely  of  the  thinly-laminated  sinter,  broken  np  by  frost  and  sun, 
and  partly  of  the  clay  left  behind  in  the  disintegration  of  the  volcanic 
rocks  and  the  removal  of  the  silica  by  the  hot  waters. 

The  larger  geysers,  so  far  as  yet  known,  are  clustered  within  a  rather 
limited  area,  so  that  one  can  generally  watch  three  or  four  at  once.  The 
different  ones  have  very  different  periods  of  ernption ;  and,  in  many, 
the  successive  intervals  of  any  one  vary  considerably.  The  violence  of 
eruptions  also  varies  greatly ;  but  no  law  of  connection  between  relative 
violence  and  length  of  interval  has  yet  been  determined.  Many  of  the 
geysers  erupt  without  any  noise,  other  than  the  mere  rush  of  water  and 
steam ;  but  the  eruptions  of  several  of  the  larger  ones  are  constantly 
accompanied  by  violent  regular  pulsations,  audible  to  a  considerable 
distance,  and  shaking  the  earth  for  many  rods,  as  if  a  fifty-thousand* 
horse-power  steam-pump  were  in  full  action  down  below.  In  one  ernp- 
tion of  Giantess,  five  or  six  pulsations  were  heard  before  the  water  be- 
gan to  rise.  Their  rate  was  at  first  seventy-three  per  minute,  bat 
slightly  decreased  toward  the  close  of  the  ernption.  One  eruption  of 
Grand  started  with  seventy-two  pulsations  per  minnte,  which  decreased 
to  seventy,  in  the  course  of  twenty  minutes,  and  became  fhinter  and 
fainter.  Another,  of  the  same  geyser,  started  at  seventy-three  per  min- 
ute, slowing  gradually.  In  most  instances,  these  pulsations  cease  when 
the  flow  of  water  ceases ;  but  they  were  once  observed  to  continue  for 
some  minutes  after  the  opening  of  the  final  rush  of  steam.  This  escape 
of  steam  often  comes  with  greater  velocity  and  noise  than  that  of  the 
water,  and  is  really  a  part  of  the  eruption,  though  generally  not  so  con- 
sidered. 

The  erosion  effected  by  the  erupted  water  is  generally  very  stf  ght^ 
being  confined,  even  in  case  of  the  most  abundant  flow,  to  the  channels 
by  wbich  the  water  escapes  and  to  the  space  immediately  abont  the 
vent,  where,  however,  the  sinter  is  generally  very  compact,  and  is  in- 
creased by  deposition  from  evaporation  rather  than  eroded  by  the  fall- 
ing jet.  In  the  case  of  Pan  Geyser,  the  main  jet,  instead  of  being  ver- 
tical or  nearly  so,  escapes  at  an  angle  of  about  60^  with  the  horizon, 
and  the  falling  water  has  hollowed  ont  the  disintegrating  sinter  qnite 
deeply  for  a  space  of  about  115  feet  from  the  vent. 

In  some  of  the  shallower  hot  pools,  we  'find  beantifhl  rosettes  of  sin- 
ter, of  variable  thickness,  slightly  attached  to  the  bottom.  In  their 
earliest  stages,  these  are  extremely  thin,  and  from  the  lower  side  small 
spiny  processes  fall  to  the  bottom,  much  like  the  rooting-processes  of 
the  bryozoans,  or  the  roots  which  depend  from  the  branches  of  the 
mangrove  and  the  banyan.  Judging  by  their  general  appearance  and 
conditions,  these  probably  originate  as  fragments  of  very  thin  pellicles 
formed  by  evaporation  upon  the  very  surface  of  the  pool,  and,  broken  np 
by  the  wind,  each  fragment  tends  to  sink;  but  some  of  them  escape  that 
fate,  and  more  material  accumulates  by  evaporation  upon  their  wet  edges, 
so  that  they  become  basin-shaped  and  float  securely.  I  cannot  acconnt 
for  the  basal  spires,  about  which  a  solid  pedestal  finally  accumulates,  ex- 
cept by  supposing  that  they  have  central  nuclei  of  the  small  fibers  of 
my^eliumj  which  are  floating  in  all  these  pools  in  greater  or  less  abun- 
dance. 

With  the  exception  of  these  low-grade  vegetables,  and  the  larves  of 
Relicop9ychej  found  by  Mr.  Taggart  in  water  of  temperatnre  of  18(K>,  we 
saw  no  evidence  of  the  existence  of  living  forms  in  these  very  hot 
pools. 
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A  small  stream,  carrying,  perhaps,  15  feet  of  water,  enters  the  river 
from  the  west,  jast  below  the  mouth  of  Iron  Spring  Creek.  It  rises  far 
np  on  the  western  divide.  About  a  half  mile  up  from  the  river,  we  enter 
a  sharp,  narrow  canon,  along  which  small  hot  springs  still  occur,  and 
arrive,  in  about  a  half  mile  farther,  at  a  fine  fall  and  cascade,  some  80 
or  90  feet  high.  The  chief  interest  of  the  spot  is  in  the  inclined  bedding 
of  the  volcanic  sandstone,  which  dips  strongly  to  the  southwest.  So  far 
aslcould  judge,  this  was  not  consequent  upon  disturbance  and  up- 
heaval of  the  beds,  but  upon  the  slope  of  the  surface  upon  which 
the  materials  were  originally  deposited.  Upon  the  west  side  of  Sen- 
tinel Branch,  I  found  westerly  dips,  and  upon  the  divide,  toward 
the  Yellowstone,  northeasterly  dii>s.  Though  the  question  cannot  pos- 
itively be  decided  without  many  more  detailed  observations,  yet  I  am 
BtroDgly  inclined  to  l^elieve  that  we  have  at  these  points  remnants  of  the 
ODtward  slopes  of  a  huge  crater,  whose  central  area  was  large  enough 
toioclade  most  if  not  all  of  the  heat-vent«of  the  two  geyser- basins. 
Possibly  there  was  a  central  cross-division  between  the  two  basins;  but 
I  Doticed  no  decisive  dips  thereabout.  On  the  foot-hills  of  the  east- 
ern ridge,  perhaps  a  hundred  and  fifty  yards  southeast  of  Giantess, 
westerly  dips  occur,  which,  according  to  the  above  supposition,  must 
lepiesent  the  internal  slope  of  the  crater. 

Mr.  Stevenson  returned  from  Virginia  City  with  supplies  on  the  last 
day  of  August,  and  we  started  upon  our  return-trip  the  next  day.  Stop- 
ping one  day  in  the  upper  basin,  to  make  our  final  observations  upon  the 
geysers,  whose  like  we  exi)ected  to  see  no  more  for  years,  we  again 
JDOved  southward  on  September  3. 

Above  Old  Faithful,  which  is  recognized  as  the  last  large  geyser  of 
the  upper  basin,  there  are  only  a  few  hot  springs,  mostly  small,  includ- 
log  one  small  geyser.  The  vsdley  soon  narrows  to  a  deep,  impassable 
eaaon,  with  i^erpendicular  walls  of  trachyte,  with  nearly  vertical  dips 
and  east  and  west  strike.  The  trail  is  here  forced  to  the  top  of  the 
huk,  following  the  east  side  of  the  canon,  and,  in  the  next  half  mile, 
passes  dose  by  a  set  of  beautiful  cascades  at  the  head  of  long  rapids. 
Tfaeprincipal  fall  is  30  feet  high  and  40  feet  wide,  with  a  side  jet  about 
5  feet  wide,  like  a  mill-tail.  The  water  was  about  1  foot  deep  on  the 
nest  of  the  fall.  Fifty  yards  below,  all  this  water  is  forced  through  a 
passage  only  abont  5  feet  wide,  and  rushes  with  great  violence  into  a 
deep,  still  pool  below.  From  a  rocky  point  directly  in  front  of  the  fall, 
there  are  fine  views  up  and  down  the  ravine;  and  it  is  well  worthy  of 
A>iait  from  all  who  would  see  the  beanties  as  well  as  the  wonders  of  the 
feyser-basins.  The  main  fall  much  resembles  the  Middle  Fall  at  Trenton, 
Kew  York.  From  this  point,  the  parties  of  1871  turned  across  the  divide 
toward  Yellowstone  Lake.  The  rapids  above  the  fall  are  moderate,  and 
the  hanks  spread  out  into  a  flat  bottom,  much  of  which  is  swampy.  To 
avoid  this  swampy  ground,  the  trail,  which  here  crosses  the  river,  turns 
opo?er  the  bounding  range  of  hills  on  the  west.  In  the  hollows,  we  now 
fiod  many  small  ponds  covered  with  lily-pods ;  but  only  a  few  of  the 
yellow  blossoms  appeared.  A  few  of  these  ponds  have  small  outlets,  and 
MDall  bnt  apparently  constant  supplies  of  water,  but  most  of  them  are 
entirely  inclosed  by  hills.  The  surface  is  here  densely  timbered,  but 
DMWtly  with  young  growth. 

These  hills  soon  approach  the  river  again,  which  has  here  a  very 
ttrrow  valley.  This,  however,  suddenly  widens  again  into-  a  third 
geyiser  basin.  The  first  intimation  of  hot  springs,  if  we  follow  up  the 
nverbaok,  is  a  strong  column  of  steam  appearing  among  the  timber 
OD  the  east  side  of  the  valley,  just  as  we  enter  the  basin.    Mr.  Taggart 
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visited  this  vent  and  reported  a  boiling  pool,  temperatare  190°,  over- 
hang by  rocky  banks,  which  showed  no  signs  of  spoatiug.  As  we 
emerge  from  the  timber  on  the  weat  side,  we  lind  the  lower  angle  of  the 
basin  occupied  by  an  area  of  hot  springs,  perhaps  500  feet  long  by  250 
feet  wide,  with  the  usual  floor  of  disintegrating  silicious  sinter,  and 
containing  numerous  vents,  mostly  a-ctive.  Near  the  center  of  this  area 
stands  the  chimney  of  a  single  geyser.  This  is  a  dome-shaped  mound, 
averaging  15  feet  in  diameter  and  from  11  to  14  feet  high,  completely 
covered  with  most  elegant  varieties  of  the  pearly  beads  before  described. 
It  is  striped  vertically  with  bands  of  white,  dark-green,  brownish  black, 
and  various  shades  of  yellow  and  orange,  the  white  being  ordinary 
geyserite,  while  the  other  colors  are  apparently  of  purely  vegetable 
origin.  On  the  north  side  of  the  dome,  where  the  main  flow  from  the 
eruptions  is  now  generally  scattered,  the  geyseiite  has  also  a  beautifiil, 
delicate  pink  tinge.  The  summit  of  the  northwest  side,  as  seen  from 
the  northeast,  is  ornamented  with  a  fine  profile  of  a  mild-featured 
human  iace  done  in  the  bead-wovk.  The  top  of  the  mound  is  i)erforated 
with  numerous  small  three,  four,  and  five-angled  apertures,  and  a  single 
laiger  one  between  2  and  3  inches  in  diameter.  In  eruption,  this  larger 
opening  throws  a  stream  from  20  to  50,  and  even  to  70,  feet  in  height, 
mostly  in  drops  with  much  steam.  Though  the  amount  of  water  ejected 
is  small,  yet  tbe  force  is  very  great;  and,  in  this  respect,  the  eruptions 
much  reminded  us  of  those  of  the  Castle  Geyser.  Its  highest  jete  are 
generally  about  the  middle  of  the  period  of  eruption.  Eruptions  take 
place  at  somewhat  irregular  intervals,  but  generally  are  about  two  hours 
apart.  During  such  as  were  carefully  observed,  there  was  first  a  period 
of  violent  activity,  continuing  from  three  to  four  minutes  and  ceasing 
suddenly;  then,  a  quiet  interval  of  from  eleven  to  twenty-four  miuutos; 
then,  a  second  active  period  of  from  twenty-three  to  twenty-six  minutes, 
closing  gradually  with  a  rush  of  steam  and  occasional  water-jets.  The 
small  vents  spit  furiously  all  through  the  eruption,  their  jets  reaching 
3  feet  or  more  in  height  when  the  main  jet  was  at  its  culmination. 
About  10  yards  off,  on  the  platform,  a  small  vent  is  in  sympathy,  bnt  is 
so  nearly  stopped  up  as  to  be  generally  overlooked.  I  think  it  probable 
that  this  was  wider  in  the  younger  days  of  the  geyser,  and  has  become 
stopped  up  equally  with  the  latter.  It  is  evident  that  eruption  at  this 
point  u)ust  soon  cease,  unless  the  great  force  developed  beneath  shall 
l)e  able  to  break  away  the  upper  part  of  the  dome.  It  is  more  probable, 
however,  from  facts  observed  in  the  other  basins,  that  a  new  vent  will 
be  opened  and  a  new  mound  built.  I  could  not  obtain  the  temperatare 
of  the  water  of  the  geyser,  since  the  water,  except  just  before  and 
during  the  eruption,  retired  below  the  surface-openings;  and  we  had  no 
self-registering  thermometers  with  which  to  measure  its  heat  from  a 
sa/e  distance.  The  surrounding  springs,  wliich  are  nearly  all  boiling, 
gave  temperatures  varying  from  185®  to  192o.  The  general  elevation 
of  the  basin  is  about  7,770  feet,  at  which  the  theoretical  boiling-point  is* 
about  198°.    The  single  geyser  of  the  basin  was  called  the  Solitary. 

This  small  basin  spreads  perhaps  a  half  mile  from  the  stream,  and 
includes,  near  its  northwest  corner,  another  cluster  of  hot  springs,  some 
of  which  reach  186°,  surrounded  by  variously-colored  deposits,  iuciudiug 
some  sulphur.  The  trail  of  our  main  train  entered  the  basin  at  this 
point.  The  central  part  of  the  basin  shows  the  vents  and  deposits  of 
numerous  scattered  springs,  most  of  which  are  nearly  or  quite  extinct, 
only  a  few  of  them  still  boiling. 

A  small  stream,  which  comes  in  from  the  west  near  our  camp,  has  a 
fine  cascade,  130  feet  high,  about  a  quarter  mile  from  the  river.     Its 
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sipply  apparently  comes  from  the  flow  of  the  numerous  small  ponds 
aiioo^  the  hills  before  mentioned. 

Showers  for  two  days  had  soi'tened  the  soil  so  much  that  portions  of 
gronod  imme<tiately  about  the  springs,  which  are  i)erfectly  safe  in  dry 
weather,  were  now  too  soft  for  passage,  often  letting  one  down  a  foot  or 
80,  and  that,  too,  in  places  where  at  that  depth  one  was  likely  to  find 
scalding-hot  mud.    Fortunately,  no  serious  accidents  occurred. 

After  a  short  interval  of  timber,  another  small  meadow-like  basin 
opens  to  view,  occupied  by  a  few  small  warm  springs  of  no  importance. 
A^in  the  mountains  close  in ;  so  that  the  stream  flows  for  nearly  a 
mile  through  a  narrow  rocky  caHon,  with  sharp  ridges  rising  from  1,000 
to  1,200  feet  high  on  either  side,  down  whose  almost  precii)itous  elopes 
beautiful  cascades  rushed  to  the  river.  The  banks  are  mostly  composed 
of  obsidian  sandstone  in  tumbling  masses;  so  that  I  had  great  difficulty 
in  leading  my  horse  through  it,  while  the  train  was  obliged  to  climb 
over  the  bounding  ridge  on  the  east.  The  strata  are  mostly'  upturned 
at  various  angles  through  the  cafion,  but  become  more  nearly  horizontal 
at  its  upper  end,  where  we  approach  the  level  of  the  last  flat  basin 
about  the  head  of  the  river.  Mr.  Bechler  reports  a  large  amphitheater, 
re^mbling  a  crater,  passed  by  the  train  as  it  reached  the  top  of  the 
Tid^  on  the  east  side  of  the  caiion. 

The  basin  surrounding  the  head  of  the  river  is  occupied  by  quite  a 
large  meadow,  tolerably  dry  in  the  middle,  where  tlie  stream  winds 
along,  but  very  swampy  all  around  its  borders,  where  numerous  cold 
5pnDgs  escape  from  the  rocky  hills.  The  sites  of  a  few  old  hot  springs, 
long  since  extinct,  are  marked  by  patches  of  the  much-disintegrated 
white  geyserite,  now  mostly  buried  under  the  tall  grasses  and  sedges 
which  cover  the  meadow.  A  small  lake,  covering  perhaps  sixty  acres, 
oecnpies  the  southern  end  of  the  valley,  where  it  bends  to  the  eastward; 
and,  as  the  ultimate  lake-source  of  the  Madison  River,  is  the  only  proper 
possessor  of  the  name  Madison  Lake,  which  hasheretolore  been  applied 
\s^  the  hunters  to  a  large  sheet  of  water  upon  the  other  side  of  the 
divide,  under  the  mistaken  idea  that  it  was  the  head  of  this  river.  The 
lake  once  occupied  the  entire  extent  of  the  basin,  having  then  covered 
aenrving  area  about  two  miles  long  by  about  a  half  mile  wide,  but  has 
been  mostly  drained  by  the  erosion  of  the  last  caiion.  Tlie  terrace- 
borders  of  the  old  lake  are  faintly  indicated  at  some  points,  but  not  so 
plainly  that  their  elevation  could  be  definitely  determined.  The  present 
border  of  the  timber,  from  20  to  30  feet  above  tlie  stream,  in  the  lower 
part  of  the  basin,  marks  the  lowest  level  at  which  the  lake  stood  for 
aojr  considerable  time.  Though  the  basin  receives  only  three  small 
brooks,  supplied  by  the  banks  of  snow  which  constantly  rest  upon 
portions  of  the  divide,  yet  the  main  stream,  where  it  leaves  the  basin, 
carries  a  good  body  of  water,  mostly  supplied  by  the  large  springs 
already  mentioned.  8ome  of  these  are  large  pools,  from  10  to  20  feet 
'across,  with  a  strong  flow  of  water  boiling  up  from  beneath,  sometimes 
through  quicksand,  sometimes  through  numerous  large  openings  in  the 
stiff  clay  bottom. 

A  storm  of  mingled  snow,  sleet,  and  rain  detained  us  here  for  oneday, 
September  5 ;  but  next  morning  it  cleared,  the  snow  rapidly  melted, 
and  we  went  on.  Our  hunter,  Frank  Mounts,  had  reported  a  valley 
abont  two  miles  south  of  us,  through  which  a  stream  flowed  westward. 
Ad-ordingly,  while  the  train  moved  about  three  miles  nearly  due  east, 
to  a  new  camp  on  Shoshone  Lake,  Mr.  Bechler  and  1  crossed  the  south- 
ern divide  to  the  head  of  the  newly-reported  river.  We  found  it  to  be  a 
lar^e  stream,  formed,  within  a  short  distance,  from  the  abundant  flow  of 
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nnmerous  large  springs  barsting  from  low  down  in  the  sides  of  a  high 
plateau  of  very  porous  volcanic  sandstones,  which  we  afterward  found  to 
extend  for  several  miles  to  the  southward.  This  was  evidently  the  bead 
of  one  branch  of  the  stream  crossed  and  camped  on  by  us  on  the  even- 
ing of  August  3,  as  we  were  ascending  the  valley  of  Henry's  Fork.  In 
the  absence  of  any  prior  designation,  I  have  called  this  Bechler's  River. 
Its  upper  course  is  among  deep  ravines,  with  sharp  slopes,  bat  well 
timbered,  for  some  six  or  eight  miles.  It  then  passes  through  a  rather 
narrow  caiion,  with  bare,  precipitous  walls,  whose  extent  was  not  de- 
termined,  and  emerges  into  a  broad,  grassy  basin,  which  reaches  nearly 
to  our  lower  crossing-place. 

The  snow  lying  among  the  timber  gave  us  an  opportunity  of  observing 
the  game-trails ;  and  we  were  surprised  at  seeing  so  few.  A  few  mile:i 
farther  east,  game  is  very  abundant. 

In  crossing  the  divide  eastward  from  Madison  Lake,  the  western 
slopes  are  quite  steep,  and  porphyritic  obsidian  sandstone  appears  in 
heavy  rounded  masses,  but  slightly  disintegrated.  On  the  eastern  face 
the  slopes  are  much  more  easy,  and  the  rock  is  much  disintegrated  into 
a  very  loose,  spongy  soil,  which,  where  the  timber  has  been  burned 
from  the  upper  spurs,  makes  very  slumpy  traveling,  at  least  in  wet 
weather. 

Descending  the  valley  of  a  small  but  rapid  stream,  the  principal 
affluent  of  this  part  of  the  lake,  the  trail  crosses  a  considerable  area  of 
hot  springs  and  geysers,  to  a  good  camping-ground  on  the  edge  of  the 
marsh,  which  here  prevents  easy  access  to  the  immediate  shore  of 
Shoshone  Lake.* 

If  we  had  not  been  fresh  from  the  wonders  of  the  Great  Geyser- 
Basins  of  the  Fire-Hole  Fork,  we  should  have  considered  the  phenomena 
now  about  us  as  extremely  grand  and  beautiful.  In  beauty,  indeed, 
these  springs  are  probably  unsurpassed ;  but  the  geyser-eruptions  ex- 
hibit much  less  force  than  those  we  had  just  left.  Still,  I>consider  it 
desirable  to  make  the  recorded  descriptions  of  all  these  phenomena 
pretty  full,  and  will  therefore  give  a  general  description  of  the  vents  of 
the  Shoshone  Lake  Geyser-Basin.    The  area  occupied  by  active  springs 

*  This  lake  was  seen  by  Dr.  Hay  den  in  1871,  while  he  was  returning,  with  a  small 
party^,  from  the  Fire-Hole  Basins  to  Yellowstone  Lake,  bnt  at  a  point  some  miles  east 
of  this  camp.  His  guides  informed  him  thatthe  name  IVfadison  Lake  had  been  applied 
to  it  by  the  hunters,  and  that  it  was  considered  the  head  of  a  fork  of  the  Madison  Kiver. 
On  the  strength  of  this  information,  in  the  absence  of  an  opportunity  of  exploring  it  suf- 
ficiently to  verify  or  disprove  the  statements,  the  maps  of  last  year's  report  give  the 
name  as  Madison  Lake  and  show  a  stream  which  was  supposed  to  connect  it  with  the 
Madison  River.  Its  connection  proving  not  to  be  with  the  Madison  and  Missouri,  bat 
with  tlio  Snake  and  the  Columbia,  it  b^ame  at  once  a  question  whether  the  old  name 
shonid  any  longer  be  used  for  this  body  of  water  or  should  be  transferred  to  the  trao 
lake-source  of  the  Madison.  This  latter  course  was  unanimously  decided  on.  The 
latest  published  map  of  this  region,  for  many  localities  the  best,  and  supposably  the 
best  for  this  particular  neighborhood,  smce  the  author  claims  to  have  traveled  here,  is 
one  recently  compiled  by  W.  W.  DeLiEtcey,  of  Helena,  and  published  by  6.  W.  &  C.  R 
Col  ton,  of  New  York,  (edition  of  1872.)  This  shows  a  so-called  Madison  Lake,  a  so- 
called  DeLacey's  Lake,  located  some  miles  west  of  the  head  of  the  Madison  and  about 
fifteen  miles  long,  and  still  a  third,  called  Lake  Bessie,  all  three  of  which  we  were  ulti- 
mately obliged  to  identify  with  the  body  of  water  now  before  ns.  It  has,  therefore, 
been  considered  whether  we  should  adopt  either  of  the  two  latter  names.  The  last, 
Lake  Bessie,  was  at  once  rejected,  as  having  been  originally  pix>po8ed  for  the  lako  long 
known  to  the  hunters  of  the  region  as  Heart  Lake,  for  changing  whose  name  there 
was  and  is  no  valid  reason.  The  numerous  and  outrageous  errors  of  the  map  show 
that  neither  as  discoverer  nor  as  mapper  of  this  lake  has  Mr.  DeLacey  any  claim  to  a 
perpetuation  of  his  name ;  and,  since  the  lake  occupies  a  position  entiraly  different 
from  that  assigned  to  DeLacey*^. Lake,  we  have  decided  to  drop  that  title,  and  to  call 
this,  in  our  maps  and  reports,  Shoshone  Lake,  as  being  the  head  of  one  of  the  x>riuci- 
pal  forks  of  the  Shoshone  or  Snake  Hiver. 
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extends  up  the  stream  on  both  sides  about  a  half  mile.  In  the  upper 
edge  of  the  narrow  belt  of  timber  which  separates  the  spring-area  from 
the  lake-shore,  is  a  small  mud-pot,  whose  borders  were  ornamented 
with  exquisite  cock'scomb-like  deposits  of  a  bluish-gray  geyserite,  con- 
taining sufficient  clay  to  give  their  pointed  tips  far  more  toughness 
than  their  form  would  lead  one  to  expect.  These  forms  have  not  been 
seen  at  any  other  point. 

About  fifty  yards  west  from  this  point  stands  the  most  important 
geyser  of  the  basin.  It  has  now  three  vents,  standing  closely  in  a  rove, 
each  of  which  has  built  up  a  small  mound,  beautifully  beaded  without 
and  pointed  within.  The  eastern  vent  has  an  irregularly-oblong  open- 
ing, about  2  feet  long  and  from  8  to  12  inches  wide;  its  mound  is 
al^nt  a  foot  high,  and  stands  upon  a  base  of  about  3  feet  by  4.  The 
central  monnd  is  about  5  feet  in  diameter  at  the  base,  and  about  3  feet 
high,  with  a  deep  central,  triangular  opening,  measuring  about  30  inches 
on  a  side.  The  western  one  is  about  1  foot  high,  on  a  base  of  about 
20  by  30  inches,  with  two  small  openings  about  2  or  3  inches  in  diame- 
ter. These  stand  in  the  mouth  of  an  old  geyser,  once  probably  of  great 
power,  though  now  nearly  inactive,  of  which  there  remains  a  deep  pool 
about  8  feet  wide  by  12  feet  long,  in  which  the  surface  of  the  water 
during  our  stay  at  this  camp  was  about  3  feet  below  the  top  ]  but  it 
evidently  overiiows  at  times,  and  it  is  possible  that  it  still  spouts 
occasionally.  It  showed  no  sympathy  with  the  present  vents  during 
their  eruptions.  The  section  of  the  layers  constituting  the  old  mound 
is  well  shown  in  the  w^ls  of  this  pit.  During  eruptions,  the  west  vent 
sponts  a  little  water,  2  or  3  feet  high,  for  from  1  to  2  minutes,  and  then 
yidds  a  moderate  flow  of  steam.  Meanwhile^  the  center  vent  is  throw- 
ing a  very  powerful  jet  from  70  to  90  feet  into  the  air,  which,  after  about 
5  minutes,  gradually  gives  place  to  steam,  the  mingled  steam  and  wattT 
gi\ing  the  highest  jets.  The  east  vent,  spouting  from  10  to  50  feet, 
throws  a  solid  body  of  water  for  about  10  minutes,  when  the  whole 
SDpply  of  water  seems  to  be  exhausted,  and  the  rush  of  steam  from  all 
the  vents  becomes  more  violent  and  continues  some  40  to  50  minutes 
longer,  gradually  declining,  however,  though  with  many  spasmodic 
renewals.  A  small  flat  opening  in  the  space  between  the  central  and 
vestern  vents  gives  exit  to  a  little  water  while  the  geyser  is  preparing 
for  eruption,  but  takes  no  part  in  the  eruption  itself.  We  called  this 
Union  Cteyser,  because  of  its  combination  of  the  various  forms  of  gey- 
seric  action.  Its  temperature,  immediately  beifore  eruption,  was  198^. 
Its  periods  of  eruption  are  irregular,  and  no  law  of  irregularity  was 
ascertained.  An  eruption  was  heard  by  the  men  on  guard  on  the  night 
after  our  arrival,  but  the  time  was  not  noted.  The  first  recorded  one 
began  at  10.28  a.  m.,  and  continued,  steam  and  all,  47  minutes.  Its 
highest  jet  reached  the  elevation  of  92  feet.  The  next  began  at  1.55 
p.  ID.  on  the  same  day,  reached  70  feet  in  height,  and  lasted  56  minutes. 
Still  another  was  he£u:d  at  10.25  p.  m.,  but  no  further  time  observations 
were  recorded. 

About  this  spot,  there  are  several  quiet  and  boiling  springs ;  but 
none  of  the  latter  spout  more  than  from  1  to  3  feet.  Passing  up  this 
side  of  the  stream,  however,  for  about  a  hundred  yards,  we  find,  just 
above  the  point  of  the  hill  upon  our  right,  the  first  of  a  group  of  larger 
vents,  of  which  several  seemed  to  us  to  deserve  names.  This,  which 
was  called  the  Minute  Man,  has  built  up  a  mound  about  4  feet  high  and 
from  12  to  15  feet  across,  beautifully  ornamented  with  bead-work  and 
with  the  sharp  points  which  usually  accompany  the  more  frequent  and 
abundant  flows  of  water.    This  oruameutul  work  spreads  far  beyond 
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the  mound,  covering  an  area  at  least  40  feet  across.  Just  behind  the 
mound,  and  at  its  immediate  base,  there  is  a  large  ornamented  opening, 
which  partly  fills  before  eruptions,  but  is  emptied  by  them.  Much  of 
the  ejected  water  falls  in  such  a  way  as  to  flow  back  to  this  reservoir, 
so  as  to  keep  up  the  supply  necessary  to  the  eruptions.  These  occur 
pretty  regularly  for  some  hours,  at  intervals  of  from  2  to  3  minutes,  bat 
gradually  decline  in  force,  until  the  supply  of  water  becomes  exhausted. 
Then  the  geyser  is  silent  for  several  hours,  until  all  the  crevices,  as  well 
as  the  suri'ace-pools,  are  again  filled  with  water,  when  its  eruptions 
recommence  with  ihuch  violence,  the  jets  then  reaching  altitudes  of 
from  30  to  40  feet.  These  again  decline,  and  the  series  of  phenomena 
is  repeated.  As  water  gets  low,  the  back  pool  sometimes  receives  some 
of  the  steam-pressure  and  spouts  from  5  to  8  feet.  At  one  point 
on  the  top  of  the  mound,  there  are  some  small  sulphur-vents,  which 
seem  to  be  entirely  disconnected  with  the  water-pipes,  but  maintain 
communications  of  their  own  with  the  volcanic  laboratory  beneath. 

About  50  feet  farther  on.  Shield  Geyser  has  an  ornamented  mound 
about  15  inches  high,  which  incloses  a  shield-shaped  opening,  measur- 
ing about  d  feet  on  each  of  two  sides  and  7  feet  on  the  third,  at  the  top, 
but  narrowing  to  4  feet  on  each  of  the  two  sides  and  3  feet  on  the  third, 
a  little  lower,  at  what  was  water-level  when  I  measured  it.  This  spouts 
moderately  at  intervals  of  a  few  hours,  but  no  special  notes  of  its  erup- 
tions were  taken.  By  its  side  its  partner  has  an  irregular  opening 
about  8  feet  long  and  varying  from  10  inches  to  3  feet  in  width.  These 
vent^  exhibited  no  sympathy  with  Minute  Man.  Their  temperature  is 
190O. 

Between  Shield  Geyser  and  the  foot  of  the  hill,  Bosette  Spring  has  a 
triangular  basin  with  sides  of  about  15,  20,  and  25  feet,  in  whose  fal- 
low waters  form  many  most  perfect  specimens  of  the  beautiful  thin- 
leaved  rosettes  already  described  as  occurring  in  the  Fire-Hole  Basin« 
The  muddy  bottom  of  this  spring  contains  much  sulphur. 

A  little  rocky  knoll  intervenes  between  this  and  the  Bulging  Spring, 
which  every  few  moments  gives  vent  to  large  bubbles  of  steam,  which 
raise  a  considerable  part  of  its  surface  from  1  foot  to  3  feet,  with  a 
bulging  sound  like  that  of  liquid  escaping  from  the  bung  of  au  over- 
turned barrel. 

Forty  feet  beyond,  the  Soap-Kettle  keeps  up  a  furious  boiling  of  col- 
ored water,  more  or  less  covered  with  foam,  looking  like  dirty  soap-suds. 
Its  basin  is  lined  with  a  yellowish-brown  deposit  This  has  probably 
been  a  strong  spouter,  but  now  erupts  only  at  long  intervals,  if  at  all. 
Its  mound  is  about  8  feet  across,  and  is  still  1  foot  high,  though  disin- 
tegrating. 

Forty  yards  farther,  the  Black  Sulphur  Geyser  has  three  vents,  in 
small  dark -colored  mounds,  which  almost  constantly  spit,  but  do  not 
spout  much.  An  abundant  black  sulphurous  deposit  is  formed  along 
the  run  from  these  vents. 

The  Twins  are  two  small  symmetrical  vents,  from  4  to  G  inches  across, 
in  a  small  mound  which  stands  back  against  the  foot  of  the  hill.  They 
spout  rarely  and  to  but  small  elevations. 

Several  boiling  springs  occur  at  short  intervals  along  the  bottom. 
About  seventy  yards  farther  on,  a  flat  mound  includes  two  large  flat 
openings  which  spout  to  the  height  of  from  20  to  30  feet  at  short  inter- 
vals ;  temperature,  192o.  Above  this  point,  the  springs  are  of  little 
importance,  though  a  few  vents  and  old  deposits  occur  at  intervals  ibr 
a  mile  or  two  up  the  valley.    One,  near  those  last  described,  is  a  nar- 
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row  fissure,  along  which  for  6  or  8  feet  the  water  boils  constautly.    Near 
this  is  a  soiall  geyser-moand  strongly  colored  with  iron. 

On  the  opposite  side  of  the  creek  is  a  broad  terrace  of  the  siliceous 
spring-deposits,  npon  which  stand  several  small  mounds  very  prettily 
oniamented,  from  1  foot  to  2  feet  high,  whose  pools  boil  considerably ,'niKl 
evidently  spout  occasionally,  though  no  one  of  them  was  seen  in  eruption. 
One  of  these,  near  the  creek  and  nearly  opposite  to  Minute  Man,  is 
shaped  like  a  conch-shell  and  strongly  colored  with  iron,  and  was  called 
Iron-Gonch  Geyser. 

Nearer  the  base  of  the  hills,  there  are  several  large  hot  pools.  One  of 
them  was  so  well  furnished  with  coralliform  masses,  standing  in  the 
shallow  water  near  its  edge,  as  to  be  called  the  Coral  Pool.  This  meas- 
ured about  40  feet  by  50,  with  a  shallow  border,  and  a  deep  central  pit 
about  10  feet  across,  from  which  numerous  bubbles  of  gas  Avere  escap- 
ing. There  is  a  strong  flow  of  water  of  the  temperature  of  1G(P.  A 
litde  to  the  west  of  this,  a  valley  runs  well  up  into  the  hills  and  contnins 
several  large  boiling  pools,  but  no  geysers.  One  boils  with  great  vio- 
lence, with  a  very  large  escape  of  steam.  The  pools  and  old  deserted 
basins  extend  up  the  slopes  of  the  hills  to  elevations  of  from  100  to  150 
feet  above  the  creek. 

As  a  whole,  these  springs  and  geysers  show  far  greater  amounts  of 
sulphur,  and  especially  of  iron,  in  their  deposits  than  any  of  those  on  the 
Madison.  The  geysers  also  show  n^uch  greater  irregularities  of  erup- 
tions. The  group  seems  to  me,  as  a  whole,  younger  than  those  in  the 
Fire- Hole  Basins.  The  little  geysers  on  the  west  side  of  the  creek  are 
plainly  young,  and  are  just  beginning  mounds  which  promise  to  attain 
considerable  size. 

On  the  east  side  of  the  creek,  between  it  and  the  lakes,  we  find  a  clus- 
ter of  ragged  hills,  separated  by  crateritbrm  hollows  and  valleys,  which 
are  occupied  more  or  less  completely  by  mud-springs  and  sulphur- vents. 
Upon  breaking  up  the  surface-crust  about  these  latter,  we  find  all  its 
hollows  lined  with  sulphur,  either  in  distinct  crystals  or  in  moss-like 
aggregations  of  imperfect  ones.  Upon  first  observing  the  shape  and 
contents  of  these  hollows,  one  would  naturally  suppose  them  to  be  old 
Tolcanic  ei*aters,  whose  connections  with  the  interior  fires  were  liecoin- 
ing  nearly  stopped  up ;  but,  upon  more  careful  examination,  it  becomes 
evident  that  they  have  been  hollowed  out  of  the  surrounding  sandstone 
by  the  action  of  the  hot  springs  themselves,  which  have  disintegrated 
and  removed  portions  of  the  sandstone  and  conglomerate  of  the  old 
lake-terrace.  Worn  bits  of  rocks,  penetrated  by  numerous  small  irreg- 
ular holes,  are  abundant  on  all  the  lower  parts  of  the  slopes,  as  well  as 
aboQt  the  existing  vents,  showing  that  the  process  is  still  going  on. 
These  springs  are  evidently  much  affected  by  variations  in  tbe  supply 
of  water.  Many  which  were  entirely  dry  gave  abundant  evidence  tli.it 
they  sometimea*^  give  forth  considerable  streams.  The  effects  of  tbeso 
variable  supplies  upon  the  activity  of  the  different  springs  and  geysers 
are  probably  very  different  in  ditt'erent  cases.  Since  a  full  basin  seems 
to  be  essential  to  an  eruption,  a  greater  supply  of  water  to  fill  the  plaee 
of  that  ejected  would,  in  many  cases,  cause  more  frequent  and  powerful 
eraptions.  On  the  other  hand,  it  is  probable  that  too  large  a  supply, 
causing  a  continuous  stream  to  pass  through  and  escape  from  the  basin 
of  a  ge.vser,  would  cool  down  its  contents  below  the  temperature  essen- 
tial to  an  eruption. 

The  springs  extend  eastward  along  the  shore  of  the  lake  for  several 
miles  ^near  its  present  level,  and  some  were  seen  boiling  up  from  its 
bottom,  several  yards  from  shore.    Many  occur  also  in  the  mar^h  about 
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tbe  month  of  the  creek,  which  is  constantly  extending  itself  into  the 
lake.  Some  large  lagoonB  are  here  inclosed  by  narrow  sand-barft,  some 
of  which  are  scantily  covered  with  pines.  On  this  marsh,  a  little  back 
from  its  present  border  and  a  foot  or  so  above  its  level,  an  old  shore- 
line Is  faintly  marked.  The  only  plainly-marked  terrace  is  about  112 
feet  above  the  lake.  It  consists  of  thick  beds  of  sand  and  gravel,  which 
form  the  hills  just  described*  The  gravel  has  formed  a  loose  conglom- 
erate, but  the  sand  has  been  compacted  into  a  pretty  solid  quartzite  by 
the  siliceous  deposits  of  the  springs  which  filled  it  when  it  was  beneath 
the  lake-waters.  This  consolidation,  so  diametrically  opposed  to  the 
disintegration  just  now  described,  was  probably  consequent  upon  the 
pressure  of  the  overlying  lake,  which  caused  a  very  slow  percolation  of 
the  spritig- waters  through  the  sand,  except  at  the  points  of  more  active 
ebullition. 

The  present  level  of  the  lake  is  about  7,792  feet,  at  which  the  theo- 
retical boiling-point  of  water  is  about  198.1o.  Springs  were  observed  in 
active  ebullition  at  various  temperatures,  from  198"  to  182^,  and  one 
even  at  16(P;  in  this  latter  case  the  ebullition  was  probably  due  to  an 
escape  of  gas,  though  that  was  not  apparent.  Quiet  springs  were  of  all 
temperatures,  up  to  186°.    Certain  sulphur-vents  gave  190o. 

For  some  six  or  eight  miles  north,  along  the  divide,  the  ridges  consist 
mainly  of  obsidian-sandstone,  inclosing  heavy  bands  of  reddish-brown 
and  variegated  obsidian,  having  a  nearly  east  and  west  strike.  Most  of 
the  subordinate  ridges  had  about  the  same  course.  All  of  this  district 
is  heavily  timbered,  with  few  openings,  so  that  it  became  necessary  to 
climb  trees  when  we  wished  to  get  any  idea  of  the  surrounding  country, 
even  upon  the  highest  crests. 

On  September  9th  we  moved  to  the  outlet.  The  lake  is  of  a  very  irreg- 
ular form,  something  like  that  of  a  well-filled  purse,  contracted  in  the 
middle  to  quite  a  narrow  passage.  Besides  the  Oeyser  Creek,  it  receives 
only  one  stream  of  any  size,  which  enters  at  the  southern  end  of  its  more 
eastern  pocket,  coming  from  the  high  plateau  on  the  south,  before 
mentioned.  The  northern  and  eastern  shores  and  the  central  part  ci 
the  southern  ones  are  mostly  precipitous,  with  deep  water  near  them, 
but  along  the  western  and  parts  of  the  southern  shores  one  can  ride 
most  of  the  way  in  the  edge  of  the  water,  thus  avoiding^  the  swampy 
ground  and  fallen  timber  of  the  steep  hill-sides.  The  center  of  the  lake 
was  apparently  deep,  though,  as  we  did  not  put  the  boat  together  here, 
we  were  not  able  to  take  any  soundings.  The  water  was  clear,  and  the 
shore  sand  and  gravel  quite  clean,  even  Irom  diatomaceous  growth,  ex- 
cept at  the  mouths  of  the  streams.  At  the  entrance  of  the  southeastern 
tributary,  a  considerable  marsh  has  formed,  on  the  eastern  side  of  which 
small  spring-deposits  were  noticed;  but  no  springs  were  seen  here  except 
cold  ones. 

Near  the  outlet,  the  rocks  are  mainly  mottled  black  and  red  spher- 
ulitic  obsidian-porphyry. 

At  6Ji3  p.  m.,  (9th,)  just  as  we  were  camping,  we  felt  three  slight 
earthquake  shocks. 

On  the  10th  we  moved  about  five  miles,  to  a  camp  at  the  north  end  of 
Lewises  Lake.  In  leaving  Shoshone  Lake,  the  river  has  at  first  wide  bot- 
toms, but  the  valley  soon  becomes  quite  narrow,  with  steep  banks. 
About  one  and  a  half  miles  below  the  lake,  the  stream  widens  to  between 
GOO  and  700  feet,  and  becomes  very  shallow,  with  muddy  bottom.  Then 
it  narrows  suddenly,  and  rushes  through  a  rocky  gate«eay,  perhaps  75 
feet  across,  formed  by  the  projection  into  the  stream  of  a  mass  consist- 
ing of  two  layers  of  obsidian-sandstone,  with  a  rapidly  disintegrating 
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oentral  layer  of  pink  porphyry.  There  was  evidently  a  fine  fall  here  at 
one  time,  and  the  valley  which  coaies  to  the  river  on  the  north  bank, 
JQfit  below  the  gate,  was  then  a  second  channel  of  the  stream.  Below, 
the  stream  continnes  deep,  with  steep  banks,  gradually  widening  until 
it  reaches  Lewis's  Lake.* 

This  is  a  much  more  regular  and  symmetrical  body  of  water  than 
Shoshone  Lake.  It  is  about  two  and  a  half  miles  long  and  from  one  to 
one  and  a  half  miles  wide,  tapering  southward,  and  is  surrounded  by 
mostly  gently-sloping  shores.  These  are  steepest  on  the  west  side,  where 
a  few  blofb  run  out  into  deep  water.  Our  canvass-boat  being  put 
together,  Mr.  Adams  took  a  series  of  soundings,  with  the  results  indicated 


upon  the  accompany- 
ing  sketch,  (Fig.  48,)  in 
which  the  depths  are 
given  in  fathoms.  The 
deepest  part  found  is 
seen  to  be  108  feet, 
somewhat  sooth  of  the 
eenterofthelake.  The 
deepest  sounding  yet 
obtained  in  Yellow- 
stone Lake,  300  feet, 
was  made  also  by  Mr. 
Adams  in  1871. 

Erom  our  camp  at 
tlie  north  end  of  the 
lake,  the  vaUey  of  its 
oaUet  at  the  south  end 
lay  directly  in  a  line 
toward  the  T^tons ; 
and,  early  in  the  morn- 
ing, before  the  lake  was 
Btirred  by  the  wind, 
those  snow-patched 
peaks,  though  forty 
miles  away,  were  most 
perfectly  reflected  by 
its  mirror-like  surface. 
In  its  setting  of  the 
deep-green  foliage  of 
the  pine  and  spruce 
forests  which  cover  tiie 
mrronnding  slopes, 
this  seems  to  us  one  ot 
the  most  beautiful  o 
the  many  fine  views 
seen  upon    our   trip. 


Fig,  48. 


'This  lake  was  seen  from  a  distance,  in  1871,  by  Mr.  Schonbom,  and  was  located, 
fiom  bis  notes,  by  Mr.  Hersesbeimer,  but  its  connections  were  not  kuown.  It  was  also 
ieeaon  two  occasiona,  and  once  visited,  in  the  same  year,  by  Captain  Barlow;  but  its 
coonections  were  wrongly  determined,  and  the  lake  itself  is  represented  on  bis  map  by 
two  bodies  of  water,  some  miles  apart,  and  of  very  different  outlines.  As  it  bad  no 
BaiDe,6ofar  as  we  could  ascertain,  we  decided  to  call  it  Lewis's  Lake,  in  memory  of 
that  [rallant  explorer,  Captain  Merriwether  Lewis.  -  The  soutb  fork  of  tbe  Columbia, 
irbicb  was  to  bavfr  pNsrpetnated  his  name,  has  reverted  to  its  Indian  title,  Shoshone, 
ftod  is  commonly  knowxr  by  that  name,  or  by  its  translation,  Snake  River.  As  tbis  lake 
lies  near  tbe  head  of  oue  of  tbe  principal  forks  of  that  stream,  it  may  not  inappropri- 
ately be  called  Lewis's  Lake. 
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The  accompanying  panoramic  view,  (Fig.  49,)  taken  from  Mr.  Becblert 
field-notes,  will  give  a  general  idea  of  the  relative  posi^usof  the  T6tou8, 
the  lake,  and  the  slopes  of  the.  Bed  Mountain  group,  of  which  Mount 
Sheridan  is  the  culminating  point. 

On  the  west  shore  of  the  lake,  near  its  northern  end,  numerous  hot 
springs  occur,  over  a  considerable  area,  a  few  being  seen  far  up  on  the 
western  ridge.  Those  near  the  lake  were  examined  by  Mr.  Taggart, 
who  reports  as  follows : 

The  hot  springs  fonnd  on  the  west  bank  of  Lewis's  Lake  occur  mostly  in  two  gronps, 
separated  by  a  low  ridge.  In  the  first  group  examined,  all  of  the  springs  issaecl  from 
the  sides  of  a  marsh,  and  were  mostly  covered  either  with  masses  of  leafy  vei^etatioii 
or  with  the  soft,  thick,  pulpy  masses  of  fungoid  growth  so  common  about  the  hot 
springs  of  the  Fire-Hole  basins.  Some  of  the  springs  were  constantly  bubbling  with 
an  escaping  gas,  whose  character  was  not  ascertained.  The  temperatures  of  all  the 
springs  are  low.  A  few  of  them  are  as  follows:  112°,  122°,  124^  126^,  128°,  130°,  i:38^, 
140^,  148°.  As  an  interesting  fact,  I  noted  that  all  the  springs  whose  temperatures 
reiEiched  or  exceeded  120°  had  the  growth  of  fungoid  pulp  or  a  deix>sit  of  gray  gey- 
serite,  while  those  cooler  than  120^^  were  covered  with  leafty  vegetation.  This  cluster 
of  springs  is  evidently  the  last  remnant  of  a  much  more  active  group,  since,  all  along 
the  shore  of  the  lake  at  this  point,  there  are  large  deposits  of  old  geyserite.  At  some 
points,  this  extends  far  out  into  the  lake. 

The  second  group  of  springs  differs  from  the  one  Just  described,  in  that  its  vents  are 
larger  and  the  water  hotter.  The  springs  are  surrounded  by  solid  ground,  aud,  in 
their  general  features,  resemble  the  hot  springs  of  the  Fire-Hole  basins,  so  that  they 
need  no  general  description.  The  following  are  the  temperatures  and  sizes  of  a  few  df 
the  principal  ones :  1, 152°,  2  feet  in  diameter;  2, 156^,  10  feet  by  6;  3, 176°,  elliptical, 
about  40  feet  by  20. 

Both  Mr.  Stevenson  and  Mr.  Taggart  brought  specimens  of  the  gey- 
serite, including  many  vegetable  fragments,  apparently  some  of  the 
coarse  sedges  common  along  the  lake-shore. 


CHAPTER    IV. 

MOUNT  SHERIDAN— HEADS  OF  SNAKE  RIVER— FALLS 
RIVER  PASS— JACKSON  LAKE— GLACIER  LAKES— GRAND 
CASTON  of  SNAKE  RIVER— FORT  HALL. 

Leaving  the  main  train  to  find  its  way  southward  to  the  stream  which 
flows  from  Heart  Lake,  a  small  party  of  us  started,  on  the  morning  of 
the  11th,  for  Mount  Sheridan  and  the  country  beyond.  At  the  north  end 
of  the  lake,  there  is  a  considerable  marsh  aud  a  lagoon,  which,  when 
full,  throws  good  streams  into  the  lake ;  but  its  outlets  were  now  choked 
up  with  beach-sand.  Its  water  comes  from  the  drainage  of  the  broad, 
flat  area,  partly  in  meadow,  partly  in  timber,  which  stretches  across  to 
Yellowstone  Lake.  Our  course,  holding  to  the  left  of  the  main  peak, 
led  us  over  moderate  slopes,  tor  some  miles,  until,  passing  one  or  two 
small  ponds,  with  no  outlets,  we  struck  the  foot  of  the  spur  which,  run- 
ning out  from  the  second  crest  of  the  Red  Mountain  range,  counting 
from  the  north  end,  forms  the  divide  between  Lewis's  and  Yellowstone 
Lakes.  Upon  that  divide  lies  the  small  lake,  without  outlet,  called  Lake 
Riddle,*  visited  by  Dr.  Hayden's  party  on  their  return  fbom  the  Fire- 

"*  "Lake  Riddle"  is  a  Aigitive  name,  whiob  has  been  located  at  several  places,  but 
nowhere  permanently.  It  is  snpposed  to  have  been  used  originally  to  designate  the 
mythical  lake,  among  the  mountains,  whence,  according  to  the  hunteis,  water  flowed 
to  both  oceans.  I  have  agreed  to  Mr.  Bering's  proposal  to  attach  the  name  to  this 
lake,  which  is  directly  upon  the  divide  at  a  point  where  the  waters  of  the  two  oceans 
start  so  nearly  together,  and  thus  to  solve  the  insolvable  "  riddle''  of  the  "  two-ocean 
water." 
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Hole  basins  in  1871.  Mr.  Hering  visited  this  lake,  and  found  it  to  be 
7,999  feet  above  the  sea,  while  Lewis's  Lake  is  7,750  feet  and  Yellowstone 
Lake  is  7,788  feet*  A  high  terrace  is  faintly  indicated  on  the  east  side 
of  Lewis's  Lake,  but  its  level  was  not  determined.  This  region  should 
be  more  carefully  examined,  with  a  view  to  ascertain  whether  there  is 
not  some  continuous  terrace  higher  than  the  divide  just  described,  which 
shall  prove  that  the  whole  of  this  broad  comparatively  flat  area  was,  as 
its  general  form  suggests,  covered  by  a  large  lake,  which  was  really 
tributary  to  both  oceans.  The  lowest  point  of  the  actual  divide  was 
determined  to  be  25  feet  above  Lake  Biddle,  or  8,024  feet  above  the  sea. 

In  ascending  the  mountain,  we  found  the  easiest  slopes  very  steep,  so 
as  to  make  much  zigzagging  necessary  in  getting  our  animals  to  the 
summit.  As  we  occasionally  looked  back,  we  saw  beneath  us,  on  our 
left,  the  large  cluster  of  hot  springs  which  occupies  the  bead  of  the 
valley  of  the  longest  tributary  of  Heart  Lake,  and,  beyond,  caaght 
glimpses  of  Yellowstone  Lake.  Upon  reaching  the  first  crest,  both 
lakes  lay  spread  out  before  us,  while,  to  the  westward,  Lewis's  Lake  and 
Shoshone  Lake  were  also  in  full  view.  Between  us  and  Heart  Lake  lay 
a  great  hollow  of  the  mountain,  looking  much  like  a  broken-down  crater, 
and  very  probably  it  may  once  have  been  one.  The  highest  peak  was  still 
beyond  us,  and  we  made  but  little  delay,  except  to  shoot  grouse  for  sup- 
per, ill  riding  to  its  crest.  This  range  was  called  Red  Mountain  by  Dr. 
Hay  den's  party  of  the  previous  year;  but  its  highest  peak  lacked  a 
name,  until  Captain  Barlow  visited  its  summit  and  dubbed  it  Mount 
Sheridan.*  It  is  one  of  the  most  sightly  points  in  the  whole  region. 
Surrounded  by  deep  valleys  on  all  sides,  and  itself  standing  10,420  feet 
above  the  sea,  it  gives  one  a  range  of  vision  over  an  immense  area. 
Sweeping  round  the  horizon,  I  counted  four  hundred  and  seventy-five  dis- 
tinct mountain-summits,  at  distances  varying  from  thirty  to  two-hundred 
miles.  The  T6tons  on  the  west  loomed  up  grandly,  wjhile,  through  the 
broad  depression  just  north  of  them,  the  Crater  Buttes,  the  Three  Buttes, 
the  Salmon  Biver  Mountains,  and  Sawtelle's  Peak,  were  in  full  sight.  To 
the  north,  the  Gallatin  Mountains,  the  Belt  Mountains,  and  Crazy  Woman 
Mountains  appeared  close  at  hand,  while  along  the  eastern  horizon  stood 
the  high  walls  of  the  Yellowstone  Range  and  of  the  Big  Horn  Mountains, 
and  far  to  the  southeast  stood  what  v;e  supposed  to  he  Fremont's  Peak 
and  other  crests  of  the  Wind  River  range.  There  appeared  to  be  a 
considerable  depression  in  the  Big  Horn  Mountains  nearly  due  east  from 
the  head  of  Yellowstone  Lake,  as  if  there  might  be  a  practicable  pass 
through  the  range  at  that  point.  This  should  be  examined.  Through- 
out all  this  wide  area,  with  its  numerous  lofty  crests,  there  were  no 
"snow-corere^"  p<'aks,  though  many  large  bodies  of  snow  appeared 
near  the  summits  in  every  direction. 

The  lower  slopes  of  the  mountain  are  heavily  timbered ;  but,  as  we 
approach  the  summit,  the  trees  become  scattered  and  stunted,  consisting 
mostly  of  Pinus  fiexilis  and  a  small  spruce,  Ahie8  Dovglam^  both  char- 
acteristic of  high  levels.  The  coarse,  yellow  lichen  {Ever  (f )  niavulj^na^) 
often  called  "Montana  moss,"  which  is  somewhat  abundant  at  lower 
levels,  but  is  there  rarely  found  well  fruited,  grows  here  in  immense 
quantities,  magnificently  fruited,  the  spore-disks  (apothecia)  being  fre- 

*Mount  Everts  had  been  used  for  it,  bnt  that  narae  was  already  in  nse  for  a  peak  farther 
north,  and  duplication  of  names  is  as  objectionable  in  ^(^ography  as  in  the  other  scieuoes. 
It  is  not  improbable  that  this  may  have  been  the  peak  to  \vhich  the  name  Mount  Mad- 
ison of  the  old  maps  was  intended  to  apply,  but  the  location  of  that  peak  was  so  many 
miles  distant  from  the  position  of  this,  and  had  so  diiferent  relations  to  surrounding 
ranges,  that  we  cannot  consider  tho  idontilicatiou  at  aU  certain,  and  therefore  most 
reject  the  name. 
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qnently  an  ioch  or  more  iu  diameter*  At  the  very  crest,  vegetation  is 
reduced  to  a  few  grasses  and  Alpine  plants,  and  the  gray,  red,  and  yel- 
low rock-lichens  which  so  commonly  make  these  high  levels  brilliant. 

The  extreme  crest  consists  of  a  dark,  brecciated  porphyry ;  but,  only 
a  few  feet  lower,  we  find  an  abundance  of  the  purplish-pink  laminated 
porphyry,  which  forms  a  large  part  of  the  mountain.  All  the  rock  is 
quite  ierrugiuous,  so  that,  on  weathering,  it  attains  the  dark-red  tint  so 
characteristic  of  the  mountain  as  seen  from  a  distance. 

In  the  south  slope  of  the  mountain  there  is  another  huge  crater-like 
hollow,  but  I  doubt  its  being  really  an  old  crater.  Its  slopes  are  steep, 
with  loose  rubbish,  on  which  we  could  hardly  stand,  while  at  the  same 
time  we  could  with  difficulty  drag  our  horses  down  it  to  our  chosen 
camping-spot  in  a  grassy  opening  by  the  side  of  the  small  stream  formed 
from  the  suow-banks,  which  probably  never  entirely  disappear  from  the 
head  of  this  hollow.  A  suow-fed  pond  lies  on  a  small  flat  near  the  head 
of  the  stream.  A  large  dike  of  very  compact  trap  crosses  this  ravine 
jast  above  camp,  running  about  north  44^  west.  Mr.  Hering,  with  his 
assistants,  remained  upon  the  summit  until  after  dark,  for  star-observa- 
tions, but  succeeded  in  bringing  his  instruments  safely  to  camp. 

Kext  morning  (I2th)  Mr.  Hering  and  Mr.  Stevenson  returned  to  the 
main  party,  while  the  rest  of  us  went  on  to  examine  the  head- waters  of 
tibeSoake,  whose  general  position  we  had  seen  from  the  summit  of  the 
moantaiu.  About  a  mile  below  our  camp,  we  came  to  a  curious  little 
8priog-pool,  standing  on  a  marshy  bottom.  Around  its  edge  there  was 
a  dam  like  border  of  roots,  grass,  and  moss,  by  which  the  water  was 
held  at  perhaps  a  foot  above  the  surrounding  marsh.  Apparently  the 
apnng  had  burst  up  through  an  old  turf,  which  had  turned  up  at  the 
edges,  and  through  which  the  water  had  never  been  able  to  break  down 
an  open  passage,  though  escaping  through  its  mass  and  over  its  edges. 
Oar  descent  continued  to  be  quite  rapid  for  nearly  two  miles  farther, 
^hen  we  reached  the  meadow-like  bottom  of  a  stream  coming  in  from 
the  left,  which  apparently  gathers  the  water  from  the  springs  which 
e»iape  from  the  foot  of  the  mountain,  nearly  round  to  the  basin  of  Heart 
Lake.  From  the  junction  of  the  two  streams  we  held  our  course  south- 
easterly, ovev  a  spur  about  500  feet  high,  until  we  struck  Heart  Eiver 
not  far  above  its  junction  with  Barlow's  Biver.  As  the  stream  leaves 
Heart  Lake,  it  flows  for  some  miles  through  dense  forests  of  pine  and 
spruce,  and  then  through  a  deep,  narrow  canon,  apparently  of  volcanic 
rock,  from  which  it  issues  just  above  where  we  struck  it.  This  river  is 
evideutly  not  subject  to  the  great  freshets  which  are  common  on  many 
of  the  streams  hereabout,  and  it  is  therefore  probable  that  Heart  Lake 
acts  as  a  retaining  reservoir  for  the  waters  of  the  melting  snows,  while 
the  melting  itself  goes  on  more  slowly  in  this  densely-timbered  basin 
than  on  the  barer  slopes. 

The  valley  about  the  junction  of  the  two  streams  contains  a  consider- 
able area  of  beaver-ponds.  Continuing  southward,  up,  the  valley  of  Bar- 
low's Kiver,  we  rode  for  two  or  three  miles  over  a  level,  sage-covered 
prairie,  but  little  above  high- water  mark.  The  stream  has  a  very  wide, 
l^avelly  channel,  in  contrast  with  which  its  present  flow  seemed  very 
^all,  though  really  of  pretty  good  size.  The  lower  slopes  of  Mount 
Hancock  on  the  west,  and  those  of  an  unnamed  peak  of  nearly  equal 
height  on  the  east,  soon  close  in  upon  the  stream,  forming  a  deep  and 
lUttrow  canon.  To  avoid  traveling  in  the  bed  of  the  stream,  we  followed 
8ome  of  the  numerous  game-trails,  which  led  us  to  from  300  to  400  feet 
above  its  level,  but  finally  brought  us  down  again  about  ten  miles  from 
Heart  River,  and  just  below  some  small  fitlls  and  lapids,  where  the 
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stream  descends  about  30  feet  in  about  200.  Abont  two  miles  be;low 
this  we  began  to  find  oatcrops  of  a  line-grained,  ferruginous,  laminated 
sandstone,  destitute  of  fossils,  but  probably  of  Tertiary  age.  Some  of 
tbe  layers  showed  abundant  ripple-marks.  At  the  falls,  the  rock  is 
heavy-bedded.  The  dips  are  mostly  about  22°,  varying  somewhat  on 
either  side  of  due  east.  Just  above  the  falls,  and  opposite  to  our  camp, 
four  thin  layers  of  coal,  varying  from  1  inch  to  6  inches  in  thickness,  and 
two  layers  of  clay  ironstone,  (iron  carbonate,)  varying  from  6  inches  to 
1  foot  in  thickness,  are  all  included  within  10  feet  of  shales.  About 
three  miles  above  this  point,  the  caiion  opens  out  into  a  broad  valley, 
with  rather  narrow  bottoms,  but  with  broad,  gentle,  grassy  slopes, 
topped  with  gently-rounded  hills,  partly  timbered,  partly  grassy.  The 
huge  rocks  which  lower  down  had  encumbered  both  bottoms  and  slopes 
gave  place  to  cobble-stones,  pebbles,  and  sand.  From  this  point  Captain 
Barlow  turned  eastward,  in  1871,  after  following  up  the  caiion,  as  we 
had  now  done;  and  here  we  turned  eastward  to  climb  the  hills.  From  | 
a  higher  point,  we  saw  that  the  rest  of  the  valley  is  mainly  a  broad 
basin.  There  appears  to  be  no  pond  at  the  head  of  the  stream,  which 
is  apparently  near  the  summit  of  a  flat  divide,  from  the  other  side  of 
which  the  waters  run  to  Buffalo  Fork.  This  is  mostly  fine  grazing- 
groand,  and  the  numerous  game-trails  give  evidence  that  it  is  frequented 
by  deer  and  elk  5  indeed,  we  found  two  herds  of  elk,  of  about  twenty 
each,  among  the  groves  on  the  top  of  the  ridge.  The  mountains  shut 
off  the  winds  on  all  sides,  and  the  valley  lies  so  well  to  the  sun  that 
the  snows  must  melt  rapidly  here,  thus  causing  the  great  freshets  of 
which  the  broad,  gravelly  bottom  of  the  river  below  had  already  given 
so  abundant  evidence.  The  upper  slopes  of  the  ridge  on  either  side  are 
mostly  bare  of  timber,  and  many  parts  of  them  are  badly  washed. 
Those  on  the  east  are  composed  of  mostly  thin-bedded  sandstones, 
probably  of  Tertiary  age,  at  least  2,000  feet  thick,  with  variable  south- 
easterly dips.  A  few  red  layers  appear,  but  the  majority  of  them  are 
gray.    No  fossils  were  found,  though  careful  search  was  made  for  them. 

From  the  summit  of  this  ridge,  we  again  saw  Yellowstone  and  Heart 
Lakes,  and  had  a  fine  view  of  the  rugged  Tertiary  (!)  crests  of  the  Big 
Horn  Mountains  to  the  east,  running  down  to  Union  Pass. 

The  scattered  groves  of  spruces,  with  occasional  pines,  which  are  so 
constantly  characteristic  of  the  upper  edge  of  the  timber,  occur  scat- 
tered over  these  upper  slopes,  and  nearly  every  cluster  contains  some 
young  trees;  but  we  nowhere  encounter  the  patches  of  dense  young 
growth  which  at  a  lower  level  so  constantly  start  up,  in  a  short  time, 
whenever  a  body  of  old  timber  has  been  burned  over  and  has  fallen, 
and  often  even  before  the  dead  trees  have  fallen.  The  idea  has  been 
advanced  that  the  burned  patches  are  not  thus  renewed  in  these  mount- 
ains; and,  under  some  circtimstances,  this  seems  to  be  true;  but  the  rule 
is  just  the  opposite,  as  those  of  us  who  have  had  occasion  to  penetrate  the 
vigorous  growth  of  this  dense  young  pine,  whether  alone  or  with  a  pack- 
train,  will  most  vividly  remember  while  memory  lasts. 

Crossing  this  ridge,  we  came  to  the  valley  of  a  stream  which  we  after- 
ward ascertained  to  be  the  head  of  the  main  stream  of  Snake  River. 
At  its  upper  extremity  we  found  a  flat  valley-divide,  upon  which  are 
two  small  i)onds,  near  together,  covering  from  eight  to  ten  acres  each, 
one  of  which  is  the  ultimate  source  of  Snake  River,  while  the  flow  from 
the  other  joins  Bufialo  Fork,  and  so  reaches  the  Snake  just  below 
Jackson's  Lake.  Ascending  the  high,  sharp  ridge  on  the  west  side  of 
this  valley,  at  least  500  feet  hiffh,  we  find  .its  slop(M  to  consist  entirely 
of  large  and  small  well-rounded  pebbles  of  variously-colored  quartzites, 
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np  to  the  very  snmmit,  where  this  deposit  is  jnst  pierced  by  an  outcrop 
of  the  gray  trachytic  lavas  and  red  basalt,  partly  vesicular,  though 
mostly  compact,  which  form  the  nucleus  of  the  ridge.  We  here  stood 
upou  one  of  the  highest  points  in  that  neighborhood,  about  8,654  feet 
above  the  sea;  so  that  we  were  entirely  at  a  loss  as  to  the  source  from 
which  had  flowed  the  large  river  which  had  distributed  such  immense 
amoants  of  gravel  and  sand.  We  could  obtain  no  local  data  which 
shoald  enable  us  to  judge  whether  the  stream  had  flowed  northward  or 
soatiiward,  bat  the  general  levels  of  the  country  would  imply  a  north- 
erly drainage.  The  deposit  is  evidently  very  ancient,  but  no  consider- 
able consolidation  had  taken  place. 

Looking  westward,  a  heavy  mass  of  mountains,  broken  by  very  few 
water-courses,  at  least  on  their  eastern  face,  lies  between  us  and  the 
basin  of  Jackson's  Lake,  and  I  believe  that  this  is  here  properly  the 
"  main  range"  of  the  Rocky  Mountains.  It  is  certainly  part  of  the  liigliest 
mass-eonneetian  between  the  Wind  Biver  and  Big  Horn  Mountains,  on 
the  east,  which  really  form  the  northern  termination  of  what  is  the  main 
range  farther  south,  and  the  range  west  of  the  Three  Forks  of  the 
Missonri,  which  there  bears  the  name  of  Eocky  Mountains,  and  the  con- 
tinuation of  which  really  appears  to  be  the  main  range  farther  north,  so 
far  as  the  best  maps  indicate. 

Above  this  mountain-mass  the  T^tons  loom  up  grandly.    A  peak  of 
that  range,  some  fifteen  or  twenty  miles  north  of  Mount  Hayden,  is  * 
second  only  to  that  peak  in  elevation. 

Passing  westward  the  quartzite-gravel  continues  for  several  miles, 
though  the  mass  of  all  the  ridges  is  composed  of  a  coarse  volcanic 
breccia.  The  slopes  are  here  much  flatter  and  more  rounded,  with  heavy 
growths  of  fine  spruce,  of  which  large  areas  have  been  burned  and 
have  fallen,  so  that  we  found  some  large  patches  absolutely  impassable 
with  animals,  and  were  obliged  to  make  considerable  ddtours  to  avoid 
them.  The  small  streams  heading  here  have  flat  valleys,  with  some 
good  meadows. 

Descending  the  valley  of  Coulter's  Creek,  we  found  that  the  high 
divide  between  the  head  of  this  creek  and  the  head  of  Snake  River  con- 
sisted of  rapidly-disintegrating  volcanic  rocks,  mostly  conglomerates  of 
trachytic  porphymgr,  obsidian,  &c.,  like  those  which  form  the  very  pre- 
cipitous banks  of  the  streams.  Many  bare  spots  on  the  slopes  indicate 
old  land-slides,  some  of  them  of  large  size.  The  main  valley  is  narrow 
and  in  some  parts  deeply  cafioned,  so  that,  with  both  steep,  rocky 
slopes  and  badly-interlocked  fallen  timber,  we  had  great  ditiiculty  in 
making  a  passage  out  to  the  valley  of  the  main  Snake.  This  stream,  we 
found,  after  a  course  of  about  twelve  miles  from  its  ultimate  sources, 
running  through  a  broad  graveled  channel,  200  feet  or  more  in  width, 
with  three  considerable  terraces  on  either  bank,  along  which  we  rode  to 
the  junction,  of  Barlow's  River.  The  gravel  is  in  some  places  washed 
away  by  the  stream,  so  as  to  expose  a  solid  river-bed  of  volcanic  rocks, 
^ear  the  junction,  the  terraces  are  at  the  levels  of  about  25,  80,  and  140 
feet  above  the  present  level  of  the  bottoms.  These  are  also  developed 
to  some  extent  along  Barlow's  River,  which  enters  the  Snake  at  a  sharp, 
reversed  angle,  through  a  narrow  cafioned  valley,  from  the  upper  slopes 
of  which  we  could  seethe  broad  flats  about  the  mouth  of  Heart  River. 
Though  this  fork  brings  at  this  season  the  most  water  to  the  united 
streaui,  and  has  the  longest  course,  draining  the  largest  area,  yet  the 
relative  forms  of  the  valleys  at  once  decided  that  this  could  not  properly 
be  called  the  main  Snake  River. 
On  the  broad  lower  terrace,  about  a  mile  west  of  the  mouth  of  Barlow's 
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Biver,  stands  a  large  coDical  mound,  about  65  or  70  feet  high  and  per- 
haps 250  feet  in  diameter  at  the  base.  Though  circumstances  prevented 
me  from  making  the  desired  examination  of  it,  yet,  from  the  regularity 
of  its  outline,  1  ieel  quite  certain  that  it  is  a  structure  of  the  age  of  the 
Mound-builders.  No  other  relics  of  that  interesting  people  were  seen 
upon  the  entire  trip,  unless  the  rude  rock-wall  reported  by  Mr.  Steven- 
son as  existing  upon  the  summit  of  Mount  Hayden  should  prove  to  be 
such. 

The  broad  valley  soon  narrows  again  to  a  deep  canon,  walled  by  red 
shaly  sandstones,  containing  no  fossils  beyond  indistinct  fucoidal  mark- 
ings, which  are  referred  with  doubt  to  the  Triassic  period.  The  gray 
beds  of  the  lower  part  of  the  series  make  their  appearance  in  the  lower 
end  of  the  canon.  The  stream  is  here  broad  and  shallow  and  easily 
forded,  so  that  the  cation  can  be  easily  traversed  at  this  season.  From 
this  point  the  valley  is  wide  and  terraced,  the  bordering  ridges  bein^  a 
mile  or  more  apart ;  and  this  continues,  gradually  widening,  to  the 
basin  of  Jackson's  Lake.  Just  at  the  mouth  of  the  narrow  canon,  the 
river  bends  sharply  to  the  right  and  then  to  the  left,  so  that  the  form 
of  the  slopes  gives  the  descending  traveler  reason  to  expect  here  a  large 
afi^uent ;  but  none  exists.  About  a  mile  lower,  we  came  suddenly  upon 
a  small  basin  of  hot  springs,  most  of  which  are  now  nearly  extinct, 
though  some  large  monnds  on  the  river-bank  give  evidence  of  great 
activity  in  former  times.  The  active  vents  seen  were  all  in  the  bed  or 
on  the  bottoms  of  the  river,  so  that  their  flow  was  more  or  less  mingled 
with  river- water ;  and  no  temperatures  were  taken.  The  deposits  are 
siliceous.  Mr.  Taggart  found,  near  here,  at  the  foot  of  the  second  ter- 
race, several  conical  depressions,  from  30  to  40  feet  deep  and  from  75  to 
100  feet  in  diameter,  which  might  have  been  old  spring-basins,  though 
their  origin  is  by  no  means  certain.  At  the  bottom  of  one  of  these  lay 
two  dead  rabbits,  upon  which  there  were  no  signs  of  violence.  No  other 
signs  of  escaping  gas  were  noticed. 

This  hot-spring  basin  occurs  at  the  upper  edge  of  a  belt  of  basalt, 
which  forms,  a  little  farther  on,  lofty  vertical  walls,  from  300  to  500  feet 
high,  through  which  a  small  stream,  coming  in  from  the  north,  has  worn 
a«  deep,  narrow  caiion.  About  two  miles  below  this,  high  wallsof  nearly 
white  limestone  appear  on  either  hand,  thoagh  the  fading  light  of  even- 
ing prevented  a  clear  understanding  of  the  relative  position  of  the  beds 
at  the  junction.  It  is  probable  that  the  basalt,  escaping  from  some  vent 
in  the  volcanic  range  of  lied  Mountain,  filled  a  large  north  and  south  val- 
ley, of  which  the  limestone  had  previously  formed  the  western  wall;  and 
semi-metamorphism  should  be  found  in  the  limestones  near  the  line  of 
contact. 

About  three  miles  more  brought  us  to  the  camp  of  the  main  party,  at 
the  mouth  of  Lake  Fork,  where  the  broad  valley  of  the  Snake  makes  a 
sweeping  curve  into  its  future  southerly  course,  while  Lake  Fork  itself 
joins  it  from  the  north  through  the  narrow  caiion  which  it  has  worn 
down  through  a  high  barrier  of  volcanic  rock. 

In  descending  from  Lake  Lewis,  the  main  party  found  the  river-banks 
low  and  rocky  for  a  short  distance,  before  the  stream  enters  a  cahon  with 
walls  from  150  to  200  feet  high,  in  which  were  encountered  sharp  rapids 
and  a  vertical  fall  of  about  30  feet.  Then,  for  a  mile  or  two,  the  slopes 
are  gradual,  with  narrow,  swampy  bottoms  along  the  river.  About  three 
miles  below  the  lake,  high,  rocky  banks  indicate  the  approach  to  a  deep 
canon,  which  really  commences  at  about  three  and  a  half  miles,  with 
perpendicular  walls  on  both  sides,  inclosing  a  narrow  channel  with  a 
rapidly-sloping  rocky  floor,  in  some  places  partially  obstructed  by  huge 
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tombling  masses  of  rock,  but  apparently  without  any  accamulation  of 
gravel.  Considerable  rapids  occur  through  nearly  the  whole  canon,  and 
one  fall  of  nearly  50  feet  was  noticed.  The  caiion  deepens  rapidly  to 
from  700  to  800  feet,  with  widths  of  less  than  half  the  depths  at  the 
deepest  precipitous  portions,  though  in  some  places  widening  above,  so 
as  to  have  sloping  banks  of  about  50^  from  the  horizon.  About  three 
miles  down,  it  reaches  its  culmination,  and  is  truly  grand.  It  has  none 
of  the  brilliancy  of  coloring  so  characteristic  of  the  Yellowstone  Canon, 
but  the  somber  tints  of  its  gray,  brown,  and  dark-red  lichen-covereil 
rocks,  occasionally  variegated  with  smaller  patches  of  green  and  yellow, 
constitute  a  peculiar  style  of  beauty  and  add  greatly  to  the  effect  of  its 
narrow  dark  depths.  The  only  deficiency  is  in  the  supply  of  water, 
which  is  small  at  this  season.  The  rocks  are  all  volcanic,  mostly  por- 
phyries and  trachytes,  with  some  porphyritic  obsidian.  Some  two  miles 
below  the  end  of  the  main  canon,  the  cliffs  close  in  again  to  the  river, 
for  a  few  hundred  feet,  to  a  width  of  about  200  feet,  with  a  height  of 
400  feet  or  more,  forming  a  suitable  gateway  to  the  canon  from  below. 
The  valley  below  this  is  still  narrow,  but  opens  enough  to  give  room 
for  a  few  beaver-dams  in  its  swampy  bayou- banks  before  it  rushes  out 
into  the  valley  of  the  Snake. 

The  high  ridges  which  form  the  slopes  about  Lake  Lewis  bear  back 
from  the  river  and  form  no  part  of  its  lofty  caiion-walls.  Between  th^ 
river  and  this  upper  slope,  on  the  west  side,  a  large  stream  gathers 
its  waters  from  the  abundant  springs  of  the  mountains  and  occui)ies  a 
broad  flat  valfey  on  the  lower  level,  filled  with  beaver-dams,  whence  it 
rashes,  throagh  a  narrow,  winding  cafion  and  over  a  30-foot  fall,  to  meet 
the  river  about  a  mile  above  its  junction  with  the  Snake.  On  the  foot- 
slopes  of  the  mountain,  along  the  west  side  of  the  beaver-dam  flat, 
there  are  considerable  numbers  of  warm  springs  oozing  out,  and  con- 
siderable accumulations  of  siliceous  deposits  are  indicated  by  the  soil. 
A  small  run,  formed  from  a  number  of  these  springs,  gave  a  tempera- 
tare  of  101^.  It  is  possible  that  active  springs  of  some  size  exist  in 
tbis  neighborhood,  but  the  contrary  is  indicated  by  the  extensive  bodies 
of  dense  timber,  which  also  hinder  exploration.  From  the  south  end  of 
tbe  cluster  of  beaver-dams  aforesaid,  a  stream  flows  southward,  which 
attains  a  pretty  good  size  before  it  joins  the  Snake,  about  three  miles 
below  the  camp  at  the  forks.  Its  source  is  probably  in  strong  springs 
on  the  flat  divide,  which  have  been  dammed  up  by  the  beavers  so  hign 
that  the  ponded  waters  can  escape  in  both  directions. 

The  mountain  which  bears  off  westward  from  the  head  of  the  canon 
forms  the  steep  northern  wall,  while  the  extreme  slopes  of  the  T^tou 
Bange  form  the  more  gently -sloping  southern  boundary  of  a  flat  valley, 
from  five  to  eight  miles  wide,  which  breaks  through  to  the  basin  of  Hen- 
ry^s  Fork,  and  is  occupied  by  the  sources  and  main  stream  of  Falls 
Biver.  The  extreme  source  of  this  river  is  in  the  great  water  shed  of  the 
northern  mountain,  from  whose  southern  face  it  bursts  in  four  immense 
springs,  which  leap  from  its  steep  rocky  sides  as  full-grown  streams, 
and  rush  in  beautiful  cascades,  from  75  to  100  feet  high,  down  a  slope 
of  about  40<^,  to  form  two  large  branches,  which,  a  mile  l^low,  unite  in  a 
stream  carrying  about  20  feet  of  water.  After  a  winding  course  of  two 
or  three  miles,  from  several  points  of  which  it  could  with  very  little  dif- 
ficulty be  turned  eastward  into  the  main  Snake,  it  flows  with  a  still 
rapid  current  into  the  more  northern  of  two  small  lakes,  known  to  us 
as  Beulah  Lakes,  which  lie  upon  the  lowest  part  of  the  divide  and  are 
each  fropi  fiOO  to  800  feet  across.  The  southern  one  has  now  no  surface- 
outlet,  but  marshy  grounds  extend  to  the  more  northern  one,  over  which 
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outflow  mast  pass  when  the  surface  of  the  lake  is  from  four  to  six  feet 
higher.  The  divide  toward  the  east  is  only  8  feet  above  the  lake.  From 
the  west  end  of  the  more  northern  lake,  about  30  feet  of  water  flow  out 
rapidly,  soon  jumping  over  a  fall  of  12  feet.  Strong  branches  soon  join 
the  stream  from  the  north  and  one  from  the  south,  and  double  its  sup- 
ply of  water.  Five  other  falls  succeed,  of  6, 12,  40,  20,  and  30  feet,  be- 
fore we  reach  the  Great  Falls.  These  show  a  total  descent  of  141  ieet, 
consisting  of  three  larger  falls  above,  the  third  being  47  feet  high,  with 
three  small  ones  at  the  bottom.  The  upper  two  are  somewhat  of  horse- 
shoe form,  while  the  third  and  highest  has  a  nearly  straight  edge.  The 
amount  of  water  in  the  stream  is  fully  SO  feet.  The  porphyritic  trachyte 
of  its  walls  forms  perpendicular  clifi's,  with  rounded  tops.  A  stream  of 
some  size  comes  in  about  a  half  mile  above  there,  on  the  south  side, 
with  fine  cascades  on  its  upper  course,  while  its  sources  lie  in  a  basin  of 
the  mountain  whose  form  indicates  that  it  may  inclose  a  small  lake ;  the 
left-hand  branch  of  this  stream  comes  from  two  small  lakes  on  the  di^ 
vide,  as  hereinafter  described. 

From  the  lakes  downward,  we  And  laminated  porphyries,  succeeded 
by  trachytes  and  red  and  black  porphyritic  obsidian.  Below  the  falls, 
a  high  knob  consists  of  a  flue-grained,  compact,  white  trachyte,  which 
contains  disseminated  plates  of  black  mica,  (muscovitef)  and  which,  with 
but  a  slight  change  of  texture,  might  readily  be  mistaken  for  granite. 
From  this  knob  we  have  a  flue  view  westward  to  the  lower  basin  of  this 
river  audits  tributaries.  The  largest  of  these,  Bechler's  River,  comes  out 
of  the  plateau  of  the  great  watershed,  about  ten  miles*  to  the  north- 
ward, into  a  large  basin  apparently  containingextensive  grassy  meadows, 
and  then  passes  among  rounded  timbered  hills  to  join  Falls  Biver, 
apparently  but  a  few  miles  above  our  lower  crossing  of  that  stream. 
Large  grassy  meadows,  some  miles  farther  north,  indicate  another  large 
stream,  probably  tributary  to  Be^hler's  Biver;  but  it  was  impossible 
to  trace  its  course  with  any  certainty  at  that  distance.  Some  miles 
down  Falls  Biver  our  guides  report  another  fall,  about  40  feet  high ;  so 
that  it  will  be  seen  that  the  stream  deserves  its  name.  The  slopes  near 
the  river  are  mainly  well-rounded  and  fairly  timbered,  though,  at  a  few 
points,  steep  and  even  precipitous  and  bare.  The  stream  presents  the 
utmost  variety  *  of  water-scenery  within  a  short  distance ;  from  the 
still,  deep  pools,  which  accompany  a  short  stretch  of  beaver-dams,  to 
short,  sharp  rushes  over  steep  rock-slopes,  to  successions  of  steps,  form- 
ing various  styles  of  rapids,  and  to  vertical  falls  of  various  forms  and 
sizes — a  perfect  treasury  of  artistic  bits. 

The  elevation  of  this  divide  and  the  moderate  character  of  the  slopes, 
averaging  about  54  feet  to  the  mile  from  Henry's  Fork  to  the  summit,  in- 
dicate this  to  be  a  favorable  line  for  railroad-access  from  the  south  to  the 
region  of  Yellowstone  Lake,  if  such  should  be  thought  desin\ble.  From 
the  main  line  up  Henry's  Fork  to  Montana,  of  which  this  would  doubtless 
be  a  branch,  the  road  would  follow  up  the  ridge  on  the  south  side  of 
Falls  Biver  to  the  divide,  thence  keep  around  the  foot  of  the  northern 
mountain  to  Lake  Lewis,  cross  Lake  Fork,  and,  passing  along  the  eastern 
shore  of  the  lake,  cross  the  flat  divide,  striking  Yellowstone  Lake  about 
the  middle  of  its  western  side,  and  thence  follow  down  the  valley.  It  is 
probable  that  a  route  could  be  located  from  Lewis's  Lake,  past  the  north 
end  of  Shoshone  Lake,  to  the  Fire- Hole  basins;  but  the  most  easy  ac- 
cess to  the  Fire-Hole  is  by  way  of  Henry's  Lake  Valley,  Tyghee  Pass, 
and  the  Ui>per  Madison  Canon.  Between  the  Fire-Hole  and  Yellow- 
stone Lake,  the  ridges  are  too  sharp  to  be  passed  by  railroads,  unless  by 
very  winding  routes  or  by  long  tunnels. 


aEOLOOIOAL   SURVEY   OP   THE   TERRITORIES.  259 

A  short  distance  southwest  of  Beulah  Lakes,  over  a  divide  about  300 
feet  high,  and  at  a  level  about  100  feet  lower,  Mr.  Bechler  found  two  other 
small  lakes,  at  the  head  of  a  branch  of  the  stream  which  enters  Falls 
River  from  thesouth,  just  above  the  Great  Falls.  The  upper  one  has  an 
area  of  something  over  one  hundred  acres,  with  rocky  banks,  and  flows 
to  the  lower,  which  occupies  about  40  acres  in  the  center  of  a  marshy 
basin  of  perhaps  a  hundred  and  forty  acres. 

Southeast  of  these  latter  lakes,  over  a  divide  about  350  feet  high, 
we  reach  the  head  of  a  valley  running  eastward  to  the  main  Snake.  Its 
upper  iK>rtioii  is  a  flat  basin,  about  one  and  a.half  miles  long  by  a  mile 
wide,  bounded  on  the  east  and  north  by  from  400  to  500  feet  of  volcanic 
rocks,  of  which  the  upper  200  feet  present  a  vertical  front,  while  the 
remainder  is  mainly  covered  by  a  slope  of  tumbling  rubbish  down  to 
the  stream.  The  other  slopes  are  rounded,  as  are  also  most  of  those 
along  the  lower  course  of  the  stream  down  to  its  junction  with  the  Snake. 

All  this  wide  area,  from  these  northern  slopes  of  the  T^ton  Eange 
nearly  to  the  Tyghee  Pass  and  to  the  mountains  on  the  north  side  of 
the  Upper  Madison,  though  actually  quite  elevated,  is  relatively  much 
depressed  below  the  summits  of  the  limestone,  quartzite,  and  granite 
moantains  on  either  side.  From*the  general  distribution  of  the  volcanic 
rocks,  as  well  as  from  facts  observed  elsewhere,  I  am  inclined  to  believe 
that,  before  the  ejection  of  these  immense  bodies  of  lavas,  there  was 
here  a  broad  valley,  through  which  the  drainage  of  the  upper  mount- 
aio-region  to  the  eastward  found  its  way  out  to  the  great  basin  of  the 
Snake,  while  the  canon  by  which  it  now  escapes  through  the  high 
mouDtain-mass  south  of  the  T^tons  had  not  been  cut  down. 

Immediately  opposite  the  camp  at  the  mouth  of  Lake  Fork,  there  is 
a  considerable  cluster  of  dead  and  dying  hot  springs.  Several  mounds 
indicate  the  former  positions  of  geysers  of  considerable  size.  The  temper- 
atures of  ten  springs  were  taken  by  Mr.  Taggart,  varying  from  102°  to 
1580  Three  were  above  150O.  The  deposits  are  now  rapidly  disintegrat- 
ing. Upon  one  large  conical  mound  this  process  had  developed  a  col- 
nmuar  or  fibrous  condition  of  the  geyserite.  Similar  spring-deposits 
also  occur  on  the  west  side-of  the  river,  from  one  to  four  miles  below 
this  camp,  and  some  of  the  mire-holes  so  common  in  the  Fire-Hole 
hasins  were  also  encountered.  Upon  looking  back  from  below,  two 
large  columns  of  steam  were  seen,  about  a  mile  up  the  Beaver-Dam 
Creek,  which  seemed  to  indicate  the  possibility  of  geysers  still  existing 
there.  The  lower  part  of  that  stream  was  full  of  purple-nacred  unios^ 
apparently  like,  or  closely  allied  to,  those  found  in  the  branches  of 
Henry's  Fork. 

Along  the  east  side  of  the  river,  the  face  of  the  high  ridge*  shows  the 
following  rocks,  according  to  notes  taken  and  specimens  brought  in  by 
Mr.  Taggart : — At  the  base  lie  about  200  feet  of  white  and  light-gray 
qnartzices,  overlaid  by  from  500  to  600  feet  of  light-drab  and  dark-gray 
limestones,  and  about  100  feet  of  gray  sandstones,  followed  by  heavy 
beds  of  red,  shaly  sandstones,  apparently  the  same  as  those  seen  higher 
Qp  the  river.  I  am  not  satisfied  as  to  the  age  of  either  the  limestone  or 
the  qnartzite.  The  ridge  is  capped  with  beds  of  porphyritic  trachytes, 
having  a  dip  of  about  30^  to  the  southeast,  while  the  limestones  beneath 
dip  about  40^  in  the  same  direction,  showing  that  their  tilting  com- 
menced before  the  deposition  of  the  trachytes. 

The  main  trail  crosses  the  Snake  about  a  mile  below  camp,  and 
passes  over  the  hills  so  as  to  cut  off  a  considerable  bend  of  the  river. 
Prom  six  to  eight  miles  below  the  forks,  a  spur,  which  runs  nearly  to 
the  west  bank  of  the  river,  shows  a  high  bluff  face  of  porphyritic 
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trachyte.  The  valley  is  here  wide  and  flat,  mostly  marshy,  with  some 
large  bayous.  There  are  considerable  areas  of  flue  graziug-ground  aud 
many  large  patches  of  willows.  Que  island-like,  rocky  knob,  with  part 
of  the  first  terrace,  which  has  been  protected  by  it  from  erosion,  stauds 
out  in  the  middle  of  the  valley,  about  a  mile  below  the  cliffs.  The  river 
is  here  of  moderate  depth,  with  a  bottom  of  small  pebbles  and  muddy 
sand,  but  good  fords  are  few  and  mostly  diflicult  of  access  by  reason 
of  the  marshes  bordering  the  stream,  so  that  the  necessary  crossing  to 
the  east  bank  should  be  made  near  where  our  train  crossed,  unless 
special  reasons  take  one  down  the  west  side.  As  we  approach  the 
lake,  the  stream  gets  deeper  aud  more  sluggish,  being  somewhat 
checked  by  the  back-water  of  the  lake.  Broad  marshy  flats  stretch 
back  from  the  shore  of  the  lake  on  both  sides  of  the  river.  On  all  these 
flats  we  And  an  abundance  of  ^^  bitter  cottouwood,"  which  had  formed, 
higher  up,  only  a  very  small  part  of  the  timber-growth,  though  its  young 
plants  had,  for  the  last  fifteen  or  twenty  miles,  furnished  rapidly-increas- 
ing patches  of  yellow  and  palered  along  the  slopes,  thus  replacing,  in 
some  degree,  the  autumn-tints  of  the  hickories,  chestnuts,  and  maples 
of  more  eastern  regions,  while  a  small  mountain-ash  was  doing  its  best 
to  replace  the  deeper  crimsons  of  the  oaks  and  'of  some  of  the  maples. 
The  development  of  these  tints  did  not  seem  to  be  at  all  connected  with 
any  special  increase  of  cold  ;  and,  indeed,  we  had  been  having  frequent 
freezes  all  the  summer,  without  any  apparent  effect  upon  the  vegeta- 
tion, which  seemed  to  be  accustomed,  as  the  grasshoppers  are,  to  being 
frozen  up  every  night  and  thawed  out  every  morning. 

The  T^ton  Eange  had  been  before  us  for  many  days  as  a  prominent 
feature  of  the  landscape,  but  now  its  peaks  stood  up  as  the  features  of 
main  interest,  bounding  the  valley  on  the  west  with  a  series  of  roof-like 
ridges  aud  pointed  peaks^  well  besprinkled  with  patches  of  suow. 
Farther  north  and  east,  we  had  been  having  pleasant  weather,  while 
this  portion  of  the  valley  had  several  successive  days  of  cloud  and  rain, 
as  reported  from  our  guide,  Beaver  Dick,  who  met  us  again  here,  hav- 
ing crossed  from  the  valley  of  Henry's  Fork.  When  these  Rtorois 
reached  the  higher  portions  of  the  mountains,  their  deposit  took  the 
form  of  snow,  so  that  the  drifts  were  now  much  larger  than  whea  we 
struck  the  range  on  the  other  side,  in  July. 

On  September  21,  the  minimum  thermometer  recorded  4^^ ;  and  a 
clear  sky,  with  cool  weather,  gave  us  unusually  fine  views.  The  peaks 
stood  out  sharply,  while  the  gaps  and  canons  were  full  of  a  deep-blue, 
smoky  light,  which  would  touch  the  heart  of  the  least  artistic. 

On  the  northeastern  slopes  of  the  range,  several  hundred  feet  of  lime- 
stones represent  the  Lower  and  Upper  Silurian  atid  the  Carboniferous, 
as  on  the  other  side  of  the  range.  Their  area  here  is  limited,  and  has 
not  been  traced  to  its  abutment  against  the  volcanic  rocks,  which  fill 
the  depression  to  the  northward.  The  range  is  much  flattened  and 
rounded  off  at  this  extremity ;  and  I  am  inclined  to  believe  that  the 
granitoid  nucleus  declines  so  much  as  to  allow  of  the  connection  of  the 
limestones  of  the  east  and  west  slopes  being  exposed  between  it  and  the 
volcanic  rocks.  At  least,  the  dips  indicate  that  such  a  warped  connect- 
ion once  existed  ;  and  I  shall  not  be  very  far  wrong  in  coloring  the  map 
according  to  that  supposition.  The  underlying  quartzite  (Potsdam  f ) 
was  not  seen  here,  but  is  probably  in  place,  as  it  appears  a  few  miles 
farther  south.  The  most  northern  large  caiion  of  the  range  exposes, 
beneath  the  limestones,  a  heavy  body  of  dark  micaceous  gneiss,  with 
both  granite  aud  quartz  veins.  The  local  dip  is  northeasterly ;  but  the 
main  dip  of  the  metamorphic  rocks  here  is  southerly. 
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Along  the  shores  of  Jackson's  Lake  there  are  no  outcrops  which 
woaM  enable  one  to  decide  where  the  diiferent  strata  lie ;  bat,  at  its 
soQthern  end,  there  are  high  knobs  of  porphyries  and  trachytes,  which 
indicate,  by  their  position,  at  least  a  former  connection  with  the  more 
Dorthem  beds,  which  we  traced  to  within  live  miles  of  the  northern  end 
of  the  lake. 

Jackson's  Lake  is  a  very  irregular  body  of  water,  much  cut  up  along 
its  borders  by  long,  narrow  promontories  jutting  out  into  it  from  both 
sides,  and  containing  one  large  island,  which  nearly  separates  the  lake 
into  two.  The  main  lake  is  from  two  and  a  half  to  three  miles  wide, 
and  the  total  length  is  about  eight  miles.  In  the  soundings  taken  by 
Mr.  Adams,  the  greatest  depth  found,  268  feet,  was  about  a  mile  from 
the  western  shore.  The  series  of  soundings  was  far  from  complete,  by 
reason  of  a  squall  coming  down  from  the  T6tons  and  raising  dangerous 
waves,  so  that  they  had  to  give  up  the  rest  of  the  work.  The  lower 
slopes  of  the  more  northern  T6tons  come  sharply  down  to  the  lake  on 
the  west,  and  these  steep  slopes,  together  with  the  tangled  undergrowth 
of  willow,  Cottonwood,  mountain-ash,  and  iron-weed,  with  occasional 
box-elder  and  maple  and  some  tracts  of  fallen  timber,  make  passage 
along  there  diflicult  for  a  train ;  but  its  other  shores  are  surrounded  by 
low  hills  and  by  broad  meadows,  largely  occupied  by  beaver-dam  and 
other  swamps.  These  flats  are  much  cut  up  by  bayous,  and  include 
several  ponds  of  considerable  size.  Others  are  found  among  the  rounded 
hills  of  gravel,  which  remain  from  the  upper  terrace  of  the  old  river- 
border.  Two  of  these,  lying  from  two  to  three  miles  east  of  the  outlet, 
toward  the  valley  of  Buffalo  Fork,  are  each  about  two  miles  long  by  a 
half  mile  wide.  They  apparently  occupy  portions  of  ancient  river-chan- 
nels. A  stream  of  about  the  size  of  Barlow^s  River,  with  broad  gravel- 
bottom  and  rapid  current,  comes  out  of  the  hills  opposite  the  lower  end 
of  the  lake  and  joins  the  Snake  just  after  it  has  escaped  from  the  lake. 

The  views  from  the  east  shore  of  the  lake  are  wonderfully  grand. 
The  T^tons  rise  majestically  from  its  western  shore  to  the  height  of 
7,000  feet  above  its  surface,  with  sharp  slopes  and  walls  of  bare  rock 
above,  and  their  bases  buried  in  a  dark  mass  of  pine  and  spruce,  while 
at  this  season  (September  24)  their  snow-covered  summits  give  the  be- 
holder a  strong  sense  of  sublimity.  At  times  they. are  wrapped  in 
heavy  masses  of  cloud;  but  even  then  they  are  grand.  The  accompany- 
ing sketch  of  the  face  of  the  range,  as  seen  from  near  the  North  Gros 
Ventre  Butte,  has  been  copied  from  Mr.  Bechler's  field-notes.    (Fig.  50.) 

A  few  miles  below  the  lake,  Buffalo  Fork  enters  from  the  east  through 
a  broad  valley  with  grassy  and  willowy  bottoms,  bringing  a  very  large 
body  of  water.  These  bottoms  contain  some  large  groves  of  Menzies's 
spruce,  [Abies  Menziesiij)  whose  peculiar  cones  were  seldom  seen  else- 
where by  us.  Near  the  mouth  of  the  stream  gray  and  buff,  fine-grained, 
shaly  sandstones  of  indeterminate  age  dip  sharply  to  the  southeast, 
and  similar  rocks  appear  in  the  bed  of  Snake  River,  at  the  ford  just 
above  the  mouth  of  Buffalo,  but  the  dips  are  here  much  confused. 
3fr.  Bechler  followed  the  Buffalo  nearly  to  its  head,  and  reports  that, 
for  about  twelve  miles  from  its  mouth,  its  broad,  open  valley  shows  no 
rock,  but  has  rounded  slopes  covered  with  "quaking  Sispy"  (Populiis 
tremuloidesy)  and  bottoms  full  of  beaver-dams.  About  twelve  miles  up, 
the  valley  nari'ows  t6  a  canon  from  350  to  400  feet  deep  by  from  50  to 
200  feet  wide,  for  about  three  miles,  with  coarse,  gray  sandstone  walls. 
About  one  and  a  half  miles  of  a  rounded  basin,  with  beaver-dams, 
then  intervenes  before  reaching  the  setjond  canon,  which  has  nearly  the 
same  character  as  the  first  and  is  about  two  miles  long.    A  broad  basin 
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succeeds,  &V)iii  five  to  seven  miles  across,  reaching  up  to  the  foot  of  the 
high  vertical  limestODe-walls  of  the  main  divide  (T),  whose  ragged  crest 
shows  plainly  from  the  moutb  of  the  valley,  aud  from  whose  maoy 
gorges  come  the  nameroas  small  spring-branches  which  form  the  main 
stream.  Besides  the  main 
fork,  seven  or  eight  large 
creeks  come  in  from  either 
side,  showing  that  the  basin 
as  a  whole  occupies  a  large 
area,  and  its  amonnt  of  wa- 
ter makes  this  one  of  the 
most  important  tribataries 
of  the  Upper  Snake.  At 
this  season,  indeed,  it  car- 
rieil  fully  two  ■  thirds  as 
mach  water  as  the  Snake 
itself.  About  the  month 
of  the  valley,  Che  slopes  are 
j  covered  with  partially-ce- 
g  mentedPost-Tertiarysands 
a  and  gravels,  with  occa- 
I  sional  exposures  of  white 
^  marly  clays,  supposed  to 
if  be  of  the  same  age,  though 
■^  no  fossils  were  seen.  The 
jS  gray  sandstones  of  the 
3  canons  are  plainly  the  con- 
-g  tinaation  of  the  Tertiary  (t) 
I  beds  of  Barlow^s  River 
I  directly  to  the  northwar<l ; 
a  and  the  limestones  of  the 
h  high  cliffs  at  the  head  of 
1  the  valley  are  probably  of 
«  QuebecUroapage,perhap8 
I  capped  with  Carboniferoaa. 
S  A  small  bit  of  fiue-graioed, 
^  compact  sandstone,  foand 
I  loose  on  the  rubbish-slope 
U  near  the  top  of  the  moan. 
5  tain  by  Mr.  Brown,  c»n- 
I  tains  fragments  of  some 
B  thirty  trilobites  of  the  gen- 
rf  era  Conocoryphe  and  Dicel-  ■ 
looepkalvs  ^t). 

Suabe  Bi  ver  escapes  troia 
Jackson's  Lake  at  its  soath- 
eastem  augle  and  mns  oft 
eastward  to  the  valley  of 
Buffalo  Fork  before  renew- 
ing its  southerly  course. 
Yet,  from  the  top  of  the 
bntterat  the  month  of  the 
lake,  it  is  plainly  seen  that 
a  broad  valley  extends 
directly  southward  from 
the  southern  extremity  of 
the  lake  J  and  it  at  once 
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becomes  a  qaestion  why  the  river  has  thus  deserted  its  own  proper  valley 
and  has  tarned  off  so  far  to  the  east  to  find  another  outlet.  Four  old  ter- 
saces  are  strongly  marked  along  the  river,  and  the  third,  above  its  present 
level,  forms  broad  plains,  on  both  sides  of  the  river,  below  the  mouth  of 
Buffalo.  Moreover,  the  old  river-gravel,  consisting  mostly  of  quartzites, 
runs  to  the  top  of  the  island-like  knobs  in  the  center  of  the  valley  as 
well  as  of  some  of  the  hills  which  border  it.  Grossing  westward  over 
tbe^e  broad  plains,  which  are  mostly  covered  with  sage-brush,  except 
about  the  isolated  ponds,  which  seem  to  give  evidence  that  much  of  this 
third  terrace  has  been  worked  over  by  the  river  and  cut  up  by  bayous, 
we  cross  a  narrow  belt  of  spruces  covering  the  surface  of  the  fourth  ter- 
race, and  then  descend  to  the  old  deserted  channel  of  the  river,  which  is 
nearly  on  a  level  with  the  third  terrace.  Grossing  this  valley  directly 
toward  the  mountain,  we  come  at  once  to  a  series  of  high,  steep,  narrow 
ridges,  covered  with  immense  masses  of  granite  and  heavily  timbered. 
Within  the  last  of  these  concentric  ridges,  we  come  to  a  small  lake,  lying 
at  the  mouth  of  a  deep  caiion  which  runs  far  back  into  the  mountain  ;  and 
here  at  last  we  have  the  clew  to  the  mystery.  This  canon,  like  all  the 
othei  large  ones  of  this  range,  was  occupied  by  a  glacier,  whose  termi- 
nal moraines  now  hem  in  this  lake;  and,  though  the  old  river- valley 
Beems  to  have  been  not  fully  blocked  up  by  the  flow  of  silt  which  passed 
beyond  the  moraines,  so  that  its  general  features  are  still  plainly  marked, 
yet  it  is  evident  that  the  deposition  which  caused  its  bottom  to  slope 
from  west  to  east  so  much  as  we  now  find  it  to,  was  sufficient  to  con- 
siderably delay  the  wearing  down  of  this  channel.  The  canon  next  north 
of  this  was  also  occupied  by  a  glacier — a  moraine-dammed  pond  will 
probably  be  found  in  the  mouth  of  it — and  doubtless  its  dSbris  aided  in 
checking  the  erosion.  At  that  time,  the  flow  of  water  through  all  this 
r^ou  was  much  greater  than  at  present,  and  the  duplicating  of  chan- 
nels in  the  broad  bottom  was  far  from  being  uncommon.  If  a  channel 
bad  then  joined  the  eastern  streams,  though  only  as  a  bayou  in  time  of 
flood,  there  was  reason  for  its  being  ultimately  cut  down,  so  as  to  drain 
the  western  channel,  which  is  the  true  valley  of  the  Snake.  The  sum- 
mit of  the  highest  and  outermost  moraine  is  partly  covered  with  river- 
gravel,  as  if  the  stream  had  at  least  once  reached  this  height  after  the 
glacier  began  to  recede.  This  crest  is  122  feet  above  the  bottom  of  the 
adjoining  part  of  the  old  river-channel,  222  feet  al3ove'  the  present 
level  of  the  included  lake,  and  306  feet  above  Jackson's  Lake.  These 
and  other  levels  across  the  valley  were  taken  at  my  request  by  Mr.  Her- 
ing,  w.ho  has  furnished  the  data  for  the  accompanying  section  from  the 
lake,  across  the  old  channel  and  the  present  one  of  Snake  River,  to  the 
eastern  hilis.  The  length  of  the  section  is  so  great  that  it  became  necessary 
to  distort  it  by  increasing  the  elevations  considerably  beyond  their  pro- 
portional size.  (Fig.  51.)  We  have  called  this  lake^  which  is  about  two 
miles  long  by  a  half  mile  wide,  Leigh's  Lake,  after  our  guide,  Kichard 
Ldgh,  (Beaver  Dick.)  It  appears  to  be  mostly  shallow,  and  has  a  small 
island  near  its  center.  Can  it  be  possible  that  the  glacier,  which  was 
formed  by  the  flow  from  two  caiions  whose  junction  is  only  a  very  short 
distance  above  the  lake,  split  again  after  it  emerged,  so  as  to  leave  this 
island  uneroded  f  No  special  depression  of  the  moraines  opposite  the 
island  was  noticed;  but  examinations  just  at  that  point  were  not  care- 
fiilly  made.  On  the  other  hand,  if  we  pass  to  the  north  end  of  the  lake. 
we  find  a  fiat  divide,  not  5  feet  above  its  level,  and  less  than  a  hnndrea 
yards  across,  which  separates  it  from  a  large  beaver-pond,  whose  waters 
escape  through  two  or  three  other  ponds  and  marshes  to  the  head  of 
Jackson's  Lake.    A  very  trifling  cut  would  thus  give  the  lake  a  second 
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oatlet ;  and  it  appears  not  improbable  that  tbe  glacier  did  split,  as  sug- 
gested, during  at  least  a  part  of  its  existence,  and  flow  out  at  this  end  as 
well  as  at  the  southern  one.  These  waters  come  so  near  together  that, 
without  auy  connected  examinations,  and  without  recognition  of  the 

rise  of  144  feet  from  Jackson's  Lake 
to  Leigh's  Lake,  water-communication 
between  tbe  two  had  been  inferred 
and  reported;  and  Mr.  Adams  at- 
tempted to  find  a  passage  across  in 
his  canoe,  but,  failing  in  that,  was 
obliged  to  piake  the  long  Mtour  by  the 
true  outlet  of  Jackson's  Lake. 

About  a  mile  south  of  Leigh's  Lake, 
another,  of  about  the  same  size,  which 
we  have  called  Jennie's  Lake,  after 
Mrs.  Leigh,  lies  in  the  mouth  of  the 
Great  Caiion  of  the  T6ton  Kange. 
Passing  up  this  caiion  for  a  short  dis- 
tance, Mr.  Taggart  found  a  cluster  of 
falls  and  rapids  about  250  feet  high, 
with  lofty,  precipitous  walls  on  either 
hand,  which  prevent  ready  access  to 
the  upper  part  of  the  caiion,  which 
winds  around  to  the  western  side  of 
the  peaks,  where  its  lofty  walls  were 
seen  by  us  in  July.  This  caiion 
gathers  the  entire  drainage  of  the 
western  side  of  the  three  principal 
peaks,  so  long  known  as  the  Three 
T^toDS.  The  water  of  these  mountain- 
streams  is  so  pure  as  to  make  it  cer- 
tain that  not  the  least  glacial  erosion 
is  now  going  on  at  any  point  on  the 
range.  Though  many  schists  occnr 
in  the  mountains,  very  few  of  them 
have  contributed  to  the  terminal  mor- 
aines, nearly  everything  except  the 
granites  having  been  ground  or 
weathered  fine  during  the  downward 
passage.  The  moraines  about  Jennie's 
Lake  are  not  very  largely  developed ; 
possibly,  the  more  abundant  flow  of 
water  from  beneath  this  glacier,  con- 
sequent upon  the  greater  size  of  \t& 
basin,  washed  away  the  dSbris  from 
here  more  thoroughly  than  was  done 
elsewhere.  At  two  other  caiions,  far- 
ther south,  similar  lakes  occur.  The 
more  northern  of  the  two,  which  we 
have  called  Taggart's  Lake,  is  sur- 
rounded by  five  concentric  moraines, 
the  elevations  of  which  above  the  old 
river-channel,  which  passes  just  out- 
side of  them,  were  taken  by  Mr.  Tag- 
gart, as  follows :  The  outer  one,  162J 
feet;  second,  206  feet;  third,  271  feet; 
fourth,  316  feet;  filth,  422  feet.    The 
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present  level  of  the  included  lake  was  found  to  be  249  feet  above  datnm. 
The  last  of  this  series  of  lakes,  which  we  have  called  Phelps's  Lake, 
after  a  hunter  of  the  region,  who  had  seen  and  reported  it,  is  hemmed 
in  bj  three  moraines,  according  to  Mr.  Taggart^  the  outer  one  162  feet, 
the  second  244  feet,  and  the  third  287  feet  above  the  lake  itself,  there 
being  no  special  surface-feature  near  the  moraines  on  their  outer  side 
to  which  to  refer  these  levels,  as  to  a  recognizable  base.  In  this  last 
case,  the  cahon  forks  above,  and  the  two  arms  extend  in  opposite  direc- 
tions along  the  line  of  separation  between  the  granites  and  the  flanking 
limestones.  Each  of  the  two  glaciers,  therefore,  gathered,  from  the  rocks 
overhanging  it,  granites  on  one  side  and  limestones  on  the  other,  so 
that,  after  their  junction,  the  central  moraine  of  the  united  glacier  con- 
sisted of  limestone,  and  we  find  small  fragments  of  limestone  filling  the 
low  central  portion  of  the  terminal  moraine,  while  its  high  flanks,  which 
received  the  material  of  the  lateral  moraines,  are  composed  of  the 
granites,  which  are  less  easily  disintegrated,  and  are  therefore  mostly  in 
large  bowlders.  No  remnants  were  anywhere  seen  of  any  lateral  moraine 
deposits  along  the  courses  of  the  glaciers.  It  is  possible  that  such  may 
be  found  by  moi'e  careful  search,  but  the  slopes  are  here  so  steep  that 
most  of  their  lower  portions  are  buried  in  the  tumbling  rubbish,  so  that 
we  can  have  little  expectations  of  such  a  discovery  being  made. 

A  little  south  from  the  second  large  caiion  south  of  Mount  Hayden, 
the  limestones  come  forward  to  the  front  of  the  mountain,  above  the 
granites,  which  shortly  afterward  disappear  from  sight  altogether.  The 
length  of  the  exposure  of  the  granitic  nucleus  of  the  range  is  about 
thirty  miles. 

About  eight  miles  below  Leigh's  Lake,  its  outlet,  which  we  have  called 
Bast  TViton  Biver,  enters  the  Snake.  A  hundred  yards  back  from  the 
opposite  bank  stands  a  high,  rocky  butte,  known  as  North  Gros  Ventre 
Butte.  Its  northern  end  consists  mainly  of  Carboniferous  limestone, 
dipping  about  70^  N.  56^  E.,  and  containing  many  characteristic 
fossils.  Along  the  west  face  of  the  butte,  none  of  the  lower  rocks  are 
visible,  being  buried  under  the  Post-Tertiary  whitish  sandstones  and 
marls,  inclosing  fragments  of  limestone  and  chert,  but  no  fossils,  of 
which  all  the  southern  part  of  the  butte  is  composed ;  but,  near  the 
northeast  corner,  the  lower  part  of  the  series  of  older  limestones  presents 
the  conglomeratic  texture  so  characteristic  of  the  Quebec  Group,  on  the 
west  side  of  the  T^ton  Range  and  elsewhere,  and  it  is  probable  that 
they  represent  that  group,  though  no  fossils  could  be  found.  Beneath 
this  we  find  gray  quartzitic  sandstones,  which  are  probably  of  Potsdam 

age. 

This  batte  stands  near  the  middle  of  the  broad  basin  which  has  long 
been  known  by  the  barbarous  name  of  Jackson's  Hole.  This  has  a  length 
of  about  twenty  miles,  and  varies  from  five  to  ten  miles  in  width.  This 
includes  portions  of  the  different  terraces,  all  of  which  are  more  or  less 
covered  with  sage-brush.  Near  the  butte,  large  areas  of  the  sage  had 
been  burned  off,  and  the  grasses  had  grown  up  densely,  forming  fine 
pastnrage;  and  on  these  we  again  encountered  antelope,  which  had  not 
before  l^en  seen  by  us  since  we  entered  the  Upper  Madison  Canon.  It 
is  said  that,  during  the  winter,  when  the  grass  is  covered,  they  live  upon 
the  sage  itself.  This  plant  was  now  full  of  seeds,  and  the  innumerable 
little  chipmunks  which  burrow  in  the  plains  and  hills  were  busy  gather- 
ing them,  biting  off  the  long  spikes  and  stripping  them  from  end  to 
end,  passing  them  back  and  forth  through  the  mouth,  as  one  would  an 
ear  of  corn. 

The  pebbles  of  the  terrace-gravel  have  thus  far  been  mainly  quartzites. 
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and  still  continue  such  on  the  east  side  of  the  basin ;  bat,  nearer  .tiiie 
western  range,  considerable  proportions  of  granite  and  gneiss  pebbles 
are  now  mingled  with  them.  A  considerable  excitement  was  stin-ed  up, 
a  few  years  since,  by  reported  discoveries  of  placer  gold  in  large  quan- 
tities on  the  Upper  Snake,  and  many  prospectors  visited  this  region. 
A  small  hydraulic  operation  was  undertaken  near  this  point;  but  the 
gold  was  too  fine  and  in  too  small  quantities  to  pay,  and  the  whole 
region  was  entirely  abandoned  after  a  few  months.  The  coarse  gold, 
found  on  the  lower  part  of  the  Snake,  appears  to  hav^  entered  the  river 
below  the  canon,  which  is  still  to  the  southward  of  us. 

The  Gros  Ventre  Fork  emerges  from  the  eastern  bills  about  opposite 
the  North  Butte,  but  runs  off  down  the  valley,  some  eight  or  ten  uules, 
before  joining  the  Snake.  Passing  up  its  canon  for  a  short  distance,  the 
following  section  was  taken : 

1.  White,  friable,  false-bedded  sandstones,  10  feet 

2.  Covered  space,  about  100  feet. 

3.  Irregularly-bedded,  pale  gray  and  buff,  magnesian  limestones,  50 
to  60  feet. 

4.  Pale-red  friable  sandstones,  darker  and  shaly  below,  300  to  350 
feet. 

5.  Compact,  fine-grained,  gray  sandstone,  15  to  20  feet 

6.  Brown,  coarse,  friable,  false*  bedded  sandstone,  60  to  80  feet. 

7.  Coarse,  friable,  red  sandstone,  40  to  50  feet 

8.  Compact,  dark-drab,  fossiliierons  limestones,  300  to  400  feet 
Near  the  mouth  of  the  canon,  the  Carboniferous  limestones  of  No.  8 

form  the  walls,  capped,  as  we  ascend,  by  Nos.  7  and  6.  As  these  pass 
below  the  stream's  level.  No.  5,  which  forms  the  top  of  what  I  suppose 
to  be  Carboniferous,  commences  a  new  cliff,  and  is  covered  by  the 
Triassic  (9)  beds  of  No.  4,  which  form  prominent  red  bluffs  along  the 
stream  for  many  miles.  The  compact  to  vesicular,  variously-colored 
and  partly  bituminous  limestones  of  No.  3  showed  no  fossils,  and  I  am 
uncertain  whether  to  refer  them  to  the  Triassic  or  to  the  Jurassic,  but 
favor  the  latter  reference.  The  covered  space  of  No.  2  showed  nothing 
from  which  one  could  even  infer  the  character  of  the  buried  strata. 
The  friable  sandstones  of  No.  1,  which  cap  the  hills  for  some  miles,  are 
probably  late  Tertiary.  The  dips  of  their  false  bedding  imply  an  open 
sea  to  the  northward  during  their  deposition,  while  those  of  No.  6  face 
eastward  and  southeastward.  The  lower  beds,  which  should  make  their 
appearance  along  the  face  of  the  mountain  to  the  south  of  the  Gros 
Ventre,  are  so  much  covered  with  the  partially-cemented  Post-Tertiary 
sands  and  gravels  as  to  be  not  readily  recognized  from  the  plain,  and 
time  did  not  permit  a  closer  examination.  Judging  from  the  dips  of  the 
lowest  beds  seen,  I  should  expect  to  find  here  the  lowest  Silurian,  under- 
laid by  metamorphic  rocks,  forming  an  axis  which  may  connect  the 
T6ton8  with  the  Wind  River  Eange. 

Just  south  of  the  mouth  of  the  Gros  Ventre,  on  the  east  side  of  the 
Shake,  stands  a  cluster  of  buttes,  known  as  the  South  Gros  Ventre 
Buttes.  The  western  one  has  a  high,  broad  northern  face  of  red,  gray, 
black,  brown,  and  variegated  porphyritic  breccias,  including  much 
jasper,  but  partly  iK>rous,  loose-textured,  and  even  ashy.  The  beds  are 
much  distorted,  but  have  a  general  northwesterly  dip.  The  lower  end 
of  the  butteis  tapering,  long  and  low,  and  appears  to  consist  mostly  of 
Post-Tertiary  sands  and  gravels.  At  its  southern  extremity  it  rises 
quickly  into  a  sharp  butte,  composed  of  horizontal  beds  of  gray  lime- 
stone, unfossiliferous,  but  apparently  of  Carboniferous  age.  The  same 
beds  form  the  face  of  the  mountain  to  the  eastward.    Three  other 
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battes  lie  east  of  the  more  northern  part  of  this  one,  and  evidently 
originally  formed  one  with  it. 

Cniese  battes  greatly  narrow  the  plain,  which,  immediately  below 
them,  expands  into  Jackson's  Little  Hole,  whose  flats  are  mainly  apon 
the  east  side  of  the  river  and  measure  about  four  miles  wide  by  per- 
haps ten  miles  long.  Here,  also,  the  sage  has  been  burned  off  and  re- 
placed by  grass.  For  several  miles,  from  above  the  mouth  of  the  Gros 
Yentre,  the  river  has  gravelly  bottoms  from  half  a  mile  to  three-fourths 
of  a  mile  wide,  cat  up  by  the  several  channels  and  partly  occupied  by 
beaverdams.    Of  coarse,  fords  are  numerous. 

The  only  practicable  pass  across  the  T^ton  Bange,  so  far  as  known,  is 
about  opposite  to  these  South  Buttes;  and  our  main  party  left  the  river 
at  this  point.  Mr.  Taggart  reiK>rts  both  slopes  of  the  pass  tolerably 
regular  and  gentle,  except  for  a  short  distance  just  at  the  summit,  but 
that  the  eastern  is  somewhat  the  steeper.  The  Carboniferous  limestones, 
which  were  the  only  rocks  noticed  until  the  summit  was  passed,  are 
nearly  horizontal,  have  only  a  slight  soatherly  or  southeasterly  dip ;  but, 
in  descending  the  western  slope,  this  dip  increases  to  about  45^  •  and 
overlying,  red,  shaly  sandstones,  probably  of  Triassic  age,  appear  at  one 
point  on  the  trail,  while  limestones,apparently  those  previously  referred 
to  the  Upper  Silurian,  form  considerable  cliffs  or  spurs,  a  short  distance 
to  the  northward.  There  wonld  seem  to  be  considerable  displace- 
ment thereabout.  The  porphyries  of  Pierre's  Hole  appear  at  the  mouth 
of  the  pass,  at  the  elevation  of  about  7,000  feet,  and  form  all  the  foot-hills 
of  the  mountains  on  the  southwest  side  of  that  basin,  until  the  actual 
bottoms  of  the  Snake  are  approached,  where  the  basalt  appears.  The 
track  of  the  party  lay  so  far  out  in  the  basin  that  there  was  little  or  no 
opportunity  for  examining  the  character  of  anything  more  than  the 
foot-hills  of  the  western  mountains. 

At  the  lower  end  of  Jackson's  Little  Hole,  the  so-called  Grand  Canon 
of  the  Snake  commences.  The  river  turns  sharply  to  the  eastward  and 
cuts  through  the  laminated  sandstones  which  apparently  overlie  the 
Carboniferous  limestones.  Just  at  the  mouth  of  the  caiion,  the  upper 
terraces  close  in,  and  are  capped  by  bastioned  walls,  100  feet  or  more  in 
height,  of  a  pale-red  sandstone,  overlaid,  as  we  see  in  looking  back  from 
lower  down  the  canon,  after  this  turns  south  again,  by  heavy  beds  of 
dark-red,  shaly  sandstone,  apx>earing  like,  and  occupying  nearly  the 
relative  position  of,  the  Triaasic  (t)  on  the  Gros  Venti-e,  except  that, 
below  them,  there  come  in  several  hundred  feet  of  thick  and  thin  bedded 
and  shaly,  gray  and  green  sandstones,  with  interlaminated  calcareous 
shales.  These  contain  plant-remains,  but  so  thoroughly  comminuted 
thati  wasnot  able  to  find  a  single  recognizable  fragment.  At  the  angle  of 
the  canon,  these  dip  strongly  to  about  N.  78^  £.,  and  a  long  section  of 
them  is  exposed  on  the  east  side  of  the  stream ;  but  in  about  a  half  mile 
they  become  horizontal,  and,  again,  a  mile  lower,  at  the  mouth  of 
Hoback's  Biver,  dip  10°  to  about  S.  63o  W. 

Hoback's,  so  named  for  a  hunter  of  the  Pacific  Fur  Company  in  1812, 
by  Mr.  Wilson  G.  Hunt,  as  reported  in  Irving's  Astoria,  brings  in  a 
large  volume  of  water  from  the  eastward  and  plainly  drains  a  large 
area  upon  the  western  slope  of  the  Wind  Biver  Mountains.  Its  valley, 
though  narrow  near  its  mouth,  was  at  one  time  the  favorite  route  for 
the  Indians  in  crossing  to  the  Green  Biver  Yalley ;  but,  latterly,  they 
have  preferred  the  Gros  Yentre  route  for  some  reason.  The  red  beds 
hold  a  prominent  place  near  the  top  of  the  high  cliffs,  for  a  half  mile  or 
more  above  the  forks,  but  the  valley  is  too  winding  to  give  much  of  a 
view.    Just  below  here,  a  strong  creek  comes  in  from  the  west,  appar- 
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ently  draining  a  considerable  area  of  the  mountain.  It  approaches  the 
river  by  a  succession  of  cascades  over  successive  layers  of  the  sand- 
stones. As  we  descend  the  river,  these  beds  come  up  in  two  anticUnals, 
one  low  and  flat  and  the  second  mountainous,  with  dips  reaching  70^, 
and  coming  down  steeply  to  the  river  on  both  sides.  The  axis  of  the 
second  anticlinal  is  occupied  by  a  narrow  fold  of  limestone,  through 
which  escape  several  warm  springs.  A  small  cluster  of  these,  escaping 
among  the  gravel  in  the  edge  of  the  river,  on  the  south  side,  emit  an 
abundance  of  snlphureted  hydrogen.  Though  somewhat  mixed  with 
the  river-water,  they  gave  a  temperatnre  of  117o.  About  a  hundred 
yards  below  this,  a  group  of  calcareous  springs  has  built  up  a  dam  of 
tuff,  so  as  to  flood  several  acres  about  the  vents,  which  are  now  inacces- 
sible. The  general  flow  from  the  pool  gave  a  temperature  of  94P,  Just 
opposite  these  springs,  in  the  lower  part  of  the  sandstones,  as  they 
reappear  on  the  west  side  of  the  anticlinal,  there  are  exposures  of  two 
or  three  heavy  beds  of  black,  calcareous  shale  and  friable  clay,  with 
some  harder  bituminous  mud-stones,  which  a])pear,  from  short  distances, 
precisely  like  coal  outcrops.  Fragments  of  teeth  and  bones,  probably 
belonging  to  amphibians,  occur  in  these  layers.  Above  them  there  are 
some  thick  beds  of  chert. 

Here  the  river  turns  south  again,  and  runs  for  about  two  miles  along 
the  west  side  of  the  anticlinal,  with  sharp  slopes  on  either  banks.  Turn- 
ing west  again,  we  cross  three  anticlinals,  in  the  third  of  which  consid- 
erable displacement  has  taken  place,  so  that  the  Carboniferous  comes 
boldly  up,  and,  after  this,  forms  the  mass  of  the  monntiibin  clear  through 
the  canon.  The  lower  portion  of  these  beds  consists  largely  of  sand- 
stones and  shales,  though  including  heavy  beds  of  limestone ;  higher 
up,  the  limestones  form  a  heavy  mass  for  several  hundred  feet,  partly 
compact,  partly  fragmentary,  overlaid  finally  by  more  shaly  beds, 
making  a  total  thickness  of  2,000  feet  or  more.  A  few  fossils  of  the 
genera  Spirifer,  Macrocheilus,  and  Zaphrentis  were  seen  in  the  debris. 
The  lower  layers  weather  to  nearly  white,  while  the  upper  ones  are 
strongly  buff.  All  through  this  series,  the  caiion  is  narrow,  with  steep, 
often  perpendicular,  slopes  and  hardly  any  bottoms.  The  river  mainly 
occupies  a  deep  channel,  with  a  broad  shelf  of  rock  on  one  or  both 
sides,  which  is  barely  covered  at  this  season.  Grossing  would  be  impos- 
sible without  swimming  the  stock.  Many  of  the  steep  slopes  are  covered 
with  spruces,  and  their  angular  tops,  lapping  over  each  other,  on  the 
opposite  side  of  the  caiion,  give  the  effect  of  diamond-slating  on  a  roof, 
though  with  the  angles  reversed.  Upon  these  limestones  we  begin  to 
find  again  great  numbers  of  the  small  maples  seen  farther  south.  These 
are  said  by  the  hunters  to  be  somewhat  on  the  increase  in  this  region. 

About  ten  miles  through  these  limestones  bring  us  to  the  mouth  of 
the  canon.  Through  much  of  its  upper  course  the  stream  is  quite  rapid, 
and  almost  deserves  the  name,  Mad  River,  applied  to  this  part  of  it  by 
the  early  trappers ;  but  there  is  little  that  would  have  proved  trouble- 
some to  experienced  voyageurs,  and  probably  none  that  would  prove 
really  dangerous.    (See  Irving's  Astoria,  chapter  xxxi.) 

The  terraces,  though  only  fragmentary  through  the  canon,  now  spread 
out  into  broad  sage-covered  flats  on  either  side  of  the  river,  and  the 
higher  slopes  become  much  more  rounded.  Just  at  the  mouth  of  the 
caiiou,  John  Gray's  River,  which  heads  far  to  the  south,  on  the  divide 
toward  Bear  River,  comes  from  the  southeast,  through  the  same  mountain- 
mass,  and  with  apparently  just  such  a  canon  as  the  one  we  have  just 
left.    At  Its  mouth,  a  heavy  mass  of  cemented  bedded  gravel  shows 
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down- Stream  dips  of  17°,  apparently  implying  great  rapidity  of  current 
over  a  rapid  into  a  deep  pool  at  some  former  period. 

About  two  miles  below,  Salt  River  also  enters  the  Snake,  tbrongh  a 
broad-terraced  valley,  which  looks  as  if  it  were  really  the  continuation 
of  the  lower  valley  of  the  Snake.  But  for  misinformation  as  to  dis- 
tances, we  should  have  explored  this  valley  up  to  the  salt-works  before 
descendiug  the  Snake.  It  seems  to  afford  an  easy  passage  through  a 
valuable  region.  The  canon  through  which  we  had  just  come,  though 
ha\ing  a  reputation  for  very  difficult  traveliug,  was  passed  by  us  with 
ease,  and  n^Fdly  presents  but  very  slight  obstacles  to  building  a  railroad, 
if  one  were  desired  from  this  point  to  Yellowstone  Lake  or  beyond,  or 
merely  to  give  convenient  access  to  the  rich  basins  of  Jackson's  Hole 
and  Little  Hole.  Furthermore,  a  road,  reaching  this  point  from  either 
the  lower  or  the  upper  Bear  Biver  Valley,  would  have  then  the  alterna- 
tion of  passing  down  the  Snake  with  easy  grades  to  the  east  side  of  the 
valley  of  Henry's  Fork,  with  the  advantage  of  crossing  the  river  where 
its  channel  is  narrow  and  its  banks  far  above  any  floods. 

The  Snake  here  turns  sharply  northward  into  the  continuation  of  the 
valley  of  Salt  Biver,  with  high  mountains  of  Carboniferous  limestones 
on  the  east,  showing  some  castellated  walls,  and  lower  and  more 
rounded  ones  on  the  west.  Two  or  three  miles  below  the  mouth  of  Salt 
Biver,  a  small  stream  from  the  west  was  thick  with  mud  from  the 
Caribou  gold- washings. 

The  valley  is  here  located  by  an  anticlinal  fold ;  and  the  nearly  ver- 
tical limestones  of  its  axis  are  finely  exposed  along  the  foot  of  the  west- 
ern hills.  Here,  also,  is  located  a  cluster  of  warm  springs,  making  cal- 
careous, sulphurous,  and  saline  deposits.  The  largest  spring,  the 
Wash-tab,  Las  built  up  a  flaring  table,  1  foot  high,  of  an  oval  form, 
meaaariDg  about  4^  by  7^  feet,  upon  a  mound  consisting  of  calcareous 
mud,  scarcely  solidified,  ot  from  5  to  7  feet  above  the  creek-bottom  in 
which  it  stands.  The  central  table  has  contracted  so  as  to  crack  across 
diagonally,  and  the  flow  now  escapes  at  its  western  base,  depositing  a 
fine  mud  tinged  in  the  full  pools  with  a  faint  sulphur-yellow,  but  pure 
white  in  the  dry  ones.  These  pools  cover  the  mound  in  descending 
steps  of  great  beauty.  The  present  flow  is  southward,  though  it  has 
been  on  all  sides  in  succession.  The  deposit  on  the  surface  of  the 
mound  is  still  very  soft,  and  showed  at  the  time  of  our  visit  (October  6) 
the  tracks  of  a  small  bear,  who  had  recently  investigated  the  wonders 
of  the  mound,  even  setting  his  foot  on  the  central  table.  One  mound, 
no  longer  active,  is  5  feet  high,  with  a  circular  base  of  about  5  feet 
diameter  and  an  oval  summit  of  about  1  foot  by  6  inches.  Many  small 
springs  escape  along  the  bank  for  a  hundred  yards  or  more.  The 
deposits  vary  greatly  in  color.  At  some  points,  the  odors  of  sulphurous 
acid  and  of  sulphureted  hydrogen  were  quite  noticeable.  The  older 
deposits  have  built  up  a  bank  10  feet  high,  along  the  base  of  the  terrace ; 
and  the  beavers  have  taken  possession  and  have  dammed  up  on  it  the 
waters  of  the  cold  springs  which  flow  from  the  second  terrace  at  short 
intervals  along  this  plain.  On  the  opposite  shore,  two  considerable 
springs  have  built  up  their  deposits  against  the  foot  of  the  mountain, 
one  of  which  appears  to  be  nearly  dead.  The  highest  temperature 
observed  here  was  144©.  The  Wash-tub  gave  142^  and  others  142°, 
140O,  90O,  880,  &c. 

The  deep  channel,  seen  through  all  the  lower  part  of  the  caiion,  con- 
tinues for  several  miles  down  the  valley,  and  fords  are  at  all  points 
much  rarer  than  in  the  upper  valley.  The  stream  is  narrower  on  the 
average,  and  the  amount  of  water  has  been  much  increased. 
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As  the  valley  turns  westward,  it  becomes  somewhat  narrower;  and 
laminated  porphyritic  trachytes  appear  on  the  northeastern  side,  at  first 
capping  the  spurs  like  isolated  forts,  and  then  forming,  as  it  were,  a  row 
of  casemates  just  below  the  crests  of  the  hills.  At  two  points  this  rock 
descends  nearly  to  the  water's  edge;  but  the  valley  soon  opens  .out 
again,  with  brcmd  bottoms  on  the  east  for  several  miles,  to  opposite  the 
mouth  of  Fall  Greek,  where  basalt  appears  upon  the  eastern  side  as  it 
had  done  on  the  western  some  miles  higher  up.  The  upper  part  of  this 
valley-flat  is  covered  with  sage-brush,  but  the  lower  half  is  full  of  the 
richest  of  pasturage,  except  only  such  portions  as  are  occupied  by 
beaver-dams  and  bayous.  Along  these  water-courses,  large  thickets  of 
black-haws  were  most  thickly  covered  with  ripe  fruit,  but  the  crop  of 
service-berries  was  almost  an  entire  failure  in  all  this  region.  At  sev- 
eral points  we  noticed  the  abundant  rose-bushes  covered  with  hips, 
which  were  so  soft  when  ripe  as  to  have  the  translucent  appearance  of 
berries  and  to  be  very  pleasant  eating.  This  did  not  appear  to  be  a 
specific  character,  but  was  probably  conseqaent  upon  the  shortness  of 
the  season,  which,  after  the  fruit  is  well  developed,  prevents  the  secre- 
tion of  the  large  amount  of  woody  fiber  which  elsewhere  commonly 
forms  so  hard  a  covering  to  the  rose-hips.  All  through  the  caOon,  as 
well  OS  along  this  lower  valley,  we  noticed  innumerable  young  plants  of 
the  lapines,  which  abound  in  this  region,  prepared  to  make  vigorous 
growth  as  soon  as  the  short  summer  opens. 

Fall  Greek  heads  some  miles  to  the  southward,  in  John  Gray's  Lake, 
near  the  Garibou  mines,  and  here  leaps  into  the  river  over  av  terrace  of 
baaalt  perhaps  30  Ifeet  high,  forming  a  very  pretty  fall,  which  has  given 
the  local  name  to  the  stream.  A  shott  distance  below,  we  fordc^d  with 
difficulty,  the  water  coming  over  our  saddles.  From  this  point  the 
basalt  lines  both  sides  of  the  river,  with  very  slight  exceptions,  to  the 
Great  Snake  Biver  Basin,  and,  according  to  report,  to  the  Golumbia. 
About  four  miles  below  Fall  Biver,  these  basalt-walls  close  in  the  river's 
edge  and  form  the  lower  caiion.  At  this  point,  two  distinct  beds  of 
basalt  appear,  separated  and  underlaid  by  beds  of  river-sand,  partly 
loose  and  nearly  white,  partly  dark  greenish  and  rusty  brown,  and  con- 
siderably cemented  with  iron.  These  sands  include  great  numbers  of 
pebbles  of  basalt  partly  rounded.  At  one  point,  the  lower  bed  of  basalt 
slopes  eastward  at  an  angle  of  about  15^,  indicating  a  probabfe  source 
of  flow  situated  in  the  mountains  to  the  south  westward,  though  possibly 
due  rather  to  upheaval.  At  another  point,  the  basalt  is  curved  above 
beds  of  sand  and  gravel  having  a  curved  surface,  which  plainly  formed 
a  bar  in  the  old  river-bed.  These  deposits  spread  up  against  the  edges 
of  limestones  and  sandstones  of  the  mountains  on  either  side. 

At  the  base  of  the  mountain  on  the  southwest  side  of  the  valley,  just 
above  the  head  of  this  lower  caiion,  calcareous  deposits,  from  now  extinct 
springs,  form  a  heavy  mass,  reaching  about  100  feet  up  the  mountain 
side.  A  small  butte,  nearly  separated  from  the  mountain  behind, 
divides  from  the  main  valley  the  basin  of  a  small  stream  which  goes  by 
the  name  of  Swan  Valley.  The  base  of  these  western  mountains  is  com- 
posed of  gray  quartzites,  followed  by  coarse  and  fine  white  sandstones, 
and  a  very  fine-grained  white  dolomitic  limestone,  all  of  uncertain  age, 
though  older  than  the  overlying  limestones,  which  contain  a  few  Gar- 
boniferous  fossils.  The  dips  are  sharp  to  the  southwest,  and  the  wash 
of  the  stream  brings  down  fragments  of  red  sandstone,  which  indicate 
that  the  higher  beds  here  occupy  their  regular  position. 

The  lower  caiion  is  walled  with  basalt  for  from  200  to  400  feet,  in 
many  places  perpendiculariy,  though  elsewhere  the  slopes  are  more  mod- 
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erate.  On  the  apper  slopes,  west  of  the  broad  plain  which  borders  the 
top  of  these  cliffs,  there  are  two  other  beds  of  basalt  and  one  of  por- 
I^yritic  trachyte,  separated  by  only  thin  beds  of  ^aud  and  gravel,  which 
reach  to  the  top  of  the  soathern  hills,  about  6,700  feet  above  the  sea. 
The  caiion  bends  northward  to  the  base  of  the  northern  mountains,  and 
there  winds  for  some  fifteen  or  twenty  miles  before  opening  gradually 
to  the  broad  plain  of  the  Great  Basin  of  the  Snake  Eiver. 

As  we  had  descended  from  the  mouth  of  Salt  Eiver,  the  timber  had 
gradually  disappeared  from  the  hills,  until  we  now  found  only  the  scat- 
tered groves  of  small  cottonwoods  which  mark  the  hollows  where  the 
s^now  £es  late,  or  mingle  With  the  willows  along  the  banks  of  the  few 
small  streams  which  escape  from  the  hills  into  the  sage-covered  plain. 
From  near  the  mouth  of  the  canon,  a  belt  of  cedars  runs  along  the  course 
of  a  high-water  bayou  on  the  south  side  of  the  river  and  forms  a  cim- 
spicnoas  feature  of  the  otherwise  featureless  plain  for  many  miles. 

Some  three  or  four  miles  below  the  mouth  of  this  last  canon,  a  small 
hot  spring,  4  or  5  feet  across,  stands  on  the  north  bank  of  the  river, 
about  20  feet  above  the  bottom.  This  was  not  visited  by  any  of  our 
party,  but  was  reported  by  our  guide  to  be  too  hot  for  one  to  hold  his 
hand  in  it  for  more  than  a  half  minute.  White  spring-deposits  were 
seen,  from  a  distance,  at  several  points  on  the  north  bank,  but  there  is 
believed  to  be  no  flow  at  these  points  at  the  present  time. 

Joining  the  main  party  here  on  the  evening  of  October  8,  we  passed 
over  the  sage-plain  described  in  the  record  of  our  outward  trip,  crossed 
Willow,  Sand,  and  Blackfoot  Creeks,  and  reached  Fort  Hall  on  the  11th. 
The  facts  observed  during  that  time,  and  during  the  f jllowing  twelve 
days,  while  we  awaited  Dr.  Hayden's  arrival  to  pay  oft'  and  discharge 
the  party,  have  bet^u  incorporated  in  the  earlier  part  of  this  report. 
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Deab  Sib  :  Herewith  I  present  a  partial  report  of  the  results  of  my 
explorations  of  the  year  1872  in  Minnesota,  Dakota,  and  Nebraska. 

The  time  employed  in  preparing  another  report  (which  has  already 
l)een  sabmitted)  and  a  temporary  separation  from  the  survey  have  pre- 
Teoted  me  from  preparing  and  submitting  at  this  time  a  full  and  com- 
plete report  in  regard  to  the  agricultnral  resources  of  the  very  interest- 
ing region  visited  by  me.  I  have,  therefore,  thought  it  best  that  I  should 
prepare  at  present  but  a  preliminary  report,  elaborating  one  or  two 
points  only  which  bear  upon  the  agricultural  resources  of  this  section, 
and  which  I  might  mal^e  somewhat  complete  in  time  for  publication 
the  present  season.  Another  important  reason  for  this  course,  aside 
from  the  want  of  time,  was  that,  having  entered  npon  the  discussion  of 
the  chmatology  of  this  region,  as  exhibited  by  the  meteorological  records, 
it  became  evident  that  important  and  valuable  results  might  be  obtained 
by  a  more  full  and  complete  discussion  of  all  the  records  of  that  portion 
of  the  West  situated  between  the  Mississippi  River  and  the  Sierra  Nevada 
Moantaius.  But  to  do  this  required  more  time  than  remained  previous 
to  the  publication  of  yoqr  annual  report  for  the  year  1872.  It  also 
required  the  preparation  and  printing  of  certain  charts,  which  could  not 
be  properly  done  in  time.  Therefore,  with  your  consent,  I  determined 
to  devote  a  portion  of  the  present  season  to  the  preparation  of  a  special 
report  on  the  climatology  of  the  West.  For  this  reason  much  of  the 
material  I  had  already  prepared  does  not  appear  in  this  report. 

These  explanations  will  suffice  to  account  for  the  meagerness  of  the 
report  herewith  submitted,  although  the  material  obtained  was  equal  in 
amount  and  importance  to  that  of  any  former  year  of  my  connection 
with  the  survey. 

In  my  introductory  remarks  I  give  an  outline  of  what  the  full  report 
may  be  expected  to  contain.  At  present  I  have  confined  myself  chiefly 
to  a  discussion  of  the  physical  geogi*aphy  and  topography  of  that  por- 
tion of  the  Northwest  visited  during  the  summer  of  1872. 

As  in  our  former  visits  to  the.  West,  I  have  met  with  the  kindest 
treatment  at  every  point  and  on  the  part  of  all  with  whom  my  duties 
brought  me  in  contact.  The  railroad  and  stage  companies  in  Minne- 
sota, Nebraska,  Dakota,  and  Kansas  have,  in  every  instance  where  I 
stated  my  business  and  my  connection  with  your  survey,  granted  me 
passes  over  their  lines,  thereby  greatly  lessening  my  expenses,  and 
enabling  me  with  the  means  at  my  command  to  extend  my  examina- 
tions over  a  much  larger  area  than  I  could  otherwise  have  done. 

It  is,  perhaps,  proper  that  I  should  mention  by  name  those  companies 
from  which  I  have  received  these  favors.  The  railway  companies  were : 
Northern  Pacific,  Saint  Paul  and  Pacific,  Saint  Paul  and  Sioux  City, 
Illinois  Central,  Union  Pacific,  Burlington  and  Missouri  Biver,  and  Kan- 
sas Pacific.  I  also  received  a  pass  from  Mr.  Blakesly  over  all  the  stage- 
lines  he  represented  ,in  Minnesota,  and  from  Messrs.  Haskell  &  Cheney 
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over  their  line  from  Sioux  City  to  Yankton.  I  am  especially  indebted 
to  Governor  Burbank.  General  McCook,  General  Beadle,  and  others,  of 
Southern  Dakota ;  Colonel  Stutsman,  of  Pembina;  General  H.  Thomas, 
Colonel  J.  C.  Bates,  Dr.  Dubose,  Mr.  Skinner,  and  others,  for  their  as- 
sistance and  for  information  famished  by  them. 

As  a  summary  of  results,  I  may  state  that,  although  in  some  respects 
the  portion  of  our  country  visited  did  not  meet  entirely  my  expecta- 
tions, founded  on  the  exaggerated  and  glowing  descriptions  of  specula- 
tors and  others  interested,  yet  it  presents  a  bread-producing  area 
equaled  by  but  few  and  surpassed  by  none  on  the  continent.  Its  capac- 
ity as  a  wheat-growing  section  is  immense ;  so  great,  in  fact,  that  the 
figures  stagger  our  belief  when  first  presented.  As  a  beef-producing 
section  its  resources  are  great,  the  grazing  excellent  throughout  the 
entire  area. 

The  fact  of  its  great  capacity  in  reference  to  these  two  articles  renders 
its  development  of  great  national  importance.       . 

Trusting  that  my  action  may  meet  with  your  approval  and  that  this 
report  may  be  satisfactory,  I  remain,  yours,  very  respectfully, 

OYBUS  THOMAS. 

Professor  F.  V.  Hatden. 


INTRODUCTORY  REMARKS. 


The  chief  object  of  my  explorations  during  the  past  season  was  to 
examine  into  and  report  npon  the  agricnltnral  resources  of  Dakota  Ter- 
ritory ;  yet  it  was  expected  that  I  wonld  at  the  same  time  extend  my 
observations  to  the  immediately  snrronnding  xK>rtions  of  the  Northwest 
similar  in  character  and  which  might  have  any  bearing  upon  the  devel- 
opment of  the  resources  of  Dakota. 

A  slight  examination  of  this  section,  added  to  the  previous  knowledge 
I  had  obtained  in  regard  to  it,  sufficed  to  convince  me  that,  to  thoroughly 
QDderstand  its  agricultaral  resources,  it  was  imx>ortant  to  investigate 
the  climatology  and  physical  geography  of  the  great  prairie-belt  lying 
along  the  eastern  margin  of  the  great  trans-Mississippi  plains. 

Here,  running  north  and  south,  is  found  the  dividing  line  between 
two  regions  and  climates  as  different  from  each  other  as  that  of  Europe 
from  that  of  Asia ;  herej  in  fact,  in  an  agricultural,  climatological,  and 
physical  point  of  view,  is  the  real  dividing  line  between  the  eastern  and 
western  portions  of  the  continent.  We  have  long  looked  upon  the 
great  Socky  Mountain  Range  as  the  dividing  line  of  the  continent,  and, 
so  far  as  the  flow  of  water  is  concerned,  this  is  so  i  but  the  more  this 
region  is  examined  the  more  apparent  does  it  become  that  in  other  re- 
spects this  is  far  from  being  the  rule.  The  chief  dividing  line  between 
the  two  great  continental  climatic  areas  stretches  north  and  south  along 
the  broi^  undulating  plains  of  Kansas,  Nebraska,  Dakota,  &c.,  and 
corresponds  very  nearly  with  the  one  hundredth  meridian.  Here,  too, 
is  the  dividing  line  between  great  agricultural,  fannal,  and  floral  areas. 

In  regard  to  climatology  several  important  questions  arise,  two  of 
which  deserve  special  attention,  and  which,  if  possible,  should  receive 
at  least  approximately  correct  answers.  The  first  relates  to  the  isother- 
mal lines  through  Wisconsin,  Minnesota,  and  Dakota,  especially  the 
lines  of  mean  summer  temperature.  This  is  the  more  necessary  from 
the  fact  that  Mr.  Blodgett,in  his  work  on  meteorology,  has  assumed  that 
the  mean  lines  of  summer  temperature  make  a  *rapid  bend  northward 
after  passing  west  of  Lake  Michigan ;  and  this  statement  has  been  used 
largely  in  the  efforts  to  induce  emigration  t#  that  portion  of  the  North- 
west If  it  is  true  that  this  remarkable  flexure  does  occur  here,  it  must, 
as  a  matter  of  course,  have  an  important  bearing  upon  our  estimate  of 
the  agricultural  resources  of  this  extensive  region.  I  have,  therefore, 
inade  it  a  special  object  to  test  the  correctness  of  this  assumption  by 
all  available  data,  which  have  been  considerably  increased  since  the 
date  to  which  Mr.  Blodgett's  calculations  extend.  Without  intending 
to  forestall  my  investigations  on  this  point,  I  tnay  state  that,  while  it  is 
trae  a  very  remarkable  flexure  in  the  isothermal  lines  does  occur  here, 
yet  the  investigations  I  have  made  indicate  that  it  is  much  less  than  Mr. 
Blodgett  represents  it  to  be. 

The  second  climatological  question  relates  to  the  rain-fall.  It  is  well 
known  that  on  the  east  side  of  the  plains,  as  in  Minnesota,  Iowa,  Mis- 
aoori,  and  Arkansas,  the  average  annual  rain-fall  is  sufficient  to  supply 
the  moisture  necessary  for  the  production  of  the  cereals  and  other  agri- 
CQltnral  products.  On  the  other  hand,  it  is  almost  as  well  known  that 
irrigation  is  necessary  at  all  points  on  the  plains  lying  along  the  east 
base  of  ibe  Boeky  Mountains.    Therefore,  it  is  evident  that  th«  boundary 
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between  these  two  regions — that  of  sufficient  and  that  of  insnfficient 
rain — must  be  found  somewhere  between  the  east  base  of  the  Rocky 
Mountains  and  the  west  line  of  the  States  last  named.  It  becomes, 
therefore,  very  important  to  determine  where  this  line  is.  It  is  true 
that  the  transition  may  be  gradual  and  render  it  difficult  to  fix  it  with 
any  great  degree  of  exactitude,  yet  it  must  be  possible  to  determine  it 
approximately.  The  importance  of  this  will  scarcely  be  appreciated  by 
those  who  have  not  come  practically  in  contact  with  the  question  ;  but 
the  individual  who  has  gone  beyond  this  line  and  opened  a  farm  upon 
tbe  broad  prairie,  depending  upon  the  rain-fall  ulone  to  supply  his  crops, 
has  learned  by  sad  experience  that  knowledge  which  otight  to  be  sup- 
plied to  the  public.  But  land-speculators  and  others,  who  are  interested 
in  settling  up  this  portion  of  the  West,  are  often  too  sanguine  in  their 
belief  in  regard  to  favorable  climatic  changes,  or  are  regardless  of  the 
sufiferiugs  and  hardships  they  cause  by  a  too  favorable  representation 
of  the  climate  of  this  uncertain  section.  I  dislike  to  make  such  state- 
ments, but  I  deem  it  a  duty  to  speak  plainly  on  this  point.  There  is  no 
necessity  for  any  misrepresentations  in  regard  to  this  part  of  the  West; 
the  facta  are  sufficiently  favorable  5  and  if  these,  and  these  only,  are  pre- 
sented, in  the  end  the  result  will  be  better  for  the  country  and  even  for 
the  particular  section.  I  have,  therefore,  made  this  matter  the  subject 
of  special  investigation,  but  in  this  report  will  only  give  a  short  sum- 
mary of  the  facts,  as  I  expect  hereafter  to  present  the  whole  subject  of 
the  climate  of  the  West  in  a  special  report. 

Although  the  topography  of  the  country  presents  great  uniformity 
in  character,  the  general  level  being  interrupted  by  no  elevated  peaks 
er  extensive  mountain-ranges,  yet  the  physical  geography  is  not  devoid 
of  interesting  and  important  features,  as  within  the  bounds  of  the  region 
under  consideration  are  the  initial  points  of  three  of  the  most  import- 
ant water-basins  on  the  east  side  of  the  continent. 

As  the  surface-soil  also  presents  great  uniformity  in  character,  another 
important  item  to  be  examined  was  the  nature  of  the  subsoil ;  but  as 
this  has  been  penetrated  at  comparatively  few  points  in  the  newly- 
settled  or  unsettled  portions,  the  data  obtained  was  necessarily  meager; 
yet  sufficient  has  been  ascertained  to  show  that  it  varies  much  more  in 
the  different  sections  than  the  surface-soil.  I  do  not  allude  so  much  to 
its  chemical  ingredients  as  to  its  productive  qualities. 

Although  a  knowledge  of  the  present  condition  of  climate,  soil,  and 
topography  is  sufficient  to  determine  the  agricultural  value,  yet  there 
are  some  questions  relating  to  the  physical  conditions  which  are  so 
intimately  connected  with  these  practical  points  that  a  full  and  ex- 
haustive report  should  embrace  them.  I  allude  particularly  to  the  last 
geological  changes  which  have  resulted  in  the  present  condition  of  the 
surface  and  climate.  I  include  '' climate"  because  1  am  thoroughly 
convinced,  after  studying  this  subject  for  several  years,  that,  so  far  as 
the  amount  of  moisture  is  concerned,  the  present  condition  has  resulted, 
in  part  at  least,  from  the  effect  of  the  last  geological  change  that  took 
place  in  the  surface.  But,  unfortunately,  my  knowledge  of  geology  is 
not  sufficient  to  discuss  this  question  properly,  even  if  I  had  all  the  data 
necessary  to  do  so,  and  the  geological  surveys  which  have  been  made 
of  this  section  have  not  been  directed  particularly  to  the  surface- features. 
It  is  true  that  Professor  Hayden,  in  his  very  interesting  rSsum^ 
(Chapter  XII)  of  his  report  of  1870,  touches  upon  this  subject,  alluding 
to  its  importance  and  expressing  the  desire  to  return  to  its  investigation 
at  some  future  time.  It  is  to  be  hoped  that  he  may  be  permitted  to 
carry  out  this  desire  at  an  early  day,  as  there  is  no  one  who  more  highly 
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appreciates  the  value  of  the  surface-geology  of  this  section,  in  which 
he  spent  so  many  of  the  early  days  of  his  explorations,  than  he  does. 
Professor  Winchell,  in  his  first  annual  report  of  the  Geological  and 
Natural  History  Survey  of  Minnesota^  has  devoted  a  short  chapter  to 
this  suhjeet  so  far  as  it  relates  to  that  State.  Owen,  in  his  Report  on 
the  Geology  of  Wisconsin,  Minnesota,  and  Iowa,  mentions  numerous 
important  facts  bearing  upon  this  subject,  but  does  not  discuss  it 
specially.  But  no  one,  so  far  as  I  am  aware,  has  as  yet  discussed  the 
relation  of  the  last  geological  change  in  this  section  to  its  present 
climatic  condition.  This,  therefore,  still  remains  an  open  field  for 
inquiry  and  investigation. 

The  valleys  of  the  rivers,  the  weathering  of  the  bluffs  and  terraces, 
the  dry  coulees^  as  well  as  tbe  vast  amount  of  local  drift  near  the  base 
of  the  Rocky  Mountains,  show  beyond  a  doubt  that,  at  some  very  recent 
period  in  a  geological  sense,  the  amount  of  water  which  fell  was  much 
greater  than  at  present.  I  allude  not  to  the  remote  period,  when  it  was 
sabmerged,  but  to  a  period  since  the  waters  receded,  for  it  requires  no 
geological  eye  to  detect  these  evidences  and  to  determine  that  they 
relate  to  a  time  long  subsequent  to  the  last  emergence,  hence  attribut- 
able to  rain  and  snow. 

It  is  therefore  evident  that  between  that  time  and  the  present  a  great 
change  has  taken  place  in  the  climate  in  regard  to  humidity;  that  it  is 
mnch  less  now  in  the  western  portions  of  Dakota,  Nebraska,  and  Kansas 
than  it  was  in  the  past.  This  question  then  arises:  Has  the  change  in 
this  direction  ceased  f  If  not,  then  we  are  forced  to  the  conclusion 
that  this  section  is  still  growing  drier.  If  it  is  true — and  I  think  it  will 
scarcely  be  .denied  by  any  who  have  directed  their  attention  to  the  sub- 
ject— ^that  such  has  been  the  direction  of  the  climatic  changes  in  the 
past,  one  of  two  conclusions  is  inevitable,  viz,  that  there  are  no  grounds 
for  expecting  a  more  favorable  climate  (in  regard  to  humidity)  in  the 
fature,  •r  that  the  change  in  the  direction  indicated  has '^ ceased,  and 
consequently  a  reaction  must  take  place.  On  this  imi)ortant  point  I 
have  collected  some  data  which  I  expect  to  present  in  my  meteorological 
report. 

As  the  immense  belt  under  consideration  is  one  almost  continuous 
prairie,  devoid  of  forests,  which  must  be  devoted  almost  wholly  to  farm- 
ing and  pastoral  pursuits,  it  is  apparent  that  its  future  development 
depends  to  a  great  degree  upon  the  means  of  transporting  its  products 
to  market  and  of  reaching  the  forests  of  the  States  lying  east  of  it.  It 
is  therefore  very  desirable,  in  this  connection,  to  obtain  some  idea  of  the 
extent  and  character  of  the  forests  and  the  extent  and  direction  of  the 
constructed  and  contemplated  railroad-lines. 

Although  I  have  not  made  the  former  a  special  object  of  inquiry  and 
investigation,  yet  suf&cient  information  in  regard  thereto  has  been 
obtained  upon  which  to  found  a  conclusion  in  regard  to  the  adequacy  of 
the  supply  of  lumber  for  the  next  generation.  To  examine  the  immense 
f(Mrests  of  Minnesota  and  Wisconsin  in  person,  with  sufficient  thorough- 
ness to  determine  their  character,  would  require  several  years;  but, 
fortunately,  these  States  have  for  several  years  been  gathering  statistics 
concerning  them,  which  are  accessible,  and  of  which  I  shall  avail  myself 
in  this  or  a  future  report  so  far  as  I  deem  it  necessary  to  do  so. 

Any  report  relating  to  the  present  extent  of  the  railroads  would  be  of 
but  temporary  value,  as  the  various  lines  are  being  so  rapidly  extended, 
and  new  ones  being  formed  in  such  rapid  succession,  that  what  is  true 
to-day  will  fall  far  short  of  being  true  a  few  years  hence. 

A  very  important  question,  and  one  of  national  interest,  arise-s  in  con- 
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nection  with  this  subject.  What  is,  or  is  likely  to  be,  the  effect  apon  the 
indastries  and  development  of  this  portion  of  the  country  of  land-grants 
to  railroads  by  Congress  f  This  has  assumed  such  vast  proportions  that 
it  behooves  the  statesmen  of  our  nation  to  examine  the  subject  with 
great  care,  and  not  be  led  away  by  the  simple  and  conceded  fact  that 
these  grants  hasten  the  settlement  of  the  section  of  country  in  which 
they  are  made. 

This  is  a  matter  which  already  agitates  the  public  mind;  and  in  no 
part  of  the  country  have  we  a  better  opportunity  of  studying  its  effects 
than  in  the  Northwest,  where  the  grants  have  been  most  numerous  and 
extensive. 

When  the  public  mind  becomes  aroused  in  relation  to  a  given  subject, 
and  a  tendency  to  reaction  becomes  manifest,  politicians  are  apt  to  seize 
upon  the  opportunity  of  riding  into  position  upon  the  current  of  opin- 
ion, and,  instead  of  striving  to  lead  it  to  a  correct  conclusion,  strive  to 
carry  it  to  the  other  extreme,  and  often  thereby  cripple  national  indus- 
tries instead  of  correcting  abuses.  It  is  proper,  therefore,  that  the  facts 
in  respect  to  such  subjects  should  be  spread  before  the  public  at  as  early 
a  day  as  possible.  As  I  cannot  enter  upon  an  examination  of  this  im- 
portant question,  I  desire  to  call  attention  to  it. 

PHYSICAL  GEOGfiAPHT. 

• 

As  the  surface  features  and  configuration  of  any  section  have  an  im- 
portant bearing  upon  its  climatology  and  agricultural  resources,  I  will 
present  first  q>  sketch  of  the  physical  geography  of  that  portion  of  the 
Northwest'  at  present  under  consideration.  Although  I  shall,  when  I 
discuss  the  climatology,  embrace  a  larger  area,  I  will  at  present  confine 
my  remarks  chiefly  to  Minnesota,  Dakota,  Iowa,  and  Nebraska. 

Foster,  in  his  excellent  work  on  the  physical  geography  of  the  Missis- 
sippi Valley,  has  presented  in  a  very  attractive  tbrm  a  description  of  the 
leading  characteristics  of  the  West;  therefore  it  will  be  unnecessary  for 
me,  in  describing  the  features  of  a  limited  section,  to  repeat  what  has 
been  so  well  set  forth.  I.wilU  for  this  reason,  coufine  myself  to  the  more 
minute  details,  and  especially  to  the  hypsometrical  data. 

Notwithstanding  this  region,  which  has  been  not  inaptly  termed  the 
<^New  Northwest,"  presents  no  elevated  mountaiu-ranges  or  lofty  peaks, 
to  break  the  somewhat  monotonous  contour  and  form  sharp  dividing- 
lines  between  the  water-systems,  yet  its  geographical  features  are  not 
devoid  of  interest  in  a  scientific  point  of  view,  nor  without  important 
influences  on  the  climate.  Who  cau  predict  with  certainty  what  would 
be  the  climatic  effect  of  a  rugged  forest-dad  mountain-range  running 
east  and  west  from  the  base  of  the  Bocky  Mountains  to  the  Mississippi 
Eiver  f  Who  can  tell  what  would  be  the  result  of  such  a  barrier  to  the 
winds  which  now  sweep  across  these  vast  plains  f  Who  can  foresee  with 
certainty  the  effect  even  of  a  continued  forest  over  this  immense  area! 

This  country  may  be  described  in  general  terms  as  one  immense  com- 
paratively level  area,  consisting  of  slightly  rolling  and  marshy,  timbered 
sections  in  the  northeast  and  broad,  open,  undulating  prairies  in  the 
west  and  southwest. 

The  eastern  portion,  from  Lake  Superior  to  the  Mississippi,  is  covered 
chiefly  with  pine  and  tamarack  forests,  and  to  a  large  extent  more  or  less 
marshy,  especially  in  the  eastern  and  northeastern  part  of  Minnesota, 
but  fading  out  and  changing  somewhat  in  character  as  we  move  south- 
ward, the  marshes  entirely  disappearing  in  this  direction.  A  lengthy 
but  narrow  forest-strip  runs  north  and  south  along  the  wast  side  of  the 
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Mississippi  Biver,  consisting  almost  entirely  of  decidnoas  trees,  snch  as 
oak,  elm,  ash,  &c.  But  this  strip,  as  it  approaches  Iowa  in  its  southern 
extremity,  is  more  or  less  broken  up  by  prairie-belts,  and  there  confined 
chiefly  to  the  river  valleys. 

The  remaining  portion  Of  the  entire  area  lying  west  of  this  timber-line, 
and  extending  to  the  base  of  the  Bocky  Mountains,  consists  of  broad, 
undulating,  treeless  plains,  channeled  by  numerous  streams,  and  dotted 
iu  its  eastern  portion  with  numerous  small  lakes,  which  decrease  in  num- 
bers and  acquire  a  saline  character  as  we  move  westward.  This  part 
is,  in  fact,  one  section  of  the  great  plains  of  the  interior,  which  stretch 
northward  from  Mexico  to  Arctic  America. 

The  great  uniformity  in  appearance  and  sameness  of  character  of  this 
part  of  the  country  would  apparently  forbid  any  lengthened  description 
of  its  geographical  features — and  to  a  great  extent  this  is  true — ^yet  there 
are  some  facts  and  peculiarities  worthy  of  our  attention  and  study, 
especially  as  there  are  some  problems  connected  with  these  broad,  open 
areas  which  have  not  as  yet  been  satisfactorily  solved.    Why  are  they 
devoid  of  forests.?  is  a  query  often  propounded,  and,  although  approach- 
ing solution,  has  not  been  answered  to  the  entire  satisfaction  of  our  lead- 
ing physicists.    If  we  reject  the  view  of  Lesquereux,  that  the  *'  prairies 
are  due  to  peat-growth,''  and  the  view  of  other  physicists,  that  they  are 
due  "to  the  texture  of  the  soil,''  and  also  exclude  as  unworthy  of  con- 
sideration the  very  general  opinion  that  they  have  been  produced  by  the 
annual  burnings — ^for  this  applies  only  to  their  perpetuation  and  not  to 
their  production — and  accept  the  very  plausable  theory  of  Newberry, 
Foster,  Hayden,  and  others,  that  this  condition  arose  from  a  want  of 
sufficient  moisture,  we  have  advanced  but  one  step  in  the  process  of  solu- 
tion, and  find  ourselves  confronted  by  another  question  equally  difficult 
to  answer:  What  caused  this  lack  of  moisture  on  the  plains  f    And  why 
are  the  prairies  of  Nebraska,  Kansas,  and  Dakota  drier  than  those  oi 
Iowa  and  Illinois?    Doubtless  the  presence  of  the  large  body  of  water 
in  the  lakes  of  the  north — Superior  and  Michigan — over  which  currents 
of  air  already  charged  with  moisture  sweep  down  from  the  northeast, 
the  approximation  of  the  Gulf  of  Mexico,  and  the  Mississippi  running 
north  <and  south  along  the  border  of  the  entire  area,  will  go  far  toward 
famishing  an  answer  to  the  latter  inquiry.    But  it  is  not  my  intention 
to  pursue  this  investigation  at  this  time }  when  I  enter  upon  a  discus- 
sion of  the  climatology  I  may  present  some  facts  which  I  think  bear 
upon  the  subject. 

The  water-drainage  of  Minnesota  and  Dakota  forms  one  of  the  most 
interesting  and  important  features  in  the  physical  geography  of  this  sec- 
tion of  the  West.  Although  there  are  no  marked  or  prominent  water- 
sheds here,  yet  the  streams  which  originate  in  this  limited  area  belong  to 
three  different  water  systems  or  basins:  that  of  Hudson  Bay,  the  lake  or 
Saint  Lawrence  Basin,  said  the  Mississippi  or  Gulf  Basin — one  draining 
north,  one  east,  and  the  other  south,  showing  a  higher  general  elevation 
of  the  surface  here  than  in  either  of  these  directicnis;  that  is  to  say,  if 
we  move  north,  east,  or  south  from  this  area,  we  descend.  Professor 
Wenchell  makes  the  following  statement  in  regiard  to  the  topography  of 
Minnesota:* 

The  intimate  relation  sabeistinff  between  the  geology  and  topography  of  the  State 
is  more  evident  than  in  some  of  the  other  States  in  the  Union.  The  causes  which  de- 
termine the  location  of  the  great  continental  water-shed  are  those  which  determined 
the  existence  of  the  Laarentian  and  Lake  Superior  ranges  of  iffneons  and  metamorphic 
rocks.    The  area  of  these  rocks  in  Minnesota,  as  well  as  in  Wisconsin  and  Michigan, 

*  Geological  and  Natural  History  Survey,  Minnesota,  (1873,)  page  45. 
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includes  some  of  the  sources  of  the  great  riTer-systems  of  the  Northwest  aud  of  the 
continent.  From  this  area,  since  pre-Silurian  times,  streams  have  run  in  all  directions 
toward  the  ocean.  Within  this  area,  in  the  State  of  Minnesota,  are  the  headwaters  of 
the  Saint  Lawrence  system  of  drainage,  which  enters  the  Atlantic  Ocean  toward  the 
east;  those  of  the  Mississippi,  which  enter  the  Gulf  of  Mexico  toward  the  south,  and 
those  of  the  Red  River  of  the  North,  which,  taking  an  opposite  course,  find  the  ocean- 
level  toward  the  north  through  Hudson's  Bay,  in  British  America.  This  water-shed 
consists  not  in  the  form  of  a  definite  and  abrupt  ridge. 

This  fact,  which  does  not  find  an  exact  parallel  at  any  other  point  in 
the  comparatively  level  portion  of  the  interior  of  the  continent,  marks 
this  area  as  one  of  peculiar  interest'  in  the  study  of  the  physical  ge- 
ography of  the  Mississippi  Valley. 

The  Mississippi  and  Red  Rivers  form  the  chief  lines  of  drainage,  and 
it  is  worthy  of  notice  that  these  run  in  exactly  opposite  directions.  The 
Missouri  River,  from  its  great  bend  in  the  northwest  corner  of  Dakota, 
runs  a  little  east  of  south,  the  Mississippi  almost  directly  south,  while 
the  intermediate  waters  find  their  way  directly  north  through  Red  River 
to  Lake  Winnepeg. 

It  has  been  remarked  by  some  writer  that  geologists  and  geographers 
often  fail  to  appreciate  the  value  of  the  facts  they  obtain  in  regard  to 
the  direction  of  the  leading  streams  and  elevated  ranges  of  the  coun- 
tries they  explore.  Although  I  do  not  claim  to  be  a  geologist,  yet  I  am 
strongly  inclined  ,t6  believe  that  the  fixing  of  the  channels  of  these 
streams  belongs  to  the  closing  scene  of  the  Drift  period.  And  this 
opinion  corresponds  with  the  idea  already  expressed  by  Professor 
Hayden :  • 

At  a  modem  period  it  is  probable  that  the  waters  of  the  ocean  swept  high  upland, 
reaching  nearly  to  the  foot  of  the  mountains.  The  great  water-courses  had  alrcadjf 
heen  marked  out;  consequently  we  find  the  yellow-man  or  loess  50  to  150  feet  thick  in 
the  immediate  valley  of  the  Missouri,  but  *  thinning  out  as  we  recede  from  it  or  the 
valleys  of  any  of  its  branches. 

The  cuts  given  in  Professor  Winchell's  report  on  the  survey  of  Belle 
Plaine,  Minnesota,  indicate  that  he  holds  substantially  the  same  opinion. 
But  in  his  geological  report,  before  referred  to,  and  which  was  received 
after  this  report  was  draughted,  he  expresses  his  opinion  on  thi&  point 
as  follows  :t 

The  course  of  the  surface  drainage  is,  in  this  case,  (where  the  drift  is  very  thick,) 
dependent  very  little  on  the  character  of  the  underlying  rock.  But  where  th©  drift  is 
lighter,  the  direction  of  the  subordinate  streams  is  often  determined  by  the  bearing  of 
the  sedimentary  rocks.  A  stream  is  most  likely  to  be  located  in  the  depression  caused 
by  the  erosion  or  other  destruction  of  the  outcropping  edge  of  a  soft  or  friable  rock, 
the  more  persistent  formation  adjoining  it,  above ^^OnKUelow,  forming  tho  divides 
between  it  and  other  streams.  Other  causes,  however,  princlpaUy  those  superinduced 
by  undulations  in  the  strata  over  long  distances,  so  as  to  cause  them  to  leave  the  direc- 
tion of  the  principal  or  tributary  valleys,  and  the  variations  of  level  brought  about  by 
the  unequal  deposition  of  the  drift  during  the  prevalanoe  of  the  ice  of  the  glacial 
epoch,  have  very  generally  marked  the  effect  of  unequal  erosion  of  the  strata  on  the 
direction  of  surface-drainage. 

The  direction  of  the  streams  of  Dakota  and  l^orthern  Nebraska  un- 
doubtedly falls  within  the  last  category,  as  their  channels  seldom  reach 
the  bottom  of  the  drift.  We  may,  therefore,  safely  assume  that  the 
direction  and  lines  of  w^ter-drainage  were  already  marked  out  at  the 
close  of  the  Quartemary  period,  and  doubtless  previous  to  the  Last  sub- 
mergence of  this  portion  of  the  Northwest.  ' 

An  examination  of  the  direction  of  the  tributaries  of  the  leading 

*  Report  1870,  page  X7S, 

t  Geological  and  Natural  History  Survey  of  Minneeota,  page  46. 
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streams  mentioned  will  serve  to  indicate  the  direction  of  the  descent  of 
the  different  parts  of  their  basins.  Thus,  the  tributaries  of  the  Missouri 
which  flow  into  it  below  the  bend  present  a  very  'marked  contrast  in 
direction ;  those  on  the  west  side,  as  Heart,  Eee,  Big  Clieyenne,  White, 
and  Niobrara  Rivers,  flow  almost  directly  east;  while  those  on  the  east 
side,  as  James,  Yerfaillion,  and  Big  Sioux,  flow  almost  directly  south ; 
showing  clearly  that  the  channel  of  the  Missouri  marks  the  termination 
of  the  effect  of  the  descent  from  the  mountains,  and  that  east  of  it  the 
descent  is  from  the  north.  But  it  must  not  be  inferred  from  this  that 
the  descent  toward  the  east  absolutely  ceases  at  the  Missouri,  for  this  is 
BOt  correct,  as  (in  Dakota)  it  continues — as  will  be  seen  by  the  tables  of 
altitudes — as  far  east  as  the  yalley  of  Bed  River ;  but  the  channel  of  the 
Missouri  is  the  boundary  of  the  eastward  flow.  After  giving  the  tables 
of  altitudes  I  will  again  allude  to  this  subject,  and  mention  some  other 
causes  for  this  change  of  direction. 

A  somewhat  singular  feature  is  presented  by  the  tributaries  of  Red 
Biver;  as  a  general  rule,  those  on  the  west  side  flow  southeast  and 
those  on  the  east  side  southwest  until  they  strike  the  immediate  valley 
of  the  river,  where  they  bend  abruptly  northward.  This  would  indicate 
a  southern  descent  for  the  bordering  plains,  while  it  is  evident  the  broad, 
level  valley  of  the  river  has  a  slight  northern  descent. 

Although,  as  will  hereafter  be  shown  by  the  tables  of  elevations,  the 
plain  from  which  the  waters  of  the  Upper  Mississippi  are  gathered  is, 
in  a  manner,  segregated  from  the  broad  western  slope,  yet  the  same 
direction  of  drainage  is  preserved,  the  western  tributaries  flowing 
southeast,  while  the  few  eastern  ones  within  Minnesota  flow  southward. 
This  direction  is  preserved,  notwithstanding,  as  in  Southern  Minnesota 
the  descent  of  the  bordering  surface  of  the  country  is  directly  opposite 
to  the  course  of  the  streams. 

If  we  move  southward  to  the  latitude  of  Iowa  and  Nebraska,  we  shall 
find  the  drainage  almost  wholly  eastward  or  southeast,  that  toward  the 
south  being  less  marked  than  in  the  northern  section.  In  Nebraska  it 
may  be  said  t-o  be  entirely  eastward,  some  of  the  Borthern  tributaries  of 
the  Platte  only  bearing  a  little  southeast.  The  drainage  of  Iowa  is  in 
great  part  to  the  southeast,  a  few  minor  streams  running  southwest  into 
the  Missouri  River,  indicating  a  narrow  western  g^ope  alopg  its  western 
boundary. 

It  is  evident  that  the  vertical  topography  is  of  the  utmost  importance 
in  studying  the  physical  geography  of  any  section,  and  more  especially 
is  this  the  case  where  the  outlines  are  not  rugged,  but  where  the  long 
rounded  swells  and  apparently  level  plateaus  are  calculated  to  deceive 
the  eye.  I  have,  therefore,  collected  all  the  data  to  be  obtained  on  this 
pointv^  particularly  what  refers  to  the  surface  of  Minnesota  and  Dakota: 
and  lortunately  the  recent  surveys  of  lines  through  this  section  of  the 
Northwest  for  the  purpose  of  locating  railroads  have  furnished  us  with 
sufficient  material  to  enable  us  to  form  a  tolerable  correct  idea  of  its 
topography.  Therefore,  before  proceeding  further,  I  insert  the  follow- 
ing lists  of  elevations  and  distances,  which  have  been  furnished  in  most 
cases  from  the  oflficers  of  the  roads  mentioned.  One  or  two  have  been 
copied  from  the  report  of  Professor  Winchell,  heretofore  referred  to,  and 
some  of  the  tables  furnished  me  have  been  corrected  by  this  report. 
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Table  I.  —  A  list  of  elevations  and  distances  along  the  Une  of  the  Laks 
Superior  and  Mississippi  Bailroadj  running  from  Duluth  on  Lake  Supe- 
rior to  Saint  Pau^^  Minnesota. 


Surface  of  Lake  Superior 

Dulath •. 

Thomson 

Highest  point  on  the  road 

Moose  Lake  depot 

Kettle  River  depot 

Hinckley,  at  Grindstone  River 

Lowest  between  Hinckley  and  the  next  summit 

Summit 

Summit 

Pine  City,  at  Snake  River : 

Point  two  and  ono-half  miles  south  of  Snake  River 

Rush  City,  at  th'>  creek 

Goose  Lake 

Next  highest  roint 

North  Brand),  at  the  creek 

Between  North  Branch  and  Wyoming 

Wyoming,  at  the  river 

Wyoming,  at  the  depot 

Forest  Lake  depot 

Summit  between  Forest  Lake  and  Rice  Creek 

Rice  Creek 

Centreville  depot 

Junction  at  White  Bear  Lake 

Summit  between  White  Bear  Lake  and  Saint  Paul 

Between  Phalen's  Lake  and  Saint  Paul 

Lowest  water  in  Mississippi,  at  Saint  Paul 

Highest  water  in  Mississippi,  at  Saint  Paul 

Standard  generally  used  for  Mississippi,  at  Saint  Paul. 


Distance  fh>m 
Dulnth. 


Height  above 
the 


MUe». 


22 
33 
45 

60 

78 


80 
86 
90 


101 


113 
i25' 


129 

132 

13:H 

138 

143 

145 

151 

155 


60QL 

605 

1,027 

1,106 

1,053 

1,112 

1,023 

1,005 

1,0333 

965 

944 

978 

908 

886 

915 

883 

906 

887 

897 

904 

963 

916 

927 

920 

%9 

870 

676 

697 

680 


Table  II. — A  list  of  elevations  and  distances  from  the  western  extremitg 
of  Lake  Superior  j  at  Duluth^  to  the  Missouri  River  at  the  mouth  of  Heart 
River ^  along  the  line  of  the  Northern  Pamfic  Railroad. 


Lake  Superior,  at  Duluth 

Fond  duLao 

Thomson,  (Dalles  of  Saint  Louis  River), 

Junction 

Otter  Creek,  (bed  of  the  creek) 

Norman,  (natural  ground) « 

Kettle  River,  (bed  of  the  riverj 

Kettle  River,  (natural  ground) 

Island  Lake,(grade) 

Tamarack  River, (natural  ground)  .... 

Sicottes,  (grade) 

Sandy  River , 

Kimberly 

Rice  River 

Aiken 


Cedar  River,  (bed  of  the  river) 

Cedar  River,  (natural  surface) 

Withington 

Brainai^,  (at  Mississippi  River,  grade). 

Brainard,  (river  bed) 

Frenchman's ~..... 

PllUger ....: 


Distance  from 
Duluth. 


mus. 


6 
22 
24 
27 
34 
42 
45 
46 
52 
58 
65 
76 
81 
88 
92 
97 
98 
115 


121 
127 


Height  above 
the 


FfxL 
600 
606 
1,036 
1,080 
1,186 
1,333 
1,285 
1,359 
1,30S 
1,309 
1,265 
1,222 
1,231 
1,248 
1,203 
1,193 
1,299 
1,270 
1,205 
1,138 
1,206 
1,195 
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Tablb  n. — A  list  of  elevations  a/nd  distances^  &c, — Continued. 


Crow  Wing  River,  (bed  of  the  riyer) 

Motky 

Ha¥dfin'8  Branch,  (oreek  bed) 

Wadena IIII.'!IIIl...I.l."!..m.iI.Ii 

Leaf  River 

f^ee ...... 

Otter^Tail  River,  (bed  of  the  river) 

Fierham 

Qobart 

Otter-Tail  River,  (natural  ^nnd) 

Mican  River,  (beidof  the  river) 

Detroit 

Oak  Lake 

Audubon 

Lakeside 

Bay  Creek,  (bed) 

Hay  Creek,  (bed)  

Bb&Io  River,  (bed) 

Buffalo  River,  (bed) 

Hawley  

Mnskoda 

Bed  River  Flats 

Glyodon 

Moorhead,  (on  Red  River) , 

BedRiver,  (topofbank) 

Btod  River,  (bed  of  river) 

Fint  Cheyenne  croeeing 

Summit  between  the  two  crossings 

Second  Cheyenne  oroesing 

LakeEokelson 

Summit  between  Cheyenne  and  James  Rivers. 

James  River 

OpCoteaaof  theMissonri 

BiTide,  Coteau  of  the  Missoori , 

OnCotean  of  the  Missouri 

MisBonri  River,  (at  month  of  Heart  River) . . . . 


IMstancefrom 
Dnlnth. 


Miles. 
136 
137 
143 
151 

.    161 
166 
175 
183 
165 
196 
201 
206 
207 
211 
214 
219 
224.2 
226.6 
227.4 
230.1 
230.4 
235 
242 
243 
252 


Heiffht  above 
the  sea. 


258 
306 
311 
329 
342 
346 
366 
387 
425 
440.5 


Feet. 

1,197 

1,220 

1,224 

1,330 

1,349 

1,310 

1,409 

1,318 

1,387 

1,420 

1,337 

1,362 

1,367 

1,308 

1,325 

1,200 

1,167 

a,  150 

1,132 

1,145 

1,083 

978 

927 

903 

902 

857 

900 

1,445 

1,230 

1,418 

1,495 

1,393 

1,861 

1,795 

1,873 

1,700 


Table  ITT. — A  list  of  elevations  and  distances  along  the  Saint  Paul  and  Pa- 
eifie  BaUroady/rom  Saint  Paul  to  Breckenridge^  on  Red  River ^  assuming 
low  water  in  me  Mississippi  River  at  Saint  Paul  to  be  680  feet  above  the  sea. 


MiflBissippi  River,  at  Saint  Paul 

River  at  Saint  Antony 

Misneapolis  Station 

WayeaU 

I>elaiio 

Howard  Lake. 

Darwin 

WiUmar 

Benson 

8nmmit......  .............. ... 

Morris ......-.-.--.....• 

Summit 

Herman  Station 

Gorton 

BabWtRmi 

Bieckeoxidge 


Distance  from 
Saint  PauL 


Heicht  above 
the  sea. 


Feet. 

680 

795 

825 

926 

918 

1,044 

1,122 

1,119 

1,037 

1,162 

1.117 

1,146 

1,058 

1,012 

972 

953 
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Table  I  Y. — A  list  of  elevations  and  distances  along  the  Saint  Paul  and 
Sioux  City  Railroad  from  Saint  Paul  to  Le  MarSj  assuming  lotc  water 
at  Saint  Paul  to  be  ^Ofeet  above  the  sea-leveL 


Distance  from 

Hei<;ht  abore 

SaiDt  Paul. 

the  sea. 

MUe». 

Feet, 

47 

785 

52 

789 

58 

795 

63 

815 

69 

851 

77 

857 

86 

853 

90 

870 

100 

1,057 

110 

1,002 

121 

1,061 

130 

1,167 

137 

1,281 

143 

1,401 

148 

1,339 

154 

1,427 

160 

1,398 

170 

1,469 

178 

1,568 

188 

1,607 

196 

1,489 

245 

1.200 

Belle  Plaine *. 

Blakeley  ^. 

East  Henderson 

Le  Sneur •. 

Ottawa 

Eosata 

Mankato 

South  Bend 

Crystal  Lake  

Madelia 

Saint  James 

Butterfield 

Mountain  Lake 

Bingham  Lake 

Wiudom 

Wilder   

Heron  Lake 

Hei'8ej[ 

Worthington   — 

Bigelow  

Sibley 

LeMars 


Table  V.— A  list  of  elevations  along  a  line  running  from  Morris^  on  tlie 

.    Saint  Paul  and  Pamfio  Railroad^  southwest  across  the  Coteau  of  the 

Prairie  and  the  Coteau  of  the  Missouri  to  Fort  Sullyj  on  the  Missouri 

River.    Measured  by  Mr.  J.  D.  Skinner,  er^gineer.    Estimated  from  loir 

water  at  Saint  Paul. 


Low  water  at  Saint  Paul 

Moiris  Station 

Lake  Traverse,  (top  of  the  bluflf) 1..' 

Lake  Traverse,  (bottom  of  the  bluff) 

Summit  between  Morris  and  Lake  Traverse 

Summit  of  the  Coteau  des  Prairies,  (on  the  line) 

Western  foot  of  the  coteau 

Bank  of  James  River 

Water-level  of  James  River 

Summit  of  the  coteau  between  James  River  and  Fort  Sully 

Average  of  the  Missouri  bottom  at  Fort  Sully 

Water-level  of  the  Missouri  River  at  Fort  Sully 

Water-level  of  the  Biissonri  River  at  Cheyenne  Agency. ... 


Heifi^ht    above 
the  sea. 


Feet 
680 
1,120 
1,080 
960 
1,108 
1,968 
1,498 
1,288 
1,260 
1,942 
1,420 
l,3d8 
1,415 
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Table  YI. — A  miscellaneom  list  of  elevations  in  various  parts  of  Minne- 
sota and  Dakota^  mostly  barometrical. 


UOCAJJTTES  IX  MINNESOTA. 


Leech  Lake 

lionnd  Lake  Itaska 

Lake  Pemidii 

Lac  qui  Parle ^ 

Plain  near  New  Ulm , 

HaiD,  latitude,  440  15' ;  longitude,  95° 

Near  Lake  Shotek.  latitude,  44^  10';  longitude,  95°  42' 

EOiiffii  east  of  Big  Stone  Lake 

Bottoiu-luid  aroond  Big  Stone  Lake 


LOCALrriBS  IN  DAKOTA. 


Utitade,  470  IC ;  longitude,  97°  30' 

Utitude,  470  42' ;  longitude,  97°  30' 

Latitude,  44°  10';  longitude,  99<^  40',  (bend  of  the  Missouri) 
Latitude,  46°  SC;  longitude,  97°  30',  (Cheyenne  River)  ..,. 

Devil's  Lake 

Mouth  of  Little  Missonri .- 

Burnt  Island,  near  the  mouth  of  Heart  River 

Fort  Union,  (two  estimates) 

Upp^plains,  near  the  mouth  of  the  Yellowstone 

Fonwadsworth 

Satiace  of  the  Coteau  des  Prairies 


Height    above 
the  sea. 


Feet, 
1,330 
1,680 
1,456 

946 
1,064 
1,160 
1,578 
1,070 

966 


1,102 
1,168 
1,463 
1,228 

i,4er 

1,830 

1,690 

5  1,970 

>  2, 017 

2,200 

1,896 

1, 860-2, 046 


Table  VII. — A  list  of  elevations  and  distances  along  two  lines  running 
northward;  one  up  the  Mississippi^  from  Saint  Faul  to  Brainard^  the 
other  along  the  Bed  River  Valley^  from  Glyndon^  on  the  Northern  Pacific 
Bailroad,  to  Pembina.^ 


UP  THE  MISSISSIPPI. 


Saint  Anthony,  (water-level) 

Bice  Creek,  (water-level) 

Bom  Siver,  (water-level) 

Elk  River,  (water-level) 

fiaint  Cloud,  ( wat'Or-level) 

Saak  Rapids,  (water-level) . . . 
Flatte  River,  (water-level).., 
Nokay  River,  (water-level) . . . 
BofiEuio  Creek,  (water-level) . . 
Bnunard,  (water-level) 


Distance  from 

Height  above 

Saint  Paul. 

the 

sea. 

MiUiS. 

Feet, 

9.5 

791 

17 

807 

27.5 

831 

43 

881 

75 

953 
982 

95 

1,054 

120 

1,134 

134 

1,167 

137 

1,184 

*In  tiua  table  low  water  at  Saint  Panl  is  estimated  at  676  feet  above  the  sea-level. 
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Table  VII. — A  list  of  elevations  and  distances^  cjfo.-— Continued. 


FROM  OLYin>ON  TO   SAINT  VINCENT  OR  PBMBINA. 


Glyndon  

Buffalo  River,  (grade) - 

Wild  Rice  River,  (grade) 

Rolette  Station 

Kittson  Station 

Red  Lake  River,  (grade) 

Three  hundred  and  forty  mile-post 

Tamarack  River,  (grade) 

South  Branch,  Two  Rivers,  (grade)  

Red  River  bank  at  Saint  Vincent,  (opposite  Pembina) 


Height  above 
the  sea. 


FeeL 
923 
919 
910 
894 
886 
862 
851 
830 
815 
792 


Fonr  of  these  tables  (II,  III,  IV,  V,)  give  us  the  elevations  of  trans- 
verse sections  almost  and  in  some  cases  directly  along  east  and  west 
lines,  crossing  the  direction  of  the  leading  streams  at  right  angles, 
enabling  ns  to  jadge  qaite  correctly  in  regard  to  the  topography  so  far 
as  it  relates  to  this  direction.  From  Table  YII  we  learn  the  descent  of 
the  Mississippi  River  from  the  crossing  of  the  Northern  Pacific  Railroad 
to  SaintPauI,and  the  descent  of  Red  River  from  the  same  line  northward 
to  the  British  line;  and  by  bringing  together  the  elevations  on  the  same 
meridian  from  the  different  lines  mentioned  in  these  tables  and  from  the 
Union  Pacific  and  Kansas  Pacific  lines,  we  can  obtain  at  least  an 
approximately  correct  idea  of  the  topography  along  north  and  south 
lines. 

Beginning  with  the  north  line  along  the  Northern  Pacific  road  and 
tracing  it  westward,  we  find  a  somewhat  unexpected  uniformity  of 
elevation  in  the  timbered  district  which  extends  from  Lake  Superior 
westward  some  fifty  or  sixty  miles  beyond  (west  of)  the  Mississippi 
River,  and  as  we  move  farther  westward,  although,  with  one  material 
exception,  we  find  the  variation  to  be  gradual  and  generally  ascending, 
yet  we  shall  notice  very  marked  aifd  striking  changes  ifi  the  character 
of  the  country  traversed. 

Starting  from  the  surface  of  Lake  Superior  at  Duluth  with  an  altitude 
of  600  feet  above  the  sea-level,  we  rapidly  ascend  the  rugged  encircling 
bluffs,  and  in  a  few  miles  reach  a  height  of  1,280  feet.  This  we  find,  by 
examining  Table  II,  is  about  the  average  level  of  a  line  across  the  State 
of  Minnesota  at  this  latitude,  until  we  reach  the  valley  of  Red  River, 
when  we  again  descend  some  300  feet.  From  this  average  the  extremes 
along  the  railroad-line  seldom,  if  ever,  vary  more  than  100  feet.  There 
is  a  slight  depression  in  the  immediate  valley  of  the  Mississippi,  as  at 
Brainard  and  Pillager,  but  it  is  certainly  much  less  than  we  would  be 
led  to  infer  from  a  comparison  of  the  higher  margins  of  this  plain  or 
plateau  with  the  much  lower  level  of  Lake  Superior  on  one  side  and 
that  of  Red  River  Valley  on  the  other.  Even  this  central  depression 
will,  in  a  great  measure,  disappear  if  we  follow  a  direct  line  from  Duluth 
to  Moorhead,  instead  or  following  the  southward  curve  of  the  road  as  it 
approaches  the  river,  for  in  moving  south  it  descends  proportionally. 
As  we  approach  the  divide  between  the  waters  of  the  Mississippi  and 
Red  Rivers,  there  is  an  ascent  of  about  100  feet  above  the  average,  and 
nearly  200  feet  above  the  former  river.    As  a  matter  of  course,  the  road 
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18  coDStrncted  along  the  lowest  levels ;  therefore  our  figures  in  the  tables, 
as  a  rule,  represent  the  lowest  points  of  the  surface,  and  give  us  but 
httle  idea  of  the  local  and  isolated  irregularities  in  the  contour;  and 
especially  is  this  the  case  where  the  line  crosses  a  divide  between 
different  water-basins.  In  this  case  we  should  probably  add  150  or  20D 
to  the  figures  given  in  the  table  to  get  a  true  average  of  the  elevation 
of  this  divide,  which  is  here  called  Leaf  River  Hills,  and  which  extends 
some  distance  north  and  south. 

If  we  move  north  from  the  point  where  we  cross  the  Mississippi,  fol- 
lowing up  its  valley,  we  observe  that  the  ascent  is  rather  more  rapid  than 
toward  the  west,  as  will  be  seen  by  the  following  list  of  elevations  taken 
from  General  Humphreys'  report  on  the  Mississippi  Eiver: 


Month  of  Sandy  Lake  River 

Mooth  of  Swan  River 

Head  Falls  of  Peckagama , 

Moath  of  Leech  Lake  River 

Entrance  to  Lake  Cass 

Entrance  to  Lake  Traverse 

Itaiea  Lake , 

Utmofit  sources  of  the  Mississippi . 


Above  the 
sea-level. 


Feet. 

1,253 

l,-^90 

1,340 

1,356 

1,402 

1 ,  456 

1,575 

l,6d0 


As  a  matter  of  course,  before  we  pass  the  divide  in  this  direction  a  still 
lii;rher  point  will  be  reached,  although  there  is  no  marked  ridge  sepa- 
rating this  basin  from  that  north  of  it. 

If  we  pass  westward  to  Red  River  we  find  the  elevation,  where  the 
road  crosses  it,  but  900  feet  above  the  level  of  the  sea ;  and  as  we  move 
northward  along  its  course  it  gradually  descends,  until,  at  Pembina,  the 
altitade,  according  to  the  railroad-surveys,  is  but  702  feet  above  the  sea. 
It  is  therefore  evident  that  in  passing  from  the  basin  of  the  Upper  Mis- 
sissippi into  Red  River  Valley  we  have  descended  to  a  general  level 
about  400  feet  lower,  and  in  doing  this  have  passed  over  a  broad  rim 
from  100  to  300  feet  higher  than  the  upper  plateau. 

What  the  vertical  topography  is  northeast  from  the  sources  of  the 
Mississippi,  I  am  unable  to  say ;  but,  as  the  waters  of  that  section  flow 
northward  and  eastward  into  another  basin,  it  is  evident  the  descent  is 
iu  that  direction,  and  the  list  of  heights  along  Naineukan  and  Rainy 
Lake  Rivers,  from  Lake  Superior  to  the  Lake  of  the  Woods,  as  given  in 
part  below  from  the  geological  report  of  Mr.  Hiud,  will  show  at  lea*st  the 
amount  of  this  descent  to  that  line  or  water-level.  As  a  matter  of  course^ 
there  is  some  kind  of  a  divide  between  these  two  basins,  but  those  who 
have  passed  over  it  at  different  points  say  that  as  a  general  thing  it  is- 
an  imperceptible  swell ;  in  some  places  it  is  marked  by  low  ridges,  which 
separate  the  numerous  marshes  of  this  portion  of  Minnesota.  The  prom- 
inent ridge  marked  in  some  maps  as  running  eastward  from  the  south- 
ern margin  of  Red  Lake  is  wholly  imaginary. 

The  following  list  of  elevations  along  the  Nameukan  and  Rainy  Lake 
Bivers,  taken  from  the  geological  report  of  Mr.  Hind,  gives  us  the  slope 
of  the  main  channel  of  this  northern  international  basin,  and  is  very  im- 
portant in  this  connection,  although  part  of  the  link  between  it  and  the 
Mississippi  Basin  is  wanting : 
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DiBtancA      from 

Heigbt  above  the 

Lake  Superior. 

sea. 

inies. 

Feet 

283 

1,117 

245 

1, 082 

257 

1,044 

301 

1,035 

3:J6 

998 

453 

977 

487 

950 

510 

901 

544 

843 

5G0 

610 

585 

744 

590 

689 

614 

G*28 

657 

628 

Stations. 


Mouth  of  Natncnkan  River 

Grand  Falls  Port-age 

Lako  Nuuienkaa 

Rainy  Lake 

Manitou  Rapids ....-' 

Lake  of  the  Woods 

ALONG  WINNIPEG  lUVEU  TO  LAKE  WINNIPEG 

Grande  Ddcharge 

De  rllo  Portage 

liocbc  Br(il<$e  Portage 

Otter  Falls 

Bonnet  Lake 

Big  Bonnet  Portage 

Fort  Alexander 

Lake  Winnipeg 


I  regret  that  this  line  cannot  be  extended  eastward  direct  from  Eainy 
Lake  to  Lake  Superior ;  but  I  have  been  unable  to  find  any  record,  if 
one  was  ever  made.  Yet  from  this  list,  imperfect  as  it  is,  we  learn  some 
important  facts,  among  which  the  following  may  be  mentioned  as  of 
special  interest  in  the  present  examination :  That  the  divide  between 
Lake  Superior  and  Rainy  Lake,  which  here  is  directed  northeaj^t,  main- 
t^iins  an  elevation  equal  to  that  immediately  west  of  Duluth.  It  is 
true  that,  at  the  point  where  Mr,  Hind  struck  the  channel,  the  elevation 
was  a  little  less  than  that  immediately  back  of  Duluth,  but  the  rest  of 
the  table  as  given  in  his  work,  but  not  quoted  here,  shows  that  at  a 
short  distance  northeast  of  that  point  the  altitude  is  1,300  to  1,400  feet 
above  the  sea.  And,  as  Owen  asserts  in  his  Geological  Survey  of  Wis- 
consin, Iowa,  and  Minnesota,  the  bordering  rim  of  the  immediate  Lake 
Superior  Basin  increases  in  height  toward  the  northeast. 

A  second  fact  we  learn  from  this  list  is  that  the  slope  of  the  Winni- 
peg Basin  along  this  line  is  tolerably  rapid  toward  the  northwest,  reach- 
ing at  Lake  Winnipeg  a  level  only  28  feet  above  that  of  Lake  Superior. 
It  shows  also  that  Rainy  Lake  is  fully  600  feet  lower  than  the  extreme 
source  of  the  Mississippi  and  the  Lake  of  the  Woods  700  feet  lower. 

The  elevation  of  Red  Lake  may  have  been  ascertained,  but  if  it  has 
I  have  been  unable  to  find  the  record ;  yet  I  think  we  have  good  reason 
to  infer  that  it  is  less  than  that  given  for  the  source  of  the  Mississippi. 
It  is  drained  into  Red  River  at  a  point  where  the  elevation  is  only  about 
850  feet  above  the  sea ;  the  length  of  Red  Lake  River,  by  which  its 
waters  are  carried  off,  is  probably  not  more  than  one  hundred  miles, 
twenty-five  or  thirty  of  which  are  through  the  remarkably  flat  valley 
of  Red  River,  and,  so  far  as  I  can  learn,  the  rest  is  without  any  con- 
siderable falls.  I  allude  thus  particularly  to  the  elevation  of  this  lake 
as  it  will  assist  us  in  determining  the  height  of  the  rim  of  the  Missis- 
sippi Basin  on  the  northwest,  and  the  character  of  the  descent  to  the 
Red  River  Basin  in  that  direction.  By  bringing  together  these  facts  we 
are  enabled  to  form  a  tolerably  correct  idea  of  the  configuration  and  ele- 
vation of  the  northern,  northeastern,  and  northwestern  boundary  of 
the  plateau  of  the  Upper  Mississippi  Basin. 

The  line  of  the  Saint  Paul  and  Pacific  Railroad  to  Breckenridge, 
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althongh  presentiog  a  less  rapid  ascent  while  passing  tbroagli  the  tim- 
ber-strip— some  fifty  miles  in  width — ^reaches  an  average  of  1,100  feet 
above  the  sea  when  we  arrive  at  the  prairie-belt  which  forms  the  divide ; 
but  when  we  arrive  at  Breckenridge,  near  the  head  of  Red  Eiver,  we 
have  again  descended  to  953  feet  above  the  sea  and  are  only  50  feet 
higher  than  at  Moorehead.  If,  instead  of  following  the  railroad-liue, 
we  move  up  the  valley  of  the  Minnesota  River  to  its  source  in  Big 
Stone  Lake,  cross  over  to  Lake  Traverse,  and  pass  northward  down 
Red  River,  we  find  a  very  remarkable  channel,  which  reaches  at  no 
point  an  elevation  of  more  than  960  or  970  feet  above  the  sea-level, 
or  abont  280  or  200  above  the  Mississippi  at  Saint  Panl.  This  im- 
mense furrow,  connecting  the  drainage  of  Hudson  Bay  with  that  of  the 
Gnlf  of  Mexico,  reaching  at  no  point  an  elevation  of  1,000  feet  above 
the  sea,  possesses  great  interest  in  the  study  of  the  physical  geography 
and  surface-geology  of  the  Northwest.  Here,  in  all  probability)  will  be 
fonnd  the  key  to  the  last  act  in  the  great  geological  drama  of  this  sec- 
tion, and  here  undoubtedly  will  be  found  the  last  traces  of  the  union  of 
the  arctic  and  tropic  oceans  across  the  bosom  of  the  continent.  It  was 
here  the  waves  of  these  two  great  seas  gave  their  parting  kiss  before 
their  long  separation.  But  it  is  not  my  intention  to  dwell  On  this  inter- 
esting topic;  this  is  the  work  of  the  geologist  who  delights  to  dwell  in 
the  fading  scenes  of  the  far  distant  past.  My  business  is  with  the  present 
features,  and  the  object  I  have  now  in  view  is  the  dull  and  prosy  one 
of  conveying  an  idea  of  the  topography  of  the  region  drained  by  the 
headwaters  of  the  great  father  of  waters,  our  own  noble  Mississippi. 

It  is  evident,  therefore,  from  what  has  been  said  and  from  the  lists  of 
elevations  given,  that  these  waters  are  gathered  from  a  moderately  ele- 
vated and  segregated  plateau,  whose  border,  starting  from  the  vicinity  af 
Lake  Superior,  sweeps  around  northwest  until  it  approaches  the  valley 
of  Red  River,  attaining  its  maximum  altitude  in  the  direction  of  Red 
Lake;  thence  bending  south  it  fades  away  in  the  rolling  prairies  as  it 
approaches  the  channel  of  the  Minnesota  River.  Rising  from  300  to 
1,000  feet  above  the  surrounding  regions  it  slopes  southward  and  from 
the  east  and  \?est  sides,  especially  the  latter,  inwardly  toward  the  cen- 
tral channel. 

As  before  remarked,  in  traveling  westward  from  Lake  Superior  to  the 
Misuari  River,  although  we  may,  as  a  general  rule,  find  a  very  great 
uniformity  in  altitude,  we  shall,  on  the  other  hand,  find  very  strong  con- 
trasts in  regard  to  the  character  and  covering  of  the  surface,  and  also 
marked  climatic  differences.  Leaving  the  last  until  the  subject  of  cli- 
mate is  introduced,  I  will  call  attention  here  to  the  other  differences 
which  are  important  items  in  making  up  our  estimate  of  the  agricultural 
resources. 

This  basin,  as  a  whole,  differs  very  materially  from  the  regions  farther 
west  in  the  fact  that  the  larger  i>ortion  is  covered  with  forests,  the 
western  and  more  elevated  portions  alone  consisting  of  prairies.  The 
ninety-fifth  meridian  corresponds  very  nearly  with  the  division  between 
the  two  portions,  although  there  are  west  of  this  line  some  scattering 
oak-groves,  and  immediately  east  of  it  a  few  isolated  prairies  of  small 
extent.  The  entire  portion  of  the  State  east  and  northeast  of  the  Mis- 
sissippi and  for  a  short  distance  west  of  it,  north  of  Saint  Paul,  is 
covered  almost  entirely  with  pine  and  tamarack  forests.  And  within  this 
pine-covered  area  is  found  another  very  marked  distinction  from  the 
section  west  of  Red  River.  And  I  call  special  attention  to  these  differ- 
ences between  Minnesota  and  Dakota,  for  the  reason  that,  when  we  come 
to  examine  the  climate,  especially  the  rain-fall,  we  shall  find  a  difference 
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scarcely  to  be  expected.  The  northeastern  part  of  the  State  maybe 
jcliaracterized  as  the  regfion  of  Rwamps  and  bogs.  A  strip  of  some  fit- 
teen  or  twenty  miles  in  width  around  the  western  end  of  the  lake — which 
is  required  to  reach  the  summit  of  the  bluff^— and  which  is  rapidly  as- 
cending and  mostly  rugged,  as  a  matter  of  course  is  well  drained; 
but  as  soon  as  we  pass  beyond  this  limit  we  enter  upon  a  succes  ion  of 
bogs  and  swamps  separated  by  low  ridges  a  few  feet  in  heigbt^  which 
continue  until  we  come  near  to  the  Mississippi,  and  are,  in  fact,  repeated 
for  a  short  distance  west  of  it  at  some  points.  These  ridges,  which 
appear  to  be  composed  entirely  of  drift-material  similar  in  character  and 
color  to  the  underlying  or  neighboring  rocks,  seem  to  have  a  general 
north  and  south  or  northeast  and  southwest  direction.  This  parallel- 
ism of  even  these  small  swells  between  the  boggy  flats  is  but  a  repeti- 
tion on  a  small  scale  of  a  remarkable  feature  of  this  part  of  the  North- 
west to  which  I  have  already  alluded  in  speaking  of  the  course  of  the 
rivers.  Owen  calls  special  attention  to  it  in  his  report  on  the  geology 
of  this  region  as  follows,  (chapter  iv,  p.  333 :) 

As  wbat  I  conceive  to  have  been  grent  valleys  in  the  rocky  strata  of  large  portions 
of  Wisconsin  and  Minnesota  have  l>een  tilled  up,  and  the  country,  in  a  great  roeasnre, 
leveled  by  the'accnmnlation  of  immense  deposits  of  drift,  it  is  not  possible  to  determine, 
with  anything  like  accuracy,  the  width  of  the  original  valleys,  nor  the  exact  lines  of 
the  anticlinal  axis  separating  them ;  but  the  distances  from  one  synclinal  line  to 
another  may  be  ascertained  now,  with  as  much  precision  as  the  linear  surveys  of  that 
region,  together  with  the  draughts  of  the  principal  streams  in  the  uusurveyed  portions 
of  the  Territory,  by  membera  of  the  geological  corps,  will  permit.  Thus,  fit>m  the 
valley  of  Chippewa  River,  at  the  mouth  of  Manidowish  to  that  of  the  Upper  Saint 
Croix,  in  a  direct  line  and  at  right  angles  to  the  course  of  the  valleys,  is  about  sixty 
miles ;  and  from  the  valley  of  the  Saint  Croix  to  that  in  which  the  Mississippi  flows, 
between  the  outlet  of  Sandy  Lake  and  the  mouth  of  Crow  Wing  River,  in  the  same 
direction  across  the  strike  of  the  valleys,  is  about  sixty-two  miles  ;  and  from  this  por- 
tion of  the  vaUey  of  the  Mississippi  to  the  next  parallel  valley — in  which  Leech  Lake 
is  situated — is  about  fifty  miles ;  and  from  the  valley  of  Leech  Lake  to  the  next  great 
parallel  valley  northwest  of  it — the  one  in  which  Red  Lake  lies — is  about  sixtj^-eight 
miles ;  showing  a  remarkable  degree  of  uniformity  in  the  undulations  of  the  crust  of 
the  earth  throughout  a  very  extensive  region  of  connti*y.  *  •  There  are 
three  great  systems  of  valleys  in  the  Northwest,  besides  numerouB  subordinate  ones, 
the  valleys  of  each  system  preserving  a  very  uniform  degree  of  parallelism  with  one 
another  and  with  the  smaller  valleys  between  the  anticlinal  axes. 

He  then  proceeds  to  enumerate  the  various  valleys  of  these  systems 
by  the  names  of  the  rivers  occupying  them,  showing  this  parallelism  to 
prevail  to  such  an  extent,  not  only  in  regard  to  the  larger  valleys  and 
streams,  but  even  in  respect  to  the  numerous  smaller  water-courses  and 
valleys,  as  to  make  it  evident  that  it  arises  from  some  law  connected 
with  the  geological  forces  and  structure.  He  gives  it  as  his  opinion 
that  the  great  structural  features  of  the  country  are  due  to  subterranean 
movements,  acting  at  different  periods  on  an  immense  extent  of  the 
crust  of  the  earth  and  with  great  uniformity  during  each  epoch,  and  not 
to  local  disturbances  only  or  to  mere  alterations  of  the  surface  from 
glacial  or  diluvial  action,  however  much  these  Agencies  may  have 
altered  the  face  of  the  country. 

This  may  be,  and  doubtless  is,  true  in  regard  to  the  direction  of  the 
larger  divides  and  valleys,  but  it  will  scarcely  apply  to  the  small  ridges 
which  separate  the  bogs  and  swamps  of  Northeastern  Minnesota  or  the 
smaller  parallel  ridges  of  Dakota  and  Nebraska.  Water  alone,  or  water 
and  wind  were  certsiinly  the  forces  that  formed  these ;  perhaps  glacial 
action  may  have  played  a  part  in  originally  outlining  them. 

Leaving  the  northeastern  part  of  the  State  and  moving  westward 
across  the  Mississippi  toward  the  opposite  bouudary  of  the  basin,  we 
observe  a  very  marked  and  important  change  in  regard  to  the  sorface- 
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covering.  The  pines  with  their  dark-green  foliage  and  the  gloomy 
tamarack  grddaally  disappear,  and  for  some  distance  we  pass  through 
groves  of  deciduous  trees,  chiefly  oak,  with  some  intermixture  of  elm 
and  ash.  About  the  ninety-fifth  meridian  we  emerge  upon  the  open, 
rolling  prairies ;  yet  for  some  distance  the  rounded  hillocks  are  often 
covered  with  open  groves  of  oak,  and  the  little  intervening  basins  are 
occnpied  by  clear,  limpid  lakes,  presenting  a  charming  landscape.  Here 
perhapB  will  be  found  some  of  the  most  beautiful  spots  in  the  State — 
and  by  "here"  I  intend  that  stilp  running  from  Red  Lake  south,  includ- 
ing Becker  and  Otter  Tail  counties  and  following  the  divide  between 
the  basins — ^the  green,  grassy  sward  covering  the  gently-rounded  knolls 
and  gradual  slopes  and  carpeting  the  surl'ace  amid  the  open  oak-groves, 
where  the  trees  appear  as  regularly  distanced  as  though  they  had  been 
planted  by  the  hand  of  man.  At  the  foot  of  almost  every  slope  is 
a  beautiful,  clear  lakelet,  filled  with  finny  tribes.  We  could  scarcely 
ima(;ine  a  scene  more  charming. 

It  is  a  singular  fact  that  the  entire  surface  of  this  western  prairie- 
divide,  which  separates  the  Upper  Mississippi  Basin  from  the  valley  of 
Red  River  and  from  the  upper  part  of  Minnesota  River  Valley,  is  dotted 
with  innumerable  lakes  of  small  size,  many  of  which  are  without  any 
visible  outlets.  If  we  examine  a  good,  late  map  of  the  State,  made  oil 
a  scale  of  sufficient  size,  we  shall  find  an  immense  circlet  of  these  lakes 
extending  from  Saint  Paul  northwest  and  then  north  and  northeast,  to  the 
8oorce  of  the  Mississippi,  following,  as  a  general  rule,  the  more  elevated 
portions  of  the  country  and  the  divides  between  the  streams;  it  is  said 
that  not  less  than  ten  thousand  of  these  lakes  are  to  be  found  in  the 
State.  Why  are  these  found  so  generally  on  the  divides  and  the  higher 
ground  f  What  connection  is  there  between  the  two  i  These  are  inter- 
esting questions,  to  which  I  may  hereafter  recur  either  in  this  or  a  future 
report,  for  it  is  evident  that  the  existence  of  these  lakes  in  this  position 
has  an  important  bearing  upon  the  hygrometric  condition  of  the  atmos- 
phere and  the  amount  of  the  rain-fall  in  this  portion  of  the  country. 

Continuing  our  course  westward  along  the  same  line  upon  which  we 
originally  started,  we  next  pass  down  a  gentle  slope  of.  some  400  feet 
descent  into  the  broad  valley  of  Red  River.  This  valley,  or  rather 
plain,  for  such  it  rciilly  is,  extends  northward  from  Lake  Traverse  to 
Lake  Winnipeg,  having  an  average  width  of  thirty  or  thirty-five  miles, 
one  uniform  level  scarcely  interrupted  by  a  swell  or  depression,  save  the 
channels  cut  by  the  tributaries,  which  enter  almost  at  regular  intervals. 
There  is  perhaps  no  place  on  the  continent  that  so  fully  meets  our  idea 
of  a  **  flat'^  or  "  dead-level"  country  as  this  valley.  Professor  Owen  has 
truly  remarked  that  **  nothing,  however,  but  personal  observation  can 
convey  to  the  mind  the  singular  effect  produced  by  this  dead-level 
plain.  The  line  of  the  horizon  is  so  perfectly  straight  that  it  might 
serve  the  purpose  of  astronomical  observation  for  determining  the  alti- 
tude of  the  heavenly  bodies.  While  standing  on  this  great  savanna, 
rtrahiiog  my  eyes  in  quest  of  some  object  more  prominent  than  a  blade 
of  grass,  it  occurred  to  me  that  there  is  probably  no  spot  on  the  globe 
more  suitable  than  this  on  which  to  measure  a  degree  of  latitude."  It 
is  only  personal  observation  that  can  convey  to  the  mind  the  efi'ect  of 
this  singular  feature;  even  the  gentle  slopes,  which  border  it,  appear  in 
the  distance  as  abrupt  bluffs  when  we  gaze  at  them  across  this  level 
surface. 

The  Saint  Paul  and  Pacific  Railroad,  which  runs  diagonally  across  it 
for  forty  miles,  during  this  distance  is  without  a  curve,  a  fill,  or  a  cut, 
save  what  is  necessary  to  remove  the  sod.    It  is  one  immense  meadow 
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of  tall,  waving  grass,  interrupted  every  twelve  or  fifteen  milea  by  a 
narrow  fringe  of  trees,  chiefly  oak,  that  lines  the  bank  of  some  tributary 
which  flows  into  it  from  the  east  or  west  The  descent  of  the  stream 
northward,  counting  along  a  direct  line,  is  about  one  foot  to  the  mile, 
but  if  we  follow  its  windings  the  fall  will  be  less  than  this  amount 

Passing  westward  beyond  this  valley  we  observe  a  very  distinct 
change  in  the  scenery.  Here  the  treeless  plains  spread  out  before  us  in 
long,  rolling  swells,  in  that  peculiar  and  somewhat  semi-gloomy  grandeur 
which  belongs  alone  to  the  great  trans-Mississippi  plains,  of  which  this 
is  a  part  The  surface  gradually  ascends  and  becomes  more  undulating, 
broken  into  long,  low,  rounded  ridges,  smooth,  grassy  knolls  and  hil- 
locks, furrowed  here  and  there  by  the  narrow,  deep  canon-like  valley 
of  some  stream,  or  by  a  dry  coulee^  which  marks  the  pathway  of  some 
ancient  creek  or  river.  Instead  of  the  forests  of  the  eastern  basin,  or 
the  tall,  waving  grass  of  Ked  Eiver  Valley,  we  now  see  the  low,  pale- 
green  sward,  or,  as  we  move  farther  into  the  interior,  the  short  bunch- 
grass,  which  formed  the  favorite  food  of  the  immense  herds  of  buflaloes 
and  antelopes  that  once  roamed  over  these  plains.  Here  and  there  we 
see  a  lake  amid  the  somewhat  barren  surroundings,  but  the  while  in- 
crustations on  the  bowlders  which  line  its  shores  tell  us  too  trnly,  what 
our  taste  confirms,  that  its  waters  are  brackish,  mostly  unfit  for  the  use 
of  man  or  beast;  a  few  fresh- water  lakes  are  found,  but  these  are  rare. 
Another  feature,  which  causes  us  to  have  doubtful  forebodings  of  the 
distant  future,  is  the  frequency  of  what  are  significantly  termed  "dry 
lakes.''  These  are  the  dry  and  parched  basins  wUere  but  a  compara- 
tively few  years  past  lakes  existed,  not  in  the  distant  geological  past, 
but  in  several  instances  within  the  memory  of  those  now  living.  The 
surface  of  the  country  between  the  valley  of  Red  Eiver,  on  the  east, 
and  Missouri  River,  on  the  west,  may  be  described,  in  general  terms,  as 
consisting  of  high,  rolling  prairies,  intersected  by  the  valleys  of  a  few 
streams  which  run  south.  But  this  general  contour  is  interrupted  by 
two  elevated  plateaus,  which  sUind  high  above  the  general  level  as 
monuments  reared  by  the  vast  aquatic  forces  of  the  past,  as  if  to  give  as 
some  idea  of  their  stupendous  power.  The  smaller  of  these  elevated 
plains,  the  Coteau  des  Prairies,  extends  from  a  point  about  forty  miles 
west  of  the  north  end  of  Lake  Traverse,  latitude  46^  and  longitude 
970  30',  southward,  expanding  and  somewhat  dividing  toward  its  south- 
ern extremity.  The  western  arm  of  this  southern  extension  encroaches 
close  upon  James  River  Valley,  about  latitude  410  15/^  where  it  ends; 
the  other  arm  reaches  southeast,  passing  down  on  the  east  side  of  tbe 
head- waters  of  Big  Sioux,  and  gradually  fades  out  in  the  southwest 
corner  of  Minnesota.  The  elevation  of  its  surface  averages  neiirly  2,000 
feet  above  the  level  of  the  sea,  varying  from  1,860  feet  to  2,040  feet, 
showing  a  rise  above  the  plains  east  of  it  of  about  800  feet  and  above 
the  valley  west  of  it  of  700  feet 

The  other  plateau  is  the  Coteau  of  the  Missouri.  This  hugs  the  val- 
ley and  follows  the  course  of  the  Missouri  northward  from  Fort  Sully  to 
the  great  bend  of  the  river  near  the  mouth  of  the  Yellowstone,  Here  it 
recedes  and  extends  in  a  northwest  direction  into  British  Possessions, 
where  it  gradually  fades  out  and  is  lost  It  varies  in  width  from  thirty  to 
fifty  miles  and  in  height  from  1,800  to  2,200  feet  above  the  sea;  but  the 
surface  is  more  irregular  thau  that  of  the  other  coteau,  portions  of  it 
rising  as  much  as  200  feet  above  the  general  average.  The  general  ele- 
vation corresponds  very  closely  with  that  of  the  Coteau  des  Prairies, 
showing  very  clearly  some  relation  between  the  origin  of  the  two.  On 
each  are  numerous  small  lakes,  mostly  imx>regnated  more  or  less  with 
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saline  matter,  and  at  many  points  on  each  bowlders  are  qnite  plenty.  So 
much  so  is  this  the  case  with  the  Coteau  of  the  iVIissouri  that  Mr. 
Skinner  remarks,  in  regard  to  the  section  where  his  line  crossed  it,  that 
"it  is  very  stony.''  This  elevated  plain  will  furnish  us  with  the  explan- 
ation of  the  grreat  bend  of  the  Missouri  in  the  northwest  part  of  Dakota, 
and  its  direction  southeast  from  that  point. 

Pembina  Mountain,  which  is  situated  within  the  belt  now  under  con- 
sideration, and  near  the  international  boundary-line,  is  nothing  more 
than  an  elevated  plateau,  similar  in  character  to  those  already  described, 
but  much  smaller. 

I  may  remark  here  that  the  country  northward,  even  as  far  as  the 
Siiskatchewan,  along  this  meridional  belt,  preserves  about  the  same 
character  that  we  see  exhibited  in  Dakota.  I  was  at  first  under  the 
ini|)ression  that  when  we  entered  the  valley  of  the  Assiuiboine  we  would 
find  a  section  supplied  with  more  moisture  and  ranker  vegetation  than 
further  south,  but  from  information  received  from  persons  who  have 
loug  lived  in  that  region  I  am  satisfied  it  is  but  a  repetition  of  the  type 
\re  see  along  the  northern  border  of  Dakota. 

Recurring  again  to  the  vertical  topography,  I  would  call  attention  to 
the  fact  that  after  we  leave  the  valleys  of  Red  and  Minnesota  Rivers  we 
notice  a  gradual  westward  ascent,  and  in  order  to  obtain  a  correct  idea 
of  these  slopes  I  estimate  by  the'lowest  water-levels,  whenever  these 
can  be  obtained,  and  where  they  are  wanting  I  use  the  lowest  land- 
levels,  or  such  as  represent  the  average  elevations  of  extensive  plains 
or  valleys.  Following  this  rule  we  find  that  the  ascent  along  the  North- 
ern Pacific  Bailioad,  west  from  Red  River  to  the  Missouri  River,  averages 
a  little  over  4  feet  to  the  mile.  From  Lake  Traverse  to  the  Missouri 
Biver,  at  Fort  Sully,  the  average  ascent  is  not  more  than  2  feet  to  the 
mile,  and  from  the  bend  of  Minnesota  River  to  the  Missouri,  at  the 
mouth  of  BijQ^  Sioux,  it  is  not  more  than  1^  feet  to  the  mile :  but  in  this 
case  the  land  ascent,  until  we  reach  Le  Mars,  is  about  2  feet  to  the  mile. 

The  plains  immediately  east  of  Cheyenne  River,  and  between  it  and 
James  River,  and  west  of  the  latter  to  the  Coteau  of  the  Missouri,  have 
an  average  elevation  of  about  1,450  feet  above  the  sea,  and  from  90  to 
150  feet  above  the  streams  which  traverse  this  region. 

Devd's  Lake  appears  to  be  situated  on  a  plateau  or  swell  forming  the 
divide  between  the  Cheyenne  River  and  the  northern  tributaries  of  Red 
River. 

It  has  an  elevation  of  1,407  feet  above  the  sea,  or  about  100  or  150 
feet  ahove  the  level  of  Cheyenne  River  at  the  point  immediately  oppo- 
site. But  it  is  a  general  rule,  as  I  have  before  stated,  that  the  lakes  in 
the  prairie-portion  of  the  Northwest  are  situated  on  the  divides  between 
the  streams.  Lake  Eckelson,  on  the  line  of  the  Northern  Pacific,  be- 
tween Cheyenne  and  James  Rivers,  has  an  elevation  of  1,418  feet  above 
the  sea — very  nearly  the  same  as  Devil's  Lake — 188  feet  above  Chey- 
enne River,  and  25  feet  above  James  River. 

The  leading  ridges  and  land-swells,  so  far  as  my  observations  in  the 
southern  and  northern  part  of  the  Territory  have  extended,  appear  to 
run  nearly  north  and  south,  the  direction  being  slightly  west  of  north 
and  east  of  south.  But,  as  will  be  seen  by  reference  to  a  map  of  the 
country,  this  corresponds  with  the  general  direction  of  the  streams; 
and,  as  the  drainage  is  southward  from  latitude  48^,  we  may  ini'er  that 
there  is  a  gradual  descent  southward  as  well  as  eastward.  No  sufficient 
data  have  yet  been  obtained  for  determining  accurately  the  rate  of  this 
descent  to  the  south,  yet  we  may  approximate  to  it  from  the  following 
items:  James  River,  at  the  crossing  of  the  Northern  Pacific,  (latitude 
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4GO  52',)  is  1,393  feet  above  the  sea,  and  at  the  point  where  Mr.  Skin- 
ner's line  crossed  it — about  latitude  45^  28' — it  is  1,2G7  feet  above  the 
sea.  This  would  give  an  average  descent  along  this  valley  of  a  little 
less  than  1  foot  to  the  mile.  Missouri  River,  at  Fort  Union,  has  an  ele- 
vation of  1,970  feet;  at  the  mouth  of  Heart  River,  1,700  feet,  and  at 
Fort  Sully,  1,398  feet.  Using  these  figures  and  calculating  the  distance 
moved  directly  south,  we  find  the  descent  to  be  about  2  feet  to  the  mile, 
or  140  feet  to  the  degree  of  latitude.  These  figures  would  indicate  that 
the  elevation  of  the  river  at  Yankton  is  About  1,050  feet  above  the  sea; 
but  this  estimate  is  probably  a  little  too  low,  as  the  rate  of  descent 
doubtless  decreases  as  we  move  eastward  and  probably  as  we  move 
southward ;  1,130  feet  wonld  likely  be  nearer  the  correct  figure. 

Another  point  in  regard  to  the  level  of  these  leading  streams  worthy 
of  consideration  is  the  difference  between  them  at  the  same  latitude. 
At  latitude  46°  50'  the  Missouri  is  1,700  feet  above  the  sea;  the  James, 
1,393 ;  and  Red  River,  900.  At  latitude  45°  30'  the  Missouri  is  (about) 
1,510,  while  James  River  is  but  1,200 ;  yet  the  difference  in  longitude 
between  the  two  is  about  the  same  at  this  lower  point  that  it  was  at 
the  upper,  each  having  moved  eastward,  in  this  distance,  about  half  a 
degree. 

Passing  west  of  the  Missouri  we  have  only  to  look  at  the  map  to  learn 
the  direction  of  the  descent,  all  the  tributaries  which  flow  into  it  below 
the  Little  Missouri,  as  has  before  been  stated,  having  an  almost  directly 
eastern  course ;  but  sufficient  data  have  not  been  obtained  to  give  the 
vertical  topography  of  this  western  section. 

If  we  enlarge  our  area,  and  include  all  north  of  Kansas  River  and 
west  of  the  Mississippi  as  far  as  the  one  hundred  and  first  meridian,  and 
compare  the  elevations  of  points  corresponding  in  longitude  along  the 
different  lines  running  west  from  the  Mississippi,  we  will  obtain  a  pretty 
correct  idea  of  the  topography  of  the  Northwest,  as  estimated  from  the 
lower  or  water  levels.  It  is  true  that  this  will  not  enable  us  to  form  any 
idea  of  the  higher  intermediate  points  or  the  surface-contour,  but  know- 
ing, as  we  do,  that  there  are  no  elevated  ridges,  no  prominent  peaks  or 
rugged  portions,  the  general  slopes  form  the  most  important  topograph- 
ical feature. 

First.  Along  the  line  of  the  Northern  Pacific  Railroad,  which  corre- 
sponds very  nearly  with  the  forty-seventh  parallel  of  latitude :  the  Mis- 
sissippi at  Brainard,  1,205 ;  Red  River  at  Moorhead,  903 ;  James  River 
at  the  crossing,  1,393 ;  and  the  Missouri,  at  th^  mouth  of  Heart  River, 
1,700  feet  above  the  level  of  the  sea. 

Secondly.  Along  a  line  running  from  Saint  Paul,  by  way  of  Lake  Trav- 
erse to  Fort  Sully,  which,  though  bending  considerably',  w^e  may  consider 
as  corresponding  with  the  forty  fifth  parallel  of  latitude:  the  Missis- 
sippi at  Saint  Paul,  680 ;  Lake  Traverse,  960 ;  James  River,  at  the  poiut 
where  Mr.  Skinner  crossed  It,  1,260 ;  Missouri  River,  at  Fort  Sully, 
1,398. 

Thirdly.  Along  aline  from  Davenport, by  way  of  Omaha  and  the  Union 
Pacific  Railroad,  corresponding  very  nearly  with  the  forty-first  parallel : 
the  Mississippi,  at  Davenport,  528;  the  Missouri,  at  Omaha,  966;  Lone 
Tree,  on  the  line  of  the  Union  Pacific,  1,686 ;  and  North  Platte  Station, 
on  the  same  line,  2,789. 

Fourthly.  On  a  line  running  from  Saint  Louis  westward  along  the  Kan- 
sas Pacific  Railroad,  and  corresponding  with  the  thirty-ninth  parallel: 
the  Mississippi,  at  Saint  Louis,  375 ;  State-line,  at  the  mouth  of  Kansas 
River,  648 ;  Fort  Harker,  on  the  Kansas  Pacific,  1,484 ;  and  Buffalo,  on 
the  same  line,  2,678. 
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The  following  d«ita  may  be  added  as  corresponding  with  tbe  forty- 
third  parallel :  the  Mississippi,  at  Dubuque,  580;  the  Missouri,  at  Sioux 
City,  1,093. 

By  selecting  in  succession  the  corresponding  elevation  from  these  dif- 
ferent lines,  we  will  obtain  the  vertical  topography  along  four  ditferent 
meridians,  beginning  in  each  case  at  tbe  north  and  running  south,  one 
or  two  additional  numbers  being  introduced  where  it  is  possible  to  ex- 
tend the  line. 

The  line  of  the  MississippL — Rainy  Lake,  1,035 ;  the  divide  between 
the  Rainy  Lake  and  Mississippi  Basins,  (about)  1,700 ;  Leech  Lake,  1,330 ; 
Braiuard,  1,205  ;  Saint  Paul,  OSO;  Dubuque,  580;  Davenport,  5.8;  Saint 
Louis,  375. 

Along  a  line  corresponding  very  nearly  with  the  ninety-sixth  meridian, — 
Pembina,  700  ;  Moorhead,  903 ;  Lake  Traverse,  966 ;  Sioux  City,  1,093 ; 
Omahn,  966  ;  mouth  of  Kansas  River,  648. 

Along  or  near  tJie  ninety-eighth  meridian. — Devil's  Lake,  1,467 ;  James 
River, at  the  North  Pacific  crossing,  1,393;  same  river,  at  Skinnei^s  crosa^ 
ing,  1,260;  the  Alissouri,  at  Yankton,  (about)  1,130;  Lone  Tree,  on  the 
Union  Piicific  road,  1,636 ;  Fort  Marker,  on  the  Kansas  Pacific  road, 
1,484. 

Along  or  near  the  one  hundred  atid  first  meridian. — ^The  Missouri,  at  the 
mouth  of  Heart  River,  1,700 ;  the  same  river,  at  Fort  Sully,  1,398 ;  North 
Platte  station,  on  the  Union  Pacific  road,  2,789 ;  Buffalo  station,  on  4;he 
Kansas  Pacific  road,  2,678. 

It  is  apparent  from  these  figures  that  the  plain  or  plateau  from  which 
the  Upper  Mississippi  gathers  its  waters  is  elevated  considerably  above 
the  region  north  and  northwest  of  it,  and  that  it  is  separated  from  the 
western  plains  of  Dakota  and  South wectern  Minnesota  by  the  much 
lower  valleys  of  Red  and  Minnesota  Rivers. 

In  passing  south  along  the  ninety-sixth  meridian,  which  corresponds 
very  nearly  with  the  line  of  Red  River,  after  passing  Lake  Traverse, 
we  do  not  again  descend  to  the  same  level  until  we  reach  Omaha,  on  the 
Missouri  River,  showing  that  the  waters  of  the  Big  Sioux  are  gathered 
from  a  plain  elevated  considerably  above  the  level  of  Lake  Traverse. 
It  is  therefore  evident,  as  heretofore  stated,  that  there  is  a  broad  and 
somewhat  elevated  swell  extending  southeast  from  the  Cotean  des 
Prairies,  which,  though  spreading  out  into  broad  and  apparently  level 
prairies,  continues  for  a  considerable  distance  into  Northwestern  Iowa. 

Another,  and  perhaps  the  most  important,  fact,  learned  from  the  fig- 
ures along  these  north  and  south  lines  is  that  the  plains  of  Nebraska 
aud  Kansas,  after  we  have  passed  a  short  distance  into  the  interior,  are 
more  elevated,  and  more  rapidly  ascending  (westward)  than  any  ])ortion 
of  Dakota  east  or  northeast  of  the  Missouri;  in  other  words,  that  as 
we  mo\'e  northward — say,  for  example,  along  the  one  hundred  and  first 
meridian — we  descend,  and  this  descent  continues  far  into  the  British 
Possessions ;  not  that  it  is  by  any  means  uniform,  but  that  as  we  pass 
from  one  plain  to  another,  or  from  one  basin  to  another,  we  descend,  as 
a  general  rule. 

MINNESOTA. 

As  before  indicated,  this  State  consists  of  two  districts  differing 
widely  in  regard  to  the  covering  and  character  of  the  surface,  an<l  also 
with  respect  to  their  agricultural  resources.  The  northeastern  portion, 
embracing  probably  one-third  of  the  entire  area,  being  covered  almost 
entirely  with  coniferous  forests,  is  partially  interrupted  by  bogs  and 
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marsbes.  When  tbe  land  in  this  part  of  the  State  has  boen  denuded 
somewhat  of  its  forest-covering,  and  shall  be  urgently  demanded  for 
agricultural  purposes,  a  large  portion  of  this  marshy  section  may,  aud 
probably  will,  be  rendered  suitable  for  tillage  by  an  extensive  system  of 
drainage;  but  this,  to  be  successful,  will  require  a  large  expenditure  of 
labor  and  money,  and  will  only  be  done  when  it  shall  have  been  deprived 
of  its  valuable  covering  of  timber  and  after  the  more  inviting  agricul- 
tural regions  to  the  west  shall  have  been  fully  occupied.  Notwithstand- 
ing the  somewhat  forbidding  aspect  of  this  section  to  the  eye  of  the 
farmer  who  is  seeking  a  home  in  tbe  West,  yet  it  is  not  impossible  that 
the  day  may  come  when  this,  having  been  thorouerhly  drained,  will  be 
considered  the  richest  agricultural  portion  of  the  State ;  such,  at  least, 
is  the  opinion  of  some,  even  among  those  who  have  no  personal  interest 
in  the  matter.  Its  chief  value  now  is  its  timber;  but  this  is  by  no  means 
a  small  item,  the  lumbering  interest  being  one  of  the  most  im]>ortaut  of 
the  StJite.  The  sections  drained  by  the  head-waters  of  the  Mississippi 
and  Saint  Croix,  as  well  as  the  regions  bordering  Lake  Superior,  are 
clothed  with  immense  forests,  chieHy  of  pine.  Although  the  timber  of 
these  forests  is  very  valuable,  it  must  not  be  supposed  that  the  whole  of 
this  area  is  uniformly  covered  with  timber  that  is  valuable.  As  a  gen- 
eral rule,  so  far  as  my  observations  and  information  extend,  the  swamps 
and  marshes  are  generally  covered  by  tamarack,  of  but  little  value  for 
any  other  purpose  than  fuel  or  fencing,  and  wholly  unfit  for  lumber. 
The  pine,  as  a  general  rule,  is  conlined  to  the  interVv^ninglow  ridges  and 
swells  in  the  marshy  sections,  the  more  broken  areas  around  the  lake^ 
and  the  lighter,  sandy  soils  of  the  valleys  of  the  streams. 

On  the  west  side  of  the  Mississippi  there  is  a  tolerably  broad  and 
lengthy  belt  of  timber,  extending  from  Grow  Wing  Eiver  southward  to 
within  some  sixty  or  seventy-five  miles  of  the  southern  boundary  of  the 
Statt*,  consisting  of  deciduous  trees,  chiefly  oak  and  elm,  with  an  iuter- 
uiixture  of  ash  and  maple.  This  forest-strip  covers  one  of  the  richest 
bodies  of  land  in  the  State,  the  soil  being  a  dark,  rich  loam,  heavily 
mixed  with  vegetable  mold,  and  reminding  one  much  of  the  richest  bot- 
toms in  the  State  of  Missouri.  This  belt  of  timber  is  called  the  "  Big 
Woods,"  and  is  about  one  hundred  miles  in  length  and  forty  miles 
wide. 

Tiie  following  statement  of  the  lumbering  operations  for  1869  and 
1870  will  give  some  idea  of  the  extent  of  this  business  in  Minnesota,  to 
which  if  we  add  that  of  Wisconsin,  (which  is  probably  equal  in  amount 
to  that  of  Minnesota,)  we  will  be  able  to  arrive  at  an  approximate  esti- 
mate of  the  lumber  interests  west  of  Lake  Michigan: 

1809.  1870. 

Saint  Croix,  ffet  of  lojT8 scaled 158,882.454  191,677,776 

Mississippi,  feot  of  logs  scaled 93^,709,030  121,4:Jr,64U 

Total  of  these  two  districts 251,001,484  313,116.410 

Of  the  total  log- crop  of  1870,  there  were  sent  to  market  unniamifaetured, 
feet 137,177,431 

Sent  to  market  as  manafactarcd  lumber,  feet 175, 93*^,  985 

•  ===== 

The  western  and  southwestern  portion  of  the  State,  as  heretofore 
stated,  consists  almost  wholly  of  undulating  prairies,  until  we  reach  the 
flat  and  broad  valley  of  Eed  River. 

In  order  to  convey  as  correct  an  idea  as  possible  of  the  northern  and 
western  portions  of  the  State,  (I  omit  the  southeastern  portion,  as  it  is 
BO  well  known  that  any  description  of  it  is  wholly  unnecessary,)  so  far 
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as  relates  to  the  soil  and  agricultural  resources,  I  cannot  do  better  than 
insert  the  notes  tiikeu  while  passing  along  the  leading  railroad-lines. 

And,  first,  I  insert  the  few  notes  taken  along  the  line  from  Saint 
Paul  to  Duluth. 

For  several  miles  out  of  Saint  Paul  until  after  we  have  passed  a  short 
distance  beyond  White  Bear  Lake,  the  country  is  rolling  and  slightly 
broken,  and,  where  not  in  cultivation,  is  covered  with  oak-groves, 
mostly  bushes  near  the  city,  but  increasing  in  size  after  we  have 
advanced  some  distance  into  the  country.  The  surftice  of  the  coun- 
try here  appears  to  be  knotted  and  pitted,  thus  affording  basins  for  the 
numerous  little  lakes  found  in  the  northern  part  of  this  (Ramsey)  coun- 
ty-, and  in  fact  over  a  considerable  area  in  this  part  of  the  State.  After 
parsing  White  Bear  Lake  a  slight  change  commences  ;  the  conifers  be- 
gin to  appear,  especially  in  the  low  and  swampy  spots;  the  surface 
becomes  more  level,  and  the  aspen  {Populus  tremuloides)  appears  in  fre- 
quent groves,  its  white  bark  forming  a  strong  contrast  with  the  dark 
pines.  About  North  I^ranch  the  country  is  quite  level,  and  is  covered 
with  a  pretty  heavy  growth  of  oak,  which  at  a  distance  resembles  the 
post-oak,  (Q,  obttmioba,)  The  soil  here  also  is  very  good,  having  a  better 
appearance  than  that  previously  passed  over.  Much  of  the  surface  be- 
tween Wyoming  Station  and  this  point  is  marshy,  but  we  should  bear 
in  mind  the  fact  that  the  past  season,  when  I  visited  this  section,  was 
more  than  usually  wet.  From  North  Branch  to  linsh  City  the  surface 
is  level  and  rather  wet,  the  soil  rich,  and  the  timber  heavy,  consisting 
chiefly  of  oak,  elm,  maple,  and  ash.  Occasionally  a  hickory  and  butter- 
nut are  seen,  but  these  are  rare.  Conifers,  in  the  swamps,  are  chiefly 
tamarack  or  black  larch,  [Larix  Americana,)  balsam-flr,  {Abies  Bat- 
Mmea^)  &c. 

From  Pine  City,  on  Snake  River,  northward,  the  pine-forests  prevail, 
and  the  surface  of  the  country  is  more  or  less  damp  and  swampy.  At 
Kettle  River  we  begin  to  meet  with  the  low,  rounded  drift-ridges,  tUe 
soil  consisting  of  a  reddish  sandy  clay,  intermixed  with  small  red  bowl- 
ders; in  many  places  the  sand  appears  to  be  the  chief  ingredient.  At 
this  ))oint,  and  also  at  several  points  along  the  Northern  Pacific,  we  met 
with  the  wild  strawberry  in  fruit,  (July  ^10.) 

As  we  approached  the  junction  with  the  Northern  Pacific  we  were 
met  by  a  cold  northern  misf,  that  compelled  us  to  draw  on  our  overcoats 
and  made  fire  very  comfortable.  From  here  to  Duluth  we  descend  the 
ragged  bluff  that  surrounds  Lake  Superior;  in  going  twenty  miles  we 
make  a  descent  of  nearly  600  teet.  The  dark  waters  of  Saint  Ijouis  River 
rush  down  to  our  right  over  the  ragged  rocks  with  a  deafening  roar, 
plnnging  and  dashing  themselves  into  foam  as  they  leap  from  ledge  to 
leilge  or  drive  through  the  narrow  rugged  gorges,  presenting  a  scene  of 
wildness  and  grandeur.  Whether  it  wi'l  ever  be  utilized  or  not  is  more 
than  I  can  say,  yet  it  is  true  that  here  is  an  immense  water-i)ower. 

It  is  scarcely  within  the  scope  of  my  duties  to  speak  of  the  prospects 
of  any  town  or  city  in  a  commercial  point  of  view,  but  as  Duluth  is 
destined  to  be  the  chief  i)ort  of  the  western  end  of  Lake  Superior,  and  as 
a  matter  of  course  the  principal  shipping-point  of  Minnesota,  so  far  as 
lake-transit  is  concerned,  a  few  remarks  in  regard  to  it  may  upt  be  out 
of  place  here. 

Although  it  will  labor  under  some  material  disadvantages,  yet  it  is 
destined  to  make  a  place  of  considerable  importance.  Its  disadvantages 
are  as  follows:  The  climate  can  by  no  means  be  called  a  favorable  one, 
although  what  I  saw  could  scarcely  be  taken  as  a  fair  sample  of  sum- 
mer weather.    The  winters,  as  1  understand  by  those  who  have  visited 
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this  point  in  search  of  health,  are  by  no  means  as  harsh  and  severe  as 
we  might  suppose ;  but  the  spring  is  unpleasant,  and  the  weather  dar- 
ing this  part  of  the  year  disagreeable.  The  second  disadvantage  is  the 
fact  that  it  cannot  be  said  to  have  any  surroundiiigfarmiugland  to  give 
it  a  local  trade  depending  on  agriculture.  Thirdly,  the  shipping-season 
is  short,  closing  rather  too  early  to  allow  time  to  gather  in  the  crops 
*from  the  distant  sections,  where  they  are  somewhat  late. 

Its  advantages  in  part  are  as  follows :  It  is  the  extreme  western  lake- 
point  of  the  Northwest,  which  is  a  very  important  item  ;  it  is  the  near- 
est point  of  water-communication  with  the  ocean  for  a  very  large  area 
of  country,  viz,  Minnesota,  Dakota,  and  the  grain-districts  of  British 
America  northwest  of  the  lakes ;  it  has  most  excellent  water-power  close 
at  hand,  in  the  Saint  Louis  Kiver;  being  the  only  important  lake-port  of 
Minnesota,  it  must  necessarily  have  the  influence  and  sympathy  of  that 
rapidly-growing  State ;  and,  Anally,  it  is  the  eastern  terminus  of  the 
great  northern  Trans-Continental  Railway,  which  must  make  it  an  im- 
portant point.  These  are  important  advantages,  which  must,  in  spite 
of  the  disadvantages  under  which  it  labors,  ultimately  make  a  city  of 
considerable  size,  and,  so  long  as  this  line  of  road  controls  the  trade  of 
Manitoba  and  other  portions  of  Western  British  America,  give  it  an 
international  character. 

The  following  notes  relate  to  the  country  along  the  Korthern  Pacific 
line : 

After  leaving  the  junction,  as  we  move  westward,  we  enter  along 
stretch  of  marshy  lands,  covered  chiefly  by  forests  of  pine  and  tama- 
rack, and  this  continues,  with  but  little  variation,  until  we  reach  Aiken. 
Here  we  notice  a  change  in  the  surface  and  character  of  the  land ;  the 
soil  also  shows  a  variation  from  that  eastward.  The  surface  becomes 
slightly  undulating,  the  sub  soil  more  sandy  and  mixed  with  gravel ; 
oak  also  begins  to  make  its  appearance;  and  although  there  is  occasion- 
ally a  swamp,  yet  the  country  westward  from  here  to  Brainard  may  be 
fairly  classed  as  agricultural.  The  timber  between  these  points  is 
chiefly  pine ;  yet  there  is  a  slight  intermixture  of  oak,  elm,  and  aspen, 
and  occasionally  an  ash.  A  short  distance  before  reaching  Brainard 
we  enter  upon  a  sandy  level,  which  continues  to  the  Mississippi,  and  is 
repeated  for  some  distance  on  the  west  side.  The  soil  here,  notwith- 
standing its  sandy  character,  is  rich  and  productive,  and  will  doubtless 
produce  heavy  crops  of  cereals.  The  Mississippi  cuts  its  way  through 
this  level  in  a  deep  channel  like  a  large  canal,  without  low  bottoms. 
After  crossing  to  the  west  side  we  pass  for  some  distance  over  a  sandy 
level  covered  with  an  open  pine-forest ;  in  a  few  miles  the  soil  gradually 
changes  to  a  darker  hue,  and  we  occasionally  meet  with  wet  and  marshy 
spots,  in  which  the  ominous  tamarack  makes  its  appearance.  Occasional 
broau  low  ridges  now  begin  to  be  seen,  clothed  with  deciduous  trees, 
chiefly  oak,  elm,  ash,  and  bass-wood ;  the  soil  is  good,  and,  with  the  ex- 
ception of  a  few  points,  will  make  excellent  farming-lands.  After  leav- 
ing the  sandy  region  the  soil  is  mixed  with  clay  and  gravel.  A  short 
distance  east  of  Wadena  the  surface  becomes  slightly  undulating  and 
somewhat  destitute  of  timber,  being  partially  covered  with  oak-bushes, 
which  fade  out  as  we  enter  upon  the  prairie-region ;  the  surface-soil  is 
quite  rich*. 

From  Leaf  River  westward,  for  some  fifteen  or  twenty  miles,  we  pass 
through  a  section  alternating  with  low,  broad  ridges,  and  wet,  narrow 
bottoms  or  "slashes,''  the  ridges  being  composed  almost  wholly  of 
gravel,  though  the  surface-soil  is  a  rich  mold,  and  mostly  covered  with 
mixed  timber,  including  an  occasional  large  pine  i  but  this  tree  is  now 
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rapidly  disappearing  as  we  move  westward.  As  we  approaeli  Hobart 
Statiou  we  enter  ui>on  a  beautiful  unduluting  prairie,  with  a  dark,  rich 
surface-soil,  but  I  noticed  here  that  it  is  underlaid  with  a  heavy  gravel- 
dei)osit,  which  even  a  single  furrow  of  the  plow  exposes  to  view.  As 
we  move  on  the  surface  becomes  slightly  more  rolling,  not  broken,  but 
gracefully  rounded  into  hillocks,  ridges,  and  valleys,  with  here  and 
there  gi^oves  of  oaks  on  the  hillocks  and  along  the  banks  of  the  streams. 
We  are  now  in  that  section  which  I  have  heretofore  spoken  of  as  being 
the  prettiest  portion  of  the  State,  a  description  of  which  need  not  be 
repeated  here.  This  beautiful  undulatiug  prairiebelt,  with  its  green 
sward,  occasional  oak  grov^es,  (but  these  gradually  disappear  after  we 
pass  Detroit  Lake,)  and  numerous  clear  lakelets  continue  until  we  begin 
to  descend  the  divide  into  the  valley  of  Eed  River.  The  soil  is  a  rich, 
dark  loam  ;  the  subsoil  appears  to  be  composed  generally  of  gravel  and 
clay,  with  a  marlj'  appearance,  mixed  with  bowlders,  the  former  decreas* 
ing  and  the  latter  increasing — in  proportion — as  we  move  westward. 
The  bowlders  are  mostly  gray  or  red  granite,  though  some  of  other 
rocks  were  seen. 

I  may  remark,  in  passing,  that  I  noticed  the  cuts  through  this  billy 
portion  very  carefully,  to  see  if  there  was  any  evidence  of  stratified 
rocks  or  rocks  of  any  kind  in  position ;  but  no  sign  of  such  rocks  were 
seen.  At  some  points  there  are  large  accumulations  of  bowlders,  but  all 
these  hills  and  the  entire  surface-material  for  a  considerable  depth  are 
evidently  drift- 

Tbe  descent  to  the  valley  of  Red  River  is  very  gradual  along  the  line 
of  the  road,  but  from  the  valley  it  is  very  apparent,  rising  up  in  the 
form  of  a  sloping  blutf.  It  is  unnecessary  to  repeat  the  description  of 
this  valley ;  the  surface-soil  is  black  muck  some  4  to  6  feet  deep,  the 
first  2  feet  being  filled  with  a  matted  mass  of  grass-roots;  the  subsoil, 
as  will  be  seen  from  the  following  record  of  the  boring  for  an  Artesian 
▼ell  at  Fargo,  is  blue  clay,  which  is  very  tenacious.  The  margins  of 
the  streams  in  this  valley  are  lined  with  a  narrow  strip  of  timber,  chiefly 
oak,  with  some  elm. 

The  following  is  the  record  of  the  boring  of  the  Artesian  well  at 
Fargo,  so  far  as  it  had  penetrated  at  the  time  I  last  visited  that  point, 
(September  3,  1872 :) 

Feet. 

Soil 3 

Whiteand  yellow  (or drab)  clay 50 

Fiuedark  clay 42 

Small  stone  and  gravel * 10 

Hud  clay  ("  hard  pan  ")  mixed  with  gravel  and  bowlders 115 

Soft,  dark-blue  shale 32 

Coane  sand-rock 6 

Soapsione 4 

After  piercing  the  sand-rock  water  rose  to  within  some  10  or  12  feet 
of  the  surface,  with  an  apparently  good  supply.  The  depth  of  the  well 
at  that  time  was  262  feet,  and  the  boring  had  stopped  with  little  pros- 
pect then  of  being  continued,  as  Mr.  Barker,  superintendent  of  the  work, 
thought  it  useless  to  go  farther,  it  being  his  opinion  that  the  next  rock 
will  be  the  igneous  or  metamorphic.  As  will  be  seen  from  this,  one 
drawback  in  this  rich  valley  is  the  difficulty  of  obtaining  a  Supply  of 
water. 

The  next  line  passed  over  in  Minnesota  was  that  leading  from  Saint 
Paul  to  Breckenridge — ^a  branch  of  the  Saint  Paul  and  Pacific — a  distance- 
of  two  hundred  and  seventeen  miles.  The  following  is  an  abstract  of 
the  notes  taken  at  the  time  I  passed  over  this  road : 
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From  Saint  Paul  to  Lake  Minnetonka  the  laud  is  rolling  and  somewhat 
broken  and  sparsely  covered  with  small  oaks.  There  are  here,  as  on 
vhe  east  side,  a  number  of  small  lakes,  but  I  noticed  several  small  basins 
which  appear  to  have  contained  formerly  small  lakes,  but  which  are  now 
only  empty  basins.  After  we  pass  this  point  the  country  is  less  hilly, 
though  still  slightly  rolling;  the  soil  is  generally  rich  and  quite  fertile; 
the  forests  are  heavy,  and  timber  large,  chiefly  oak,  elm,  and  ash,  with 
some  maple  and  aspen.  Of  the  oak  there  are  two  or  three  species,  among 
which  I  noticed  what  I  supposed  to  be  the  burr-oak  or  over-cup  (y. 
macrocarpa)  and  the  scarlet  oak,  (Q.  coccinea])  but  I  may  have  been  mis- 
taken as  to  the  species.  As  I  have  heretofore  remarked,  this  timber- 
section  has  a  very  dark,  rich  soil,  very  little  of  it  being  interrupted  by 
swamps  or  too  wet  for  cultivation.  I  noticed  here  both  white  and  red 
clover  growing  luxuriantly.  The  few  swampy  flats  seen  were  generally 
clothed  with  the  gloomy  tamarack.  These  characteristics  continue 
until  we  come  near  to  Darwin,  where  we  enter  upon  a  somewhat  oi>eu 
country,  having  a  prairie-like  appearance,  though  we  have  not  yet 
emerged  upon  the  true  prairies.  The  surface-soil  is  still  dark  and  rich, 
and  the  surface  slightly  undulating,  but  the  subsoil  where  exposed 
begins  to  show  a  heavy  intermixture  of  gravel.  At  Darwin,  or  rather 
a  short  distance  beyond  it,  we  enter  upon  the  prairies,  though  a  consid- 
erable body  of  timber  can  still  be  seen  to  the  north.  The  surface  here 
is  somewhat  undulating,  but  less  broken  than  at  the  corresponding 
point  on  the  Northern  Pacific  line ;  there  are  also  here  scattered  over 
the  country  numerous  small  lakes,  indicating  an  approach  to  the  divide 
between  basins.  The  subsoil  is  still  gravelly,  but  this  character  ap[>ear8 
to  be  gradually  disappearing  as  we  move  westward.  When  we  reach 
Morris  we  enter  upon  a  level  plain,  which  continues  without  interruption 
to  Red  River ;  it  is,  in  fact,  an  expansion  of  the  valley  of  that  river, 
and  as  far  north  and  south  as  the  eye  can  reach  the  same  unvarying 
level  is  seen ;  and  here  for  forty  miles  is  a  line  of  railroad  as  straight 
horizontally  and  vertically  as  possible  to  make  it,  without  a  cut  or  fill 
worthy  of  mentioning.  The  soil  is  much  the  same  as  at  Glyndon,  on 
the  Northern  Pacific;  in  fact,  there  is  but  little  variation  in  the  char- 
acter of  this  valley  its  entire  length.  I  am  satisfied  that  along  the  Saint 
Paul  and  Pacific  Railroad  nine-tenths  of  the  land  can  be  cultivated  and 
will  yield  abundant  crops  of  such  cereals  as  are  adapted  to  the  climate. 
And  I  may  be  allowed  to  digi'ess  here  for  a  moment  to  give  an  idea  of 
the  future  prospects  of  this  road  from  the  grain-trade. 

Take  the  length  in  round  numbers  at  two  hundred  miles  and  a  strip 
twenty  miles  wide,  giving  an  area  of  four  hundred  square  miles,  or 
2,560,000  acres ;  deduct  one-fifth  as  unfit  for  cultivation,  and  suppose 
one-half  of  the  remainder  to  be  annually  planted  in  wheat,  1,021,000 
acres,  at  17  bushels  to  the  acre,  (the  average  yield  in  Minnesota,) 
amounts  to  17,408,000  bushels.  Allowing  400  bushels  to  the  car,  it  would 
take  43,520  cars,  or  six  trains  per  day  of  24  cars  to  the  train,  (300  days 
in  the  year,)  to  move  this  immense  yield  of  but  a  twenty-mile  strip  of 
country.  As  a  matter  of  course,  it  is  not  probable  that  this  proportion 
of  the  land  will  ever  be  cultivated  in  small  grain,  but  certainly  these 
figures  do  not  overestimate  its  capability,  and  give  us  an  idea  of  the 
bread-producing  resources  of  this  portion  ot  the  West.  It  is  true  the 
ratio  assumed  will  not  apply  generally,  but  with  a  moderate  deduction  it 
will  apply  to  the  western  half  of  Minnesota,  the  greater  portion  of  Iowa, 
a  considerable  area  in  Southeastern  Dakota,  and  Eastern  Nebraska. 

I  should  have  stated  that  at  Morris,  on  this  line,  there  is  a  flowing 
well  of  good  water.    The  well  was  being  dug  for  ordinary  purposes,  and 
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bad  reached  a  depth  of  aboat  30  feet,  when  suddeuly  the  water  broke 
in  u\H>n  the  workmen,  who  escaped  with  difficulty.  The  water  rose 
rapidly  to  the  surface  and  has  been  flowing  freely  ever  since  that  time. 

If  we  follow  a  line  from  Saiut  Paul  to  the  southwest  corner  of  the 
State  we  find  the  country  somewhat  similar  to  that  toward  Breckeu- 
ridge.  It  is  broken  and  timbered  until  we  reach  Crystal  Lake,  rather 
more  so  than  toward  the  northwest.  This  strip  of  timber  belongs  to  the 
Big  Woods,  and  consists  of  deciduous  trees,  such  as  oak,  elm,  ash,  &c. 
After  passing  this  point  we  enter  upon  a  beautiful  undulating  prairie- 
section,  devoid  of  timber,  except  the  little  strips  along  the  banks  of  the 
streams,  which  continues  to  and  beyond  the  southwestern  border  of  the 
State.  The  soil  is  of  an  excellent  quality,  and  the  subsoil  is  generally 
more  or  less  mixed  with  a  kind  of  finely-comminuted  marl,  though  at 
some  iK)ints  it  is  composed  in  great  part  of  clay.  There  are  some  small, 
clear  lakes,  but  the  surface  is  seldom  marshy,  the  entire  area  as  a  gen- 
eral thing  being  susceptible  of  cultivation. 

The  following  statistics,  taken  from  the  ^^  Statistics  of  Minnesota  for 
1870,"  published  by  authority  of  the  State,  will  give  an  idea  of  the 
amount  and  character  of  its  agricultural  products : 

Crops  op  1869. 


Product. 


Wheat 

Oate 

Corn 

Btrley 

Rve 

Buckwheat 
Potatoes . . . 
fieans  


Acres  cultivated. 


1, 006, 007 

276, 487 

147, 587 

.35, 201 

4,  ()32 

8,023 

21,U>6 

1,910 


Bushels  produced. 


17, 660, 407 

10,510,909 

4,519,1-20 

938, 466 

75, 628 

51,025 

1,580,431 

29, 002 


Sorghum,  gallons 35,144 

Ibple-sagar,  pounds 205, 702 

Mttple-symp,  gallons 14, 815 

Honey,  pounds 93, 651 

Hay.  wUd,  tons 532,183 

Hay,  cultivated,  tons 69, 129 

Hops,  pounds 28;),  3*)5 

Wool,  pounds 382,902 

Batter,  pounds 6,552,455 


Cheese,  pounds 321,969 

Apple-trees  growing 316, 552 

Apple-trees  in  bearing 20, 800 

Bushels  of  apples  produced 9, 932 

Quarts  of  strawberries  grown...  148,024 

Timothy-seed,  bushels 2, 279 

Flax,  pounds  of  fiber 15, 106 

Flaxseed,  bushels 7,801 


Average  yield  offleld-crope  per  acre* 


Banheln. 

Wheat 17.55 

OaU 37.74 

Com 30.62 

Barley 26.92 


Bnshels. 

Rye 16.32 

Potatoes 74.70 

Buckwheat 16.83 

Beaus 15. 17 


It  is  not  probable  that  any  considerable  progress  will  be  made  in  fruit- 
growing, as  it  is  evident  that  the  climate  is  too  rigorous  for  the  profit- 
able growing  of  any  varieties  except  the  most  hardy  small  fruits,  as 
strawberries,  currants,  gooseberries,  &c. 

As  before  stated,  the  consideration  of  the  climate  is  reserved  for  a 
future  report,  which  will  be  devoted  to  this  subject. 

DAKOTA. 

This  Territory  has  been  so  recently  settled,  except  a  small  section  in 
the  southeast  corner,  that  but  little  can  be  said  as  to  its  agricultural 
prospects,  save  what  we  can  infer  from  an  inspection  of  its  surface  and 
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Boil,  added  to  the  slight  knowledge  we  possess  of  its  climate.  And  here 
the  last  item  becomes  important  in  this  estimate,  as  it  is  known  that  the 
line  of  sof&cient  rain  fall  is  found  within  its  borders. 

It  possesses,  probably,  the  smallest  amount  of  timber  of  any  State  or 
Territory  in  the  Union,  the  forests  bearing  a  ratio  of  not  more  than  3  to 
5  per  cent,  to  the  entire  area,  and  even  this  ratio  is  obtained  by  adding 
the  amount  supposed  to  be  in  that  part  of  the  Black  Hills  within  its 
boundary. 

With  the  exception  of  the  west  side  of  Red  River  Valley  and  the  sar- 
face  of  the  coteaus^  the  whole  of  that  portion  east  of  the  Missouri 
(which  is  the  only  part  I  shall  allude  to  here)  consists  of  elevated, 
undulating  prairies,  very  similar  in  character  to  the  plains  of  the  central 
and  western  portions  of  Nebraska  and  Kansas.  The  streams,  as  a  gen- 
eral thing,  run  through  deep  and  narrow  valleys,  having  but  a  small 
amount  of  water  in  them,  and  the  fall  being  insufficient  to  carry  the 
water  upon  the  bordering  uplands ;  hence,  as  a  rule,  in  the  northern  and 
central  portion,  if  the  rain-fall  should  prove  insufficient  for  agricultural 
purposes,  there  is  but  little  hope  of  redeeming  any  portion  by  irrigatioUi 
except  the  narrow  valleys  which  the  streams  traverse. 

As  a  general  rule  the  soil  is  good,  and  where  there  is  a  sufficiency  of 
moisture  there  is  no  reason  why  good  crops  cannot  be  raised ;  but  I  have 
very  strong  doubts  on  this  point,  except  for  the  southeast  portion  and  a 
narrow  belt  along  the  eastern  border. 

The  following  notes,  taken  down  while  crossing  from  Fargo,  on  Red 
River,  to  James  River,  along  the  line  of  the  Northern  Pacific  Railroad, 
will  convey,  I  believe,  a  fair  and  correct  idea  of  this  section  of  the  Ter- 
ritory, the  fact  being  borne  in  mind  that  1872  was  a  more  than  usually 
wet  season. 

For  about  eighteen  or  twenty  miles  the  surface  is  very  flat,  being  the 
west  half  of  Red  River  Valley,  and  corresponding  in  appearance  with 
that  on  the  east  side.  The  soil  is  also  verv  similar  to  that  on  the  east 
side,  the  only  difterence  noted  being  that  here,  after  leaving  the  river 
for  a  short  distance,  it  becomes  more  or  less  impregnated  with  alkali, 
which  is  quite  apparent  where  the  sod  has  been  turned  or  a  cut  made; 
yet  I  do  not  think  this  is  sufficient  in  quantity  to  injure  any  of  the  ordi- 
nary crops,  for  I  have  learned  from  my  observations  in  Colorado  and 
Utah  to  look  upon  the  presence  of  a  modemte  quantity  of  alkali  in  the 
soil  with  much  less  serious  apprehensions  than  formerly. 

Passing  westward  beyond  the  valley  we  gradually  rise  to  an  undu- 
lating prairie,  which  becomes  more  rolling  and  slightly  broken  until  we 
reach  the  second  crossing  of  Cheyenne  River.  Although  this  section  is 
evidently  drier  and  not  so  rich  as  the  Red  River  Valley,  yet  I  think, ex- 
periment will  show  that  it  is  tolerably  good  agricultural  land  and  that 
the  amount  of  moisture  is  sufficient  lor  ordinary  crops.  But  already 
this  troublesome  question  makes  its  appearance ;  already  we  see  the 
grass  growing  much  shorter  and  beginning  to  assume  that  peculiar 
character  so  well  known  on  the  western  plains.  Still  I  think  this  strip 
as  far  as  the  second  crossing  of  the  Cheyenne  may  be  properly  classed 
with  the  lands  suitable  for  farming  purposes.  The  valley  of  the  Cheyenne 
is  quite  narrow,  affording  but  a  small  amount  of  tillable  land  and  a 
very  narrow  strip  of  timl^r.  After  passing  this  valley  there  is  a  con 
siderable  rise  before  reaching  the  general  prairie-level  beyond.  1  notice 
here,  where  the  railroad-cuts  have  exposed  the  subsoil,  that  it  is  chiefly, 
I  might  say  entirely,  compact  drab  clay,  of  considerable  depth.  The 
surface  of  the  country  on  the  west  side  is  undulating,  dotted  here  and 
there  with  lakes,  most  of  which  are  strongly  alkaline  or  saline,  their  peb- 
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My  shores  being  frosted  over  with  the  alkaline  deposit.  Lake  Eekelson, 
which  is  some  six  or  eight  miles  long,  and  from  one-fourth  of  a  mile  to 
one  mile  wide,  is  the  largest  in  this  immediate  section ;  its  waters  are 
brackish,  apparently  more  saline  than  alkaline. 

Here  we  also  meet  with  a  phenomenon  which  leaves  a  very  unfavora- 
ble impression  uiK)n  the  mind  in  regard  to  the  climate  in  this  section. 
I  allude  to  what  are  called  "  dry  lakes,^  the  dry  basins  where  lakes  for- 
merly existed,  but  which  have  in  a  few  years  past  dried  up  from  some 
cause  not  yet  fully  explained.  As  I  have  before  stated,  the  fact  should 
be  borne  in  mind  that  1872 — the  time  of  my  visit  to  this  region — was 
anosually  wet.  I  mean  by  this  expression  simply  to  state  that  the 
amount  of  rain  which  fell  during  the  spring  and  summer  was  more  than 
the  average  amount. 

Not  only  did  I  find  these  dry  lakes  entirely  devoid  of  water,  but  the 
nirface  of  the  sediment  which  had  been  deposited  by  the  water  was 
dry  and  powdery  and  strongly  alkaline.  Even  the  lakes  which  contain 
water  appear  to  be  getting  lower  and  lower,  if  we  judge  by  the  water- 
lines  along  the  shores.  And  this  calls  to  mind  another  fact  bearing 
upon  the  condition  of  the  climate,  indicated  by  the  facts  stated,  and  that 
is  that  all  through  this  section  of  country  I  noticed  numerous  evidences 
of  former  swampy  spots  where  the  grass  still  is  more  luxuriant  than 
that  surrounding  it,  but  the  water  has  disappeared  from  the  surface. 
For  some  time  i  supposed  that  these  were  points  where  water  accumu- 
lated and  remained  longest  in  the  spring  of  the  year;  although  this  ex- 
planation will  suffice  for  thecondition  of  many,  yet  there  are  some  things 
oonnected  therewith  which  I  can  only  explain  by  the  supposition  that 
they  are  gradually  growing  drier. 

After  passing  Lake  Eckelson  the  surface  of  the  country,  although 
gradually  ascending,  is  tolerable  level  until  we  reach  the  large  aml^ 
where  there  appear  to  be  two  depressions  or  broad  ravines  running  north 
and  south,  with  an  intervening  ridge.  Perhaps  no  better  illustration  of 
the  Arabian  wady  is  to  be  found  on  the  western  continent  than  these 
c9uJSe8.  This  very  broad,  dry  ravine  was  evidently  once  the  channel  of 
a  considerable  stream,  the  sbiftings  and  fluctuations  of  which  may  yet 
be  detected ;  why  is  it  no  more  filled  with  water  f  Beyond  this  the  sur- 
fiice  is  slightly  undulating,  but  somewhat  more  in  the  terrace-form  to 
and  west  of  James  River  until  we  reach  the  coteau  of  the  Missouri. 
The  valley  of  the  James  is  narrow,  not  more  than  i^om  one-half  to  one 
mile  wide,  with  very  little  timber  of  any  kind.  The  surface  of  the  coteau 
ia  very  irregular,  being  broken  into  ridges  and  hillocks,  with  here  and 
there  an  occasional  small  lake;  and  fVom  the  best  information  I  could 
obtain  it  appears  to  be  true,  although  strange,  that  there  is  generally 
no  difficulty  in  obtaining  good  water  on  this  elevated  plateau  by  digging 
wells  to  a  moderate  depth.  I  know  this  to  be  true  in  regard*  to  some  of 
the  elevated  plains  in  the  southern  part  of  the  Territory.  The  section 
where  the  greatest  difficulty  is  experienced  in  obtaining  water  appears 
to  be  in  Red  River  Valley  and  those  areas  underlaid  by  the  heavy  clay 
deposits. 

Although  the  country  west  of  the  second  crossing  of  the  Cheyenne 
is  well  adapted  to  grazing  and  pastoral  pursuits,  yet  I  am  satisfied  that 
the  average  rain-fall  is  not  sufficient  for  profitable  agricultural  operations. 
There  may  be  seasons  when  the  supply  may  be  sufficient  to  produce 
moderately  good  crops  of  the  cereals,  but  1  think  these  will  form  the 
exceptions  instead  of  the  nile.  It  is  true  no  sufficient  experiments  have 
been  made  to  test  this  question,  and  it  is  due  to  the  welfare  of  the  Ter- 
ritory and  those  who  are  largely  interested  in  this  matter  that  I  should 
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state  that  my  opinion  is  not  based  upon  direct  experiments  in  this  im- 
mediate section,  and  that  the  soil  as  a  general  thing  is  good;  also  that 
it  is  very  probable  the  bottom-lands  along  the  streams  will  form  an  ex- 
ception to  this  rule.  I  should  also  state  that  Mr.  Bobert«,  the  chief 
engineer  of  the  Northern  Pacific  Railroad,  expresses  a  somewhat  more 
favorable  opinion  in  regard  to  this  section.  He  may  be  right  and  I  m-dy 
be  wrong;  I  only  give  my  opinion,  which  is  based  on  certain  evidences 
which  will  be  more  fully  set  forth  in  my  report  on  the  climatology  of 
the  West. 

I  was  informed  by  a  gentleman  who  was  for  three  years  connected 
with  the  Indian  agency  at  Fort  Totten,  on  Devil's  Lake,  that  the  sor- 
rounding  country  there  consists  of  undulating  prairies,  much  the  same 
as  found  at  the  same  longitude  farther  south  along  the  line  of  the 
North  Pacific,  but  that  the  lower  lands  immediately  around  the  lake  he 
thinks  will,  as  a  general  thing,  produce  crops  without  irrigation,  and  that 
he  founds  his  belief  on  some  experiments  which  were  made  there. 

I  have  been  able  to  learn  very  little  in  regard  to  that  portion  of  Da- 
kota south  of  the  Northern  Pacific  road  until  we  approach  the  south- 
eastern extremity.  This  section  has  seldom  been  traversed  with  a 
view  of  studying  its  agricultural  resources ;  yet  from  the  little  I  could 
learn  with  reference  to  it,  I  am  satisfied  that  there  is  a  gradual  im- 
provement southward.  The  valley  of  James  River,  south  of  4oo  30^, 
gradually  expands  and  gives  evidence  of  a  greater  degree  of  moisture. 
Even  the  southern  portion  of  the  Coteau  of  the  Prairies  will  in  all  proba- 
bility prove  productive  and  adapted  to  agriculture,  notwithstanding  its 
isolated  elevation.  I  know  from  personal  observation  that  the  section 
drained  by  the  Big  Sioux  is  one  of  the  most  desirable  and  beautiful  por- 
tions of  Dakota,  almost  every  acre  here  being  susceptible  of  profitable 
eultivation.  And  in  order  to  give  something  like  a  correct  idea  of  this 
portion  of  the  Territory,  I  will  copy  my  notes  taken  while  crossing  from 
Yankton  to  Sioux  Falls. 

After  leaving  the  immediate  bottoms  of  James  River,  we  ascended 
some  60  or  70  feet  to  the  upper  or  general  prairie-level,  where  the  sur- 
face is  quite  undulating,  not  broken,  but  interrupted  by  long,  rounded 
swells,  with  a  dark,  rich  soil,  thickly  covered  with  a  heavy  growth  of 
luxuriant  grass,  but  entirely  treeless.  Such  is  the  general  character 
for  twelve  miles;  I  might  add  that  most  of  this  distance  there  appears 
to  be  an  ascending  grade.  Here  we  reach  a  small  stream  called  Clay 
•Oreek,  which  runs  through  a  deep,  narrow  valley,  its  pathway  marked 
by  a  few  scattering  bushes  or  trees.  Beyond  this  we  cross  a  broad, 
ix>unded  ridge  for  some  eight  or  ten  miles,  the  soil  and  covering  being 
^similar  to  those  already  described ;  and  I  may  state  here,  in  regard  to 
this  ridge,  that  which  applies  to  all  the  principal  ridges  in  this  part  of 
the  Territory,  its  direction  is  nearly  north  and  south,  running  a  little 
"west  of  north  and  east  of  south.  Descending  from  this  to  Swan  Lake, 
we  enter  upon  a  broad,  level  prairie,  which,  beginning  in  the  vicinity  of 
Tnrnersville,  continues  eastward  to  Sioux  River,  a  distance  of  some 
twenty-five  miles.  Although  I  call  this  a  level  prairie,  I  do  not  intend 
thereby  to  convey  the  idea  that  it  is  a  ''  dead-level  ^  flat  such  as  Red 
River  Valley,  for  such  is  not  the  case,  but  the  undulations  aie  slight, 
and,  although  sufficient  for  drainage,  are  scarcely  noticed  by  the  eye. 
The  soil  a;nd  grass  are  similar  throughout  the  entire  route,  but  runniug 
water — a  stream  of  any  kind — is  wholly  wanting  on  this  level  prairie- 
belt,  save  that  at  Tumersville,  and  the  entire  region  is  timberless. 

It  is  apparent  from  these  notes  that  there  is  a  great  sameness  through- 
out this  portion  of  the  Territory ;  and  any  attempt  to  give  a  descrip- 
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tion  of  one  part  as  contrasted  with  another  would  be  aseless,  as  there 
are  no  differences  of  any  importance  in  an  agricultaral  point  of  view, 
with  the  single  exception  of  the  contrast  between  the  Missouri  bottoms 
and  the  upland  prairies.  And  here  tbe  only  difference  is  that  the  former 
is  flat,  the  soil  deeper  and  darker,  being  mixed  with  a  larger  proportion 
of  vegetable  mold,  and  partially  supplied  with  timber,  chiefly  cotton- 
wood  groves. 

The  following  description  of  Union  County,  (the  southeast  county  of 
the  Territory,)  taken  from  "  The  Outlines  of  History  of  the  Territory  of 
Dakota,"  by  James  8.  Foster,  I  found  to  be  quite  correct,  and  as  it  will 
apply  pretty  generally  to  the  counties  along  the  Missouri  in  this  part  of 
the  Territory,  I  insert  it  here : 

The  sarface  of  Union  County  resembles  that  of  any  of  the  Missonri  River  counties. 
U  has,  however,  more  bottom-landfl  than  any  other  county.  The  south  half  is  level 
boitom-lands,  only  a  few  feet  above  the  high- water  mark  of  the  Missouri  River ;  the 
north  half  is  rolling  prairie,  elevated  about  20  to  50  feet  above  the  bottom-lands.  The 
bottoms  are  perfectly  level  and  very  smooth,  presenting  no  obstacles  to  machine  farming. 
Tbe  uplands  are  generally  undulating,  presenting  to  the  eye  a  beautiful  landscape.  The 
8oU  of  the  bottoms  is  a  dark,  sandy  loam,  mixed  with  a  large  proportion  of  vegetable 
Bold.  These  bottoms  are  vast  natural  meadows,  producing  an  abundant  growth  of 
•xcellent  grass,  frequently  yielding  over  three  tons  to  the  acre.  The  uplands  also 
afford  an  excellent  quality  of  nutritions  grass,  but  not  so  luxuriant  in  growth  as 
that  of  tbe  bottoms.  The  latter  produce  excellent  crops  of  com,  wheat,  oats,  and 
▼egetables,  but  the  uplands,  although  capable  of  producing  all  kinds  of  grain  and 
v«^tables,  are  preeminent  for  wheat,  thirty  bushels  to  the  acre  being  an  ordinary 
yield.  Along  the  Missouri,  in  the  southern  portion  of  the  county,  are  large  bodies  of 
heavy  cotton- wood  timber  ;  there  are  also  considerable  bodies  of  timber  skirting  the 
Big  StoDZ. 

The  surface  and  soil  of  Clay  Connty  resemhle  those  of  Union ;  the  sur- 
face of  Yankton  and  Bon  Homme  Counties  is  rather  more  rolling,  with  less 
bottom-land,  otherwise  similar  to  Union.  From  the  month  of  the  Sioux 
River  to  Vermillion  River,  the  bottom  or  immediate  valley  of  the  Mis- 
aouri  is  chiefly  on  the  Dakota  side,  and  varies  in  width  from  five  to 
twelve  miles.  At  Vermillion  the  bluffs — which  form  the  escarpment  of 
the  upper  level  or  plateau — approach  very  near  the  river.  Beyond  this 
tbe  bottom  again  suddenly  expands,  and  continues  until  we  reach  the 
vicinity  of  Yankton,  varying  in  width  from  Ave  to  ten  or  twelve  miles. 
I  was  somewhat  surprised  to  find  this  part  of  the  Territory  as  well  set- 
tled as  it  is,  a  large  portion  of  the  bottoms  and  a  part  of  the  upper 
prairie  lands  being  already  under  cultivation.  At  the  time  of  my  first 
visit,  judging  by  the  state  of  the  crops,  the  season  really  appeared  to  be 
more  advanced  here  than  in  ISTorthern  Iowa,  owing,  I  suppose,  to  the 
warm  nature  of  the  soil,  which  here  is  generally  underlaid  with  a  heavy 
deposit  of  yellow,  sandy  marl  (loess)  which  contains  a  large  amount  of 
the  mineral  elements  of  fertility.  There  appears  to  be  but  little  diffi- 
cnlty  in  obtaining  water  on  the  uplands  by  means  of  wells,  and  the 
comparative  elevation  does  not  appear  to  make  very  great  difference  in 
tbe  depth. 

Tbe  farmers  here  have  very  wisely  adopted  the  plan  of  planting  out 
forest-trees  as  one  of  the  first  things  they  do  after  making  a  settlement, 
and  notwithstanding  all  the  wild  theories  which  have  been  advanced, 
they  have  hiul  the  good  common  sense  to  select  the  native  cotton-wood, 
which,  in  five  years  from  planting,  (not  seeding,)  will  commence  afibrd- 
ing  fuel  for  stoves.  I  noticed  at  several  points  thickets  of  the  wild 
plnm  (probably  Pruntia  chicasa)  loaded  with  fruit ;  also  many  grape- 
vines (wild)  in  fruit. 

One  serious  drawback  in  this  section,  which  must  be  seriously  felt  as 
soon  as  tbe  cotton-wood  groves  along  the  Missonri  have  been  exhausted, 
is  the  deficiency  in  fuel  and  building-material.    The  latter  want  will  be 
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partially  supplied  when  the  railroads  having  coDnection  with  the  timber- 
districts  of  Minnesota  are  extended  into  this  regiom ;  bnt  these  will 
scarcely  supply  fuel  at  a  rate  that  will  meet  the  wants  of  the  farmers. 
It  is  true  that  coal  can  be  brought  in,  but  this  will  be  a  heavy  tax  on 
the  farmers  of  small  means,  who  live  far  back  on  the  prairies,  and  are 
exhausting  all  their  means  and  energy  to  start  a  farm  into  active  opera- 
tion ;  yet  this  will  probably  be  the  only  method  of  meeting  this  neces- 
sity, unless  com  is  used  for  fuel,  or  forest-trees  are  timely  planted  and 
in  sufficient  quantity.  What  is  said  here  on  this  point  also  applies  to 
2)ortious  of  Nebraska,  and  to  some  extent  to  the  southwest  portion  of 
Minnesota.  I  know  there  is  in  the  mind  of  the  farmer  of  the  States 
who  has  labored  hard  through  the  hot  days  of  summer  in  plowing  his 
corn,  and  in  the  fall  in  gathering  and  garnering  it,  a  very  strong  dis- 
like to  the  idea  of  using  it  for  fuel ;  but  the  true  method  of  testing  this 
question  is  to  count  the  cost.  If,  for  illustration,  sixty  bushels  of  com 
in  the  ear — about  thirty  shelled — will  equal,  as  fuel,  one  ton  of  coal,  (I 
do  not  know  that  this  amount  is  correct;  it  is  but  a  guess,)  will  it  pay 
to  sell  this  corn  at  20  cents  per  bushel  (shelled  measure)  and  bay  coid 
at  $8  or  $9  per  ton,  besides  the  hauling  to  and  from  a  depot f  It  is 
a  simple  question  of  figures  and  not  of  fancy,  and  it  would  be  well  if 
some  one  properly  situated  to  do  so  would  give  us  some  practical  infor- 
mation on  this  subject. 

A  kind  of  soft-chalk  rock  is  found  near  Yankton,  similar  to  that  fonnd 
in  ^Nebraska  and  Kansas,  which  is  used  as  a  building-material.  This 
can  be  easily  cut  into  blocks  of  any  shape  desired,  but  there  is  some 
doubt  about  its  durability,  yet  most  of  those  who  have  tried  it  for  a 
number  of  years  say  it  stands  the  test  of  experiment. 

In  closing  this  brief  account  of  the  agricultural  resources  of  Eastern 
Dakota,  I  should  state  that,  after  carefully  weighing  all  the  data  I  bave 
been  able  to  obtain,  together  with  my  own  observations,  I  am  satisfied 
that  all  west  of  James  Biver  Valley  must  be  counted  as  in  a  district 
not  sufficiently  supplied  with  rain. 

Taking  all  the  records  of  the  rain-fall  which  have  been  kept  in  tbe 
Territory  for  the  five  years  from  1867  to  1871,  inclusiT^e,  we  find  the 
average  yearly  amount  to  be  only  14.09  inches,  less  than  half  that  of 
Minnesota,  Iowa,  or  Eastern  Nebraska.  This  entire  amount  is  not 
more  than  barely  sufficient  for  the  production  of  the  cereals,  and  jast 
so  much  as  we  take  from  this  general  average  to  increase  the  amount 
in  the  more  favored  sections,  just  in  proportion  do  we  lessen  it  in  the 
others.  And  that  this  average  is  not  far  from  correct  is  shown  by  the 
fact  that  there  is  no  very  great  variation  from  it  in  either  of  the  years 
included:  1867,13.78  inches;  1868,14.03  inches;  1869,  14.17  inches; 
1870, 15.12  inches ;  1871, 13.35  inches.  The  records,  which  are  now 
being  kept  at  Yankton,  Fargo,  and  Pembina,  will  doubtless  increase 
this  average  somewhat,  but  if  an  equal  number  of  stations  were  made 
in  the  drier  sections  of  the  interior  and  west,  I  am  satisfied  there 
would  be  no  increase.  The  meteorological  data,  therefore,  so  far  as 
obtained,  corroborate  the  opinion  I  have  advanced  on  this  subject. 

NEBRASKA. 

I  regret  that  I  am  compelled  by  want  of  time  to  cat  short  my  proposed 
account  of  the  agricultural  resources  of  this  young  State,  which  is  so 
rapidly  filling  up  and  rising  to  importance  and  influence,  and  which  the 
late  census  shows  as  standing  at  the  head  of  the  list,  so  far  as  the  ratio 
of  common-school  education  to  the  population  is  concerned. 
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Dariog  my  examination  of  the  central  and  soatbern  sections  in  the 
gammer  of  1872«  Ifoand  that  in  some  respects  I  was  compelled  to  change 
the  opinion  I  had  previously  formed  from  hasty  passages  through  the 
State-  For  example,  I  am  now  satisfied  that  Platte  Valley.can  produce 
crops  of  the  cereals  without  irrigation  farther  west  than  I  had  formerly 
supposed.  Not  that  the  amount  of  rain  which  falls  on  this  valley  is 
any  greater  than  that  which  falls  on  the  adjoining  plains,  but  the  moist- 
ure is  longer  retained ;  and,  more  than  this,  I  strongly  suspect  that  these 
valley -bottoms  are  largely  underlaid  with  sand-deposit  through  which  an 
UDderground  river  i)ermeate8.  While  I  am  of  this  opinion  in  regard  to 
this  great  valley,  on  the  other  hand  I  am  now  pretty  thoroughly  con- 
vinced that  the  sufficient  supply  of  rain  on  the  upper  plains  does  not 
extend  as  far  west  as  I  formerly  supposed.  For  Southern  Nebraska,  I 
do  not  think  this  can  safely  be  placed  any  farther  west  than  Fort 
Kearney,  except  along  the  immediate  valley  of  Republican  Fork,  and 
north  of  Platte  this  line  will  probably  bend  considerably  east. 

Kotwithstanding  it  is  doubtless  true,  as  claimed  by  the  residents,  that 
tlie  subsoil  is  well  adapted  to  sustain  droughts  by  its  capability  of 
absorbing  moisture,  yet  it  is  also  true  that  the  evaporating  power  of  the 
air  is  greater  than  is  usually  supposed.  The  records  of  the  signal-station 
at  Omaha  show  that  on  the  4th  of  April  the  difference  between  the  wet 
and  dry  bulb  was  as  much  as  27^,  which,  considering  the  fact  that  this 
is  on  the  bank  of  the  Missouri  River,  the  date  early  in  the  spring  of  a 
rather  wet  season,  is  very  great  and  indicates  a  very  dry  atmosphere. 

There  is  another  thing  in  connection  with  this  subject,  which  I  think 
is  true  both  of  this  State  and  Kansas ;  that  is,  that  the  amount  of  rain 
does  not  diminish  so  gradually  as  we  go  west  as  I  had  supposed,  the 
supply  in  the  eastern  part  of  these  States  being  almost  equal  to  that  of 
the  States  immediately'  east  of  them.  For  instance,  the  average  of  five 
years  (1866-1870)  in  Nebraska  was  31.47  inches,  while  that  of  Iowa  was 
40.65  inches ;  Kansas  40.98  inches,  while  that  of  Missouri  was  but  38.33 
inches.  Bat  if  we  go  westward  to  the  middle  of  these  States  the  pre- 
dpitation  will  diminish  to  not  more  than  half  this  amount.  We  should 
therefore  bear  in  mind  that  these  records  which  appear  so  favorable 
apply  only  to  the  eastern  third  of  these  States.  Taking  the  average  of 
aU  the  stations  in  Nebraska  for  the  years  named,  we  find  them  to  be  as 
follows:  1866,127.07  inches;  1867,28.41  inches;  1868,  33.28  inches; 
1869,  42.11  inches;  1870,  26.47  inches.  This  subject  will  be  more  fully 
discussed  in  my  report  on  the  climatology  of  the  West. 

The  following  answers  to  the  inquiries  contained  in  a  circular  sent 
out  by  the  Secretary  of  the  Interior,  at  the  request  of  Dr.  Hayden,  is 
so  full,  and,  as  a  general  thing,  so  fair  a  statement  in  regard  to  the 
agricultural  resources  of  southeastern  Nebraska  that  I  think  it  is  proper 
that  it  should  be  inserted  here.  It  is  true  it  is  from  the  land-office  of 
the  Burlington  and  Missouri  River  Railroad  Company,  who  are  deeply 
interested  in  sustaining  the  character  of  the  lands  in  this  section,  yet, 
after  a  visit  in  person  to  the  section  described,  I  think  I  may  safely  state 
that  it  is  correct.  A  few  drawbacks  are  not  mentioned,  but  I  will  allude 
to  these,  as  they  were  not  directly  embraced  in  the  questions  propounded : 

STATE  OF  NEBRASKA. 

Jo  ike  8eeret4urg  of  the  Inienor,  Washingtanf  D.  C.  : 

Sir  :  In  accordance  with  the  request  coDtained  in  "  Circular  No.  1/'  addressed  from 
the** Department  of  the  Interior,  Wash iugton,  D.  C,"  and  dated  "March  20, 1872,"  I 
have  tbe  honor  to  report  on  the  description  of  laud,  climate,  productions,  and  markets 
of  a  portion  of  the  State  of  Nebraska.  I  answer  the  questions  in  the  circular  relating 
to  this  B(3ction  of  land,  and  the  questions  and  answers  I  number  consecatively. 
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BOUNDARIES. 

The  section  of  country  to  which  this  report  applies  lies  between  the  Platte  River  on 
the  north  and  the  northern  boundary  of  the  State  of  Kansas  on  the  south,  and  between 
the  western  bank  of  the  Missouri  River  on  the  east  and  Fort  Kearney  on  the  west. 

DESCRIPTION  OF  LAND. 

Question  1.  The  relative  proportion  of  mountain,  valley,  and  plain  of  yoar  section 
Proportion  of  timbered  land  and  varieties  of  timber  f 

An»icer,  There  are  no  nionn tains.  The  whole  re^on  forms  a  portion  of  the  Trans- 
Missouri  Prairie,  which  rises  gradually  from  the  Missouri  Bluffs  in  long  swells,  eveiy 
where  available  for  cultivation.  The  rolling  prairie  offers  no  positive  obstruction  to 
the  plow,  and  the  broken  prairie  seldom.  There  is  little  or  no  timber  in  the  section, 
except  in  the  river-bottoms,  where  narrow  strips  of  forest-trees  are  found.  I  here  give 
a  statement  of 

Elevation  at  the  different  itatUms  along  the  Burlington  and  AGesouri  River  BaUroad,  in 

Nebraska. 


Stations.  Elevatioii  in  leei. 

Crete .* 910 

Dorchester 1042.65 

Fairmont 1196 

Grafton 14Ki.20 

Harvard 1:556 

Inland 1435 

Juniata 1526.40 

Kenesaw I(i05 

Lowell 1627 

Kearney  Junction 1704 


Stations.  Elevation  in  feet. 

Plattsmonth 5'25 

Omaha  Junction 542. 10 

Louisville 582.40 

South  Bend 598.60 

Ashland 643 

Greenwood 682.10 

Waverly 677.80 

Newton B92.60 

Lincoln 704.90 

Denton 788.80 

Highland 970 

Eemarks, — Kearney  Junction  is  above  low  water.  Gulf  of  Mexico,  2,114  feet,  and 
above  Lincoln,  (the  State  capital  of  Nebraska,)  1,000  feet.  To  each  elevation  add  410 
feet  to  get  the  altitude  above  low  water,  Gulf  of  Mexico. 

Question  2.  What  portion  can  be  irrigated  and  rendered  tillable,  and  what  portion  not 
irrigable  is  suitable  for  grazing f  wnat  are  the  methods  of  irrijjation ;  now  many 
times  do  you  irrigate  the  different  crops;  what  depth  of  water  in  inches  is  used  dur- 
ing the  season ;  what  is  your  method  of  regulating  the  supply  and  price,  and  what  the 
cost  per  acre  of  irrigation  f 

Answer,  Irrigation  is  not  required  within  the  defined  limits.  The  land,  thoogh  de- 
void of  forests,  is  not  subject  to  destrutive  droughts.  During  the  agricultural  months 
the  rain-fall  is  sufficient  for  all  the  needs  of  the  agriculturist,  and  it  is  regular.  An  aver- 
age for  five  years  is  as  follows:  January,  1.24  inches;  February,  2.35  inches;  March,  1.75 
inches;  April,2.96 inches;  May,  4.71  inches;  June,  5.43  inches;  July,  3.40inche6,  Ansust, 
3.20  inches ;  September,  3.49  inches;  October,  2.41  inches ;  November,  1.24  inches,  and  De- 
cember, 1.G4  inches.  Dividing  the  year  into  three  portions,  these  figures  give  for  the  win- 
ter-months of  January,  Februarv,  and  December  an  average  totiQ  for  Uie  five  years  of 
5.22  inches;  for  the  spring  and  fall  months  of  March,  October,  and  November,  an  aver- 
age total  of  5.40  inches;  and  for  the  remaining  six  agricultunil  months,  an  average  totid 
for  each  year  of  23.21  inches.*  As  the  rain  falls  in  largest  and  sufficient  quantities 
exactly  when  it  is  most  needed,  the  clouds  themselves  form  a  perfect  system  of  irriga- 
tion. It  is  a  fact  that  this  section,  as  the  whole  State  of  Nebraska,  receives  a  less 
amount  of  rain-fall  than  other  places  in  the  same  latitude ;  but  following  a  natural  law, 
as  settlement  proceeds  and  trees  are  grown,  (for  which  latter  see  answer  to  question  7,) 
the  annual  rain-fall  will  become  increasingly  larger,  and  the  upper  branches  of  the 
rivers  and  creeks — which  are  now  dry,  or  partially  dry,  except  during  rains — will 
always  have  a  flow  of  living  water .t  In  order  to  furnish  a  correct  account  of  the 
character  of  the  country  in  this  matter,  it  is  necessary  to  add  that  the  rich,  black  soil 
of  the  section  rests  on  a  subsoil  of  porous  yellow  clay.  Moisture  does  not  consolidate 
this  subsoil  into  a  mass,  but  water  is  received  and  'held  as  it  would  be  by  a  sponge. 
Thus  the  land  is,  as  it  were,  scientifically  underdratned ;  and  the  crops  are  duly  fed, 
and  able  alike  to  resist  drought  or  excessive  rain. 

Question  3.  What  varieties  of  grains,  vegetables,  fruits,  and  other  crops  have  been 
tried,  which  have  proved  best  adapted  to  your  section,  and  the  average  yield  per  acre  f 

Answer.  All  cereals  have  been  tried,  and  succeed  perfectly;  but  wheat  stands  fore- 

^Tbe  proper  estimate  is,  from  April  to  August,  19.72  inches. — ^T. 
tTbis  very  general  opinion  is  very  doubtful,  yet  it  is  probably  true  that  the  distri- 
bution will  be  more  equable  and  the  amount  more  effective  on  vegetation. — ^T. 
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most,  and  in  weight  of  crop  this  section  only  falls  below  California.    Wheat  grows 
well  on  the  high  and  the  low  lands;  and  oats  and  barley  yield  abundantly,  while  maize 
lA  everywhere  sucoessfhl.    Taking  a  period  of  five  years,  an  average  yield  of  wheat  is 
fonnd  to  be  17.70  bnshela  per  acre ;  maize,  32.54  bnshels;  rye,  20.66  bushels ;  oats,  36.65 
bushels ;  barley,  26.75  bushels ;  and  buckwheat,  26.33  bushels.    The  wheat  grown  here 
retains  its  characteristics  without  deterioration  for  a  longer  period  than  in  most  parts 
of  the  country  ;  but  still  it  is  desirable,  now  and  again,  to  ren^w  the  seed.    In  view  of 
this  fact,  the  Burlington  and  Missouri  River  Railroad  Company  proposes  to  import  from 
the  old  countries  the  best  descriptions  of  seed  for  those  among  the  purchasers  of  its  lands 
who  may  desire  new  seed.    Potatoes,  sweet  potatoes,  turnips,  beets,  and  all  root-crops 
yield  abundantly,  the  average  production  of  potatoes  for  five  ^ears  being  79.80  bnshels 
per  acre.    The  systematic  culture  of  the  sugar-beet  would  give  an  abundant  supply 
of  safc^r.    Sorghum  is  of  free  and  rich  growth ;  and  an  excellent  sirup  is  manufactured 
from  its  jnice,  though  the  processes  of  manufacture  are  at  present  crude.    Table- vegeta- 
bles all  grow  freely  ;  and  the  castor-bean  finds  the  soil  and  climate  suitable.  For  a  few 
years  past  attention  has  been  devoted  to  fruit-growing,  and  peach  and  apple  orchards 
hare  been  established  in  many  parts  of  this  section.    At  one  time  there  were  doubts 
whether  fruit-culture  would  ever  be  sucessful  here.    These  doubts  were  the  offshoots 
of  theories  that  had  never  been  tested  by  experience;  but  now,  and  as  the  result  of 
experience,  they  have  been  entirely  dissipated.    In  three  years  young  peach-trees  come 
into  bearing;  ai\d  apple-trees  in  from  four  to  five.    One  strong  prooi  that  fruit  takes 
kindly  to  the  Nebraska  soil  is  that,  at  the  exhibition  in  1871  of  %&  National  Fruit-Grow- 
ers' Association,  the  premium  for  fruit  was  awarded  to  the  State  of  Nebraska,  of  which 
the  section  of  country  to  which  this  report  applies  is  one  of  the  best  parts.    The  grape 
Is  sneceiwfnl  under  proper  conditions.    The  Missouri  bluffs  are  similar  in  character  to 
the  loess  of  the  Rhine  banks,  and  throughout  the  broken  prairie  the  culture  of  the 
grape  can   be  profitably  undertaken.    Small  fruits  grow  luxariantly ;  and  the  wild 
strawberry  and  the  raspberry  of  the  timber-skirtings  are  of  excellent  flavor.    Tobacco 
is  grown  to  a  small  extent  in  the  bottomsi    The  plant  thrives,  and  the  ieaf  comes  to 
matnrity.    Flax  has  been  grown  in  this  section  for  seed ;  but  both  flax  and  hemp  might 
be  cultivated  for  manufacturing  purposes.    In  a  new  country  like  this  the  manufacture 
of  linen  and  agriculture  might  go  hand  in  hand,  provided  immigrants  who  are  accus- 
tomed to  the  twofold  operation  can  be  brought  into  the  State,  for  to  this  day  it  re- 
mains a  fact  that  hand-made  linens  can  compete  in  the  market  with  the  productions  of 
the  power-loom. 

Qaestion  4.  What  kind  of  stock  is  best  adapted  to  your  section,  cost  of  raising,  value, 
&c.? 

Annrer.  The  raising  of  cattle  has  succeeded  wherever  tried.  The  native  grasses 
which  form  the  pasture  of  the  buffalo  and  antelope  are  luxuriant.  The  blue-joint, 
which  grows  on  the  highlands,  attains  the  height  of  six  feet ;  and  a  grass  locally 
called  *^  tuley,''  which  grows  in  the  bottoms  of  the  Missouri  and  the  Platte,  is  equally 
ricb.  These  are  both  excellent  as  feeding  grasses ;  but  there  are  many  others,  and  most 
of  the  year  there  is  pasture  upon  the- prairie,  for  even  after  the  slight  frosts  of  the  fall 
have  browned  the  grasses  they  make  good  cattle-food  until  they  are  entirely  shriveled 
in  the  dead  winter.  Hay  is  also  readily  cured  and  stacked.  The  winter's,  as  a  rnle, 
are  not  long.  Open  weather  continues  t>o  the  end  of  November,  and  spring  has  fairly 
returned  by  the  beginning  of  March.  Cattle,  therefore,  can  be  kept  in  the  open  air 
for  most  of  the  year;  and  during  ordinary  years,  with  the  exception  a  few  weeks,  all 
the  year  round.  For  these  few  weeks,  however,  shelter  is  needed ;  and  when  shelter 
is  provided  the  worst  winters  experienced  are  not  at  all  to  be  dreaded  by  the  breeder. 
So  far  in  the  history  of  this  country  the  stock-owner's  worst  enemy  has  been  the  care- 
lessness induced  by  the  general  moderation  of  the  winters.  He  comes  to  depend  on 
the  mildness  of  the  season  ;  and  when  a  severe  winter  occurs,  and  he  has  not  adequate 
shelter  for  his  stock,  loss  ensues.  The  fault  here  indicated  experience  will  correct.  A 
good  profit  is  made  by  purchasing  Texan  cattle  and  grazing  them  on  the  prairie  for  a 
season,  before  shipping  to  the  eastern  market.  Cattled  thus  treaterl  go  to  market  in 
splendid  condition.  "When  cattle-breeding  becomes  one  of  the  regular  operations  of 
the  farmer,  it  is  well  to  cross  the  Texan  with  the  Durham.  Horse-breeding  will-be 
one  of  the  industries  of  the  section.  Except  for  the  purposes  of  the  farm  not  many 
horses  have  been  raised ;  but  qualified  men  are  here  and  there  turning  their  atten- 
tion to  the  subject.  The  broken  and  rolling  prairie,  intersected  by  draws,  (ravines,)  is 
suitable  for  horse-breeding.  As  the  land  is  not  the  best  adapted  for  the  plow,  it  is  the 
cheapest  of  the  lands  in  the  section,  though,  as  it  is  the  most  suitable  for  the  stock- 
farm,  it  is  the  most  valuable  of  all.  In  the  draws  water  can  always  be  found ;  and,  from 
whatever  quarter  the  wind  blows,  the  animals  can  find  shelter.  It  would  be  well,  how- 
ever, for  the  horse-breeder  to  plant  willow  in  suitable  places  as  wind-screens.  Feed, 
in  the  shape  of  oats  and  com,  is  readily  raised.  Sheep  are  valuable  stock  for  these 
prairie-lands ;  and  will  make  large  returns  as  well  in  wool  as  meat.  Good  pasture  is 
plentiful,  and  the  sheep  require  no  more  than  the  most  ordinary  shepherding;  hut  that 
they  must  have.    The  dry,  open  winters  conduce  to  the  health  of  the  sheep,  which  are 
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not  found  to  be  subject  to  much  disease.  The  hog  thrives,  and  with  corn  plentifnl, 
the  '^  hog-crop''  yields  well.  As  a  general  remark,  the  cost  of  raising  stock  here  is  a 
minimum ;  and,  as  there  is  a  command  of  markets,  fair  prices  can  be  obtained. 

Question  5.  Time  of  planting  the  various  crops  ;  and  time  of  harvesting  f 

Answer.  Crops  are  of  rapid  growth,  and  rapid  ripening.  Spring-wheat  is  generally 
sown  at  the  latter  part  of  February,  and  corn  is  planted  in  April.  But  corn  may  be 
plantefl  much  later ;  and  in  the  land-office  at  Lincoln  of  the  Burlington  and  Missouri 
Kiver  Railroad  Company,  there  are  now  four  heads  of  corn  which  weigh  3  pounds  2 
ounces.  These  are  average  specimens  of  a  crop  plauted  on  the  27th  of  June,  and  har- 
vested in  perfect  condition  before  frost.  The  ground  for  fall- wheat  is  prepared,  and 
the  seed  sown,  by  the  middle  of  Sepeniber. 

Quesiiott  6.  Character  of  your  winters ;  amount  of  snow  and  rain-fall  f 

Answer,  Rain-fall  in  the  section  is  given  in  answer  1.  The  ordinary  average  winter 
extends  over  three  montha— December,  January,  and  February;  and  the  entire  £all  <^ 
snow  does  not  exceed  10  inches.  The  heaviest  snow-falls  of  which  we  have  experience 
are  from  4  to  5  inches. 

Question  7.  What  has  been  done  in  the  way  of  tree-planting,  and  varieties  best 
adapted  to  your  section  f 

Answer.  The  annual  prairie-fires  have,  as  a  rule,  prevented  the  growth  of  timber  away 
from  the  ravines  of  water-courses.  In  these  ravines,  however,  wood  grows  luxuriantly; 
and  the  timber-skirtings  of  the  rivers  and  creeks  include  cotton-wood,  many  varietiea 
of  oak,  elm,  white  ash,  hackberry — a  tree  resembling  the  ash,  but  not  free  in  splitting^ — 
black  walnut,  cofifce-tree,  sycamore,  and  wild  plum.  The  wild  grape-vine  is  also  abun- 
dant. But  for  the  fires,  by  natural  processes,  the  prairies  would  be  timbered,  and  in 
many  bottom-lands,  where  for  two  or  three  years  settlement  has  checked  the  fires, 
there  is  ash  and  cotton-wood  brush  which,  in  due  course,  will  become  wood.*  Planting 
is  also  proceeding,  though  not  so  rapidly  as  is  to  be  desired.  However,  last  year, 
(1871,)  one  farmer  planted  no  fewer  than  120,000  trees ;  and  very  many  farmers  sfanow  a 
disposition  to  surround  their  homesteads  with  wind-breaks.  By  an  act  approved  Feb- 
ruary 12,  1869,  the  State  of  Nebraska  exempts  "  from  taxation  of  the  property  of  each 
tax-payer  who  shall,  within  the  State,  plant  and  suitably  cultivate  one  or  more  acres  of 
forest-trees  for  timber,  the  sum  of  $100  annually  for  five  years,  for  each  acre  so  planted 
and  cultivated,''  provided  the  trees  do  not  exceed  12  feet  apart,  and  are  kept  in  a 
healthy  and  growing  condition.  Cotton- wood,  which  grows  rapidly,  is  the  favorite  for 
groves;  and  the  records  show  that  these  trees  in  ten  years' growth  have  attained 
height  varying  from  25  to  50  feet,  and  circumference  varying  from  2  feet  5  inches  to  4 
feet.  The  Osage  orange  is  preferred  for  fences  and  wind-breaks,  though  there  are  some 
planters  who  give  choice  to  the  honey-locust.  Other  suitable  fence-plants,  as  the  wil- 
low and  whitethorn,  are  used,  thoui^h  more  rarely.  Induced  thereto  by  the  lack  of 
timber,  and  the  premium  for  its  cultivation  offered  by  the  State,  it  is  certain  that  the 
farmers  of  the  section  will  more  and  more  make  the  growth  of  wood  an  object.  The 
Danish  residents  at  Omaha  have  formed  a  tree-planting  company ;  and  this  company 
intends  to  plant  2,560  acres  of  suitable  soil,  within  the  limits  of  this  section,  in  the 
southwestern  comer  of  Adams  County.  The  company  proposes  fruit  (for  which,  by 
the  act  already  quoted,  property  to  the  amount  of  $50  annually  is  exempte<l  from  tax- 
ation for  five  years,  for  each  acre  plauted  and  cultivated)  as  well  as  iorest  tree  cul- 
ture. The  fruit  is  to  consist  chiefiy  of  grape-vines,  peaches,  and  apples;  and  the  forest 
trees  principally  of  eveweens.  The  Burlington  and  Missouri  River  Railroad  Company 
has  now  a  contract  out  for  the  planting  of  twenty-seven  miles  of  cuts  on  the  north  side 
of  the  railroad,  from  the  Missouri  River,  at  Platt^mouth,  to  Kearney  Junction.!  Front- 
ing the  north,  along  these  cuts,  there  will  be  seven  rows  of  trees  arranged  thus :  ex- 
treme north  row,  honey-locust;  second  row,  cott^on-wobd  and  willow  ;  third  row,  maple, 
ash,  and  box-elder ;  fourth  row,  Norway  spruce  and  Scotch  fir ;  and  the  three  inner 
rows,  Eurojpean  larch.  One  main  object  of  this  planting  is  to  furnish  ties  for  the  rail- 
road ;  but  it  is  also  hoped  that  the  operation  will  encourage  settlers  to  imitate  the 
example. 

Question  8.  What  are  the  kinds  and  cost  of  fencing  used  on  the  prairies  f  What  has 
been  done  in  the  way  of  planting  hedges  f 

Ans\vei\  This  question  is  in  great  measure  answered  in  the  reply  to  question  7 ;  but 
it  may  be  stated  that  fencing  is  not  a  rapid  process.  When  boards  arc  used  the  work 
is  costly,  and  therefore  there  is  not  much  of  that  kind  of  fencing.  Sod-fencesoccasioually 
occur,  the  sod  being  taken  up  on  breaking.  A  strong  and  durable  fence  can  be  con- 
stnicted  with  this  material,  with  no  expense  save  that  incurred  in  piling  the  sod  in 
due  form  and  order.    This  class  of  fence  seems  to  be  suited  for  partial  use  on  the  prai- 

*  I  found  this  to  be  true  not  only  at  points  in  Eastern  Nebraska,  but  also  in  South- 
eastern Dakota,  and  in  Minnesota,  but  it  only  applies  to  the  rain-moistened  districts, 
and  sections  but  slightly  grazed,  for  cattle,  &.C.,  are  about  as  destructive  to  the  young 
plants  as  fires. — ^T. 

t  The  Northern  Pacific  Railroad  is  adopting  the  same  plan. — T. 
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rie;  bat  its  valae  woold  bo  greatly  increased  if  tbe  wall  were  so  built  tbat  it  conld  be 
planted  on  the  top  with  Osage  orange.  The  honey-locnst  and  tbo  osage  orange  grow 
rapidly,  and,  if  properly  attended  to,  in  fonr  or  five  years  they  will  make  a  fence  that 
will  turn  cattle.  The  only  cost  of  the  live  fence  is  the  price  of  the  seed  and  the  labor. 
However,  a  settler  frequently  finds  it  necessary  to  obtain  retnrns  from  his  land  before 
investing  even  the  smallest  amount  of  capital  m  any  way  but  the  most  essential  perma- 
nent improvements.  Under  these  circumstances,  the  herd-law  of  Nebraska  has  a  bene- 
ficiid  operation.  The  intent  of  this  law  is  to  fence  crops  from  the  cattle,  and  to  fence  stock 
within  incloaares.  Tbe  enactment  provides,  under  penalty,  that  an  owner  of  stock 
shall  not  allow  his  animals  to  trespass  and  commit  damage  on  a  neighbor's  land.  The 
result  of  this  law  is — ^as  live  fences  have  to  grow  and  board-fences  are  expensive — that, 
when  a  locality  is  settled,  the  cattle  are  herded  together  under  charge  of  men  or  boys 
who  are  paid  ror  their  labor  from  a  fund  jointly  and  proportionally  subscribed  by  the 
ttock-owners.  While  at  pasture  the  herd  is  taken  to  the  beet  feeding-grounds  in  the 
neighborhood.  Every  night  the  milchers  are  returned  to  the  owners,  the  other  cattle 
bein^  corraled.  The  law  is  considered  to  work  well.  It  prevents  the  necessity  of 
j!»nemg  when  a  farmer  could  not  well  afford  the  cost ;  but  it  must  also  be  added  that 
it  is  a  check  on  fencing  when  the  work  ought  to  be  undertaken. 

QHOtiom  9.  Coat  of  getting  stock  and  produce  to  market. 

Amtwar.  The  local  market  Tor  wool  and  beef  is  at  the  farmer's  door,  for  the  wholesale 
nerehants  of  Chicago  and  Saint  Louis  collect  produce  by  traveling  agents.  When- 
ever a  district  becomes  sufficiently  settled  to  support  a  town,  one  comes  into  being,  in 
a  conveniently  central  position,  which  depends  for  its  trade  on  the  surrounding  country. 
Prodnce  is,  therefore,  readily  marketed,  and  the  wants  of  the  farm  and  the  household 
BOpplied.  As  the  country,  however,  becomes  more  thickly  peopled,  and  its  industry 
develops,  the  farmers  and  stock-raisers  will  probably  deal  more  or  less  directly  with 
the  distant  consuming  markets.  The  way  to  Chicago  and  the  eastern  ports  is  opened 
by  the  Burlington  and  Missouri  River  Railroad,  and  westward  by  the  Burlington  Com- 
pany and  the  Union  Pacific  Company.  The  Atchison  and  Nebraska  Railroad  strikes 
neoi  the  Missouri  at  Atchison,  Kansas,  and  the  Saint  Joseph  and  Denver  Railroad 
from  the  Missouri  at  Saint  Joseph,  Missouri.  As  the  mineral  resources  of  the  Rocky 
Mountains  are  developed  this  section  of  country — ^Nebraska  is  the  nearest  agricultural 
State  to  tbe  mountains — will  find  a  profitable  market  there,  while,  by  the  Missouri  and 
the  Mississippi 9  the  southern  markets  are  open. 

The  drawbacks  I  alladed  to  are  as  follows :  the  difScalty  in  obtaining 
bailding  materials  and  fuel,  especially  after  yon  get  west  of  Lincoln, 
lor  exactly  the  same  remarks  made  in  respect  to  Southeastern  Dakota 
apply  here.  Another  difficulty,  though  not  a  very  serious  one,  is,  that 
west  of  Crete  wells  must  be  sunk  to  a  considerable  depth — from  80  to  120 
feet— to  find  water ;  and  streams  being  scarce,  it  is  difficult  to  obtain  a 
supply  of  stock- water.  A  third  drawback,  which  applies  also  with  equal  if 
not  greater  force  to  Dakota  and  Southwestern  Minnesota,  is  the  severity 
of  the  winter-storms.  It  is  true  these  are  not  of  very  frequent  occurrence, 
bat  when  they  do  come,  and  few  winters  pass  without  one  or  more,  they 
are  very  severe,  and  often  occasion  many  hardships  and  much  suffering, 
but  experience  will  teach  the  settlers  how  to  prepare  for  and  protect 
themselves  against  these. 
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LIGNITIC  FORMATION  AND  FOSSIL  FLORA. 


BY  LEO.  LESQUEREUX. 


Columbus,  Ohio,  March  25, 1873, 

Dear  Sib  :  According  to  the  directions  i*eceived  from  yoa,  I  spent 
the  months  of  July  and  August  in  exploring,  first,  the  plant-bearing 
Cretaceous  strata  of  the  Dakota  Group,  in  the  valley  of  the  Saline  Biver 
and  on  the  Smoky  Hill  Fork  of  the  EAUsas ;  then  the  Lignitic  formation 
of  the  Eocky  Mountains,  from  Trinidad  to  Cheyenne,  and  along  the 
Union  Pacific  Railroad  to  Evanston..  You  requested  me  to  have  these 
explorations  especially  directed  in  view  of  positively  ascertaining  the 
ageof  the  Lignitic  formations,  either  from  data  obtainable  in  collecting 
and  examining  fossil  vegetable  remains,  or  from  any  geological  observa- 
tions which  I  should  be  able  to  make. 

The  following  report  gives  the  details  of  these  researches.  Its  divis^ 
ions  are  marked  by  the  nature  of  your  instructions.  The  first  part- 
after  recording  the  facts  derived  from  explorations  at  different  localities, 
discuBS  the  age  of  the  Lignitic  in  considering  geological  and  paleon to- 
logical  evidence.  The  second  part  reviews  what  is  as  yet  known  on  the 
formation  of  the  lignite,  the  distribution  of  the  lignitic  basins,  their  pro- 
dactive  capacity  for  combustible  mineral,  and  the  present  application 
of  the  material.  The  third  part  enumerates  the  species  of  fossil-plants 
obtained  in  the  explorations  of  this  year,  either  by  myself  or  other  of 
yonr  assistants,  describes  the  new  species,  and  compares  their  local 
distribution,  &c. 

On  this  last  point  my  researches  have  been  very  successful.  I  ob- 
tained, from  the  Cretaceous  and  from  the  Lignitic,  a  large  number  of 
good  specimens,  which,  selected  in  place  and  there  compared,  allowed 
me  to  fix  more  positively  the  characters  of  many  species  either  not  sat- 
isfactorily known  or  as  yet  undescribed.  This  work  was  rendered  es- 
pecially profitable  by  the  assistance  of  Mr.  L.  Lesquereux,  jr.,  who 
pursued  the  researches  with  scientific  interest  and  unceasing  energy, 
and  who  frequently  discovered  at  remote  or  distant  places  the  richest 
dei)osits  of  fossil  vegetables. 

Allow  me,  sir,  to  gratefully  acknowledge  the  valuable  assistance  re- 
ceived from  yourself  in  railroad  passes,  letters  of  introduction,  &c., 
still  more  by  information  from  your  former  reports,  and  also  to  men- 
lion  the  kind  assistance  offered  everywhere  to  my  explorations  by  the 
snperintendents  of  mines,  the  engineers  of  railroads,  the  proprietors, 
&c.,  who  generally  manifested  interest  in  my  researches.  At  Fort  Bar- 
ker and  Medicine  Bow  a  generous  hospitality  was  offered  me  by  Lieu- 
tenant Edward  Randall  and  Lieutenant  Hall,  commanding  the  stations. 
I  am  also  indebted  to  Messrs.  B.  C.  Smith  and  Eugene  Ford  for  passes  to 
Saint  Lonis,  also  to  E.  A.  Ford  for  pass  to  Kansas  City,  and  to  Colonel 
Fisher  for  pass  from  Denver  to  Cheyenne. 
Very  respectfully,  yours, 

L.  LESQUEEEUX. 

Professor  P.  V.  Hayden, 

United  States  Qeologist^  Washington.  X>.  C 
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Part  I— DETAILS  OF  EXPLORATIONS  m  THE  LtoMTIC  FOR- 
MATIONS OF  THE  ROCKY  MOUNTAINS. 

Before  arriving  at  Denver,  on  the  line  of  the  Kansas  Pacific  Railroad^ 
I  had  the  opportunity  of  examining,  at  two  different  places,  heaps  of 
lignitic  coal  taken  oat  of  abandoned  and  closed  shafts.  The  lignite 
appeared  of  very  poor  quality,  had  been  taken  from  various  depths,  and 
little  evidence  on  the  age  of  the  strata  could  be  obtained  from  the  mixed 
and  mostly  disintegrated  materials  scattered  around  near  the  mouth  of 
the  shafts.  West  of  Denver,  at  Golden,  Marshall's,  &c.,  I  became  more 
intimately  acquainted  with  the  general  features  of  the  so-called  western 
Lignitic  formation.  Afterward,  from  Denver,  my  explorations  were  pur- 
sued southward  to  Colorado  Springs ;  then  in  the  Arkansas  Valley,  and 
from  Canon  City,  along  the  base  of  the  Rocky  Mountains,  to  Trinidad 
and  the  Raton  Mountains,  in  New  Mexico.  As  it  is  at  this  last-named 
locality  that  I  was  for  the  first  time  able  to  see  a  well-exposed  section 
of  the  whole  formation,  to  study,  therefore,  its  essential  characters  and 
the  relative  position  of  its  more  important  members,  I  propose  to  begin, 
at  the  Raton  Mountains,  the  descriptive  narration  of  my  researches,  to 
pursue  it  hence  northward  to  Denver  and  Cheyenne,  and  then  along 
the  Union  Pacific  Railroad  to  Evanston,  where  the  explorations  were 
discontinued.  In  following  this  plan  some  preliminary  general  conclu- 
sions may  betaken  from  the  data  ascertained  at  the  beginning,  and  may 
be  used  henceforth  as  points  of  comparison  and  reference  for  facts  and 
observations  obtained  elsewhere,  and  which  may  afford  confirmation  or 
conflicting  evidence. 

§  1.  Raton  Mountains. 

The  small  town  of  Trinidad  is  pleasantly  nestled  on  the  south  side 
and  in  the  bottoms  of  the  Purgatory  River,  which  here  runs  eastward, 
to  take  farther  east  a  more  northerly  course  to  the  Arkansas  River. 
Behind  the  town  a  series  of  round,  more  and  more  elevated  hills  cover  the 
base  of  the  highest  peak  of  tbe  Raton  :  Fisher's  Peak,  a  dark  basaltic  or 
volcanic  mass,  which  towers  above  the  country  at  an  altitude  of  about 
2,000  feet.  Opposite  Trinidad,  on  the  south  side  of  the  river,  appears 
an  extensive  range  of  hills  capped  by  thick,  mostly  perpendicular  rocks 
of  sandstone,  overlying  black  soft  shale,  which  descend  in  steep  slopes 
to  the  plain.  On  the  western  side  the  Raton  Creek,  running  north, 
passes  through  the  hills  in  a  narrow,  pleasant,  green  valley,  entering 
Purgatory  River  three  miles  above  Trinidad. 

lu  passing  obliquely  from  the  town  to  the  Raton  Valley,  in.  a  north- 
west direction,  the  stage-road  gently  ascends  about  150  feet  to  a  plateau 
which  at  first  is  seen  formed,  even  at  its  surface,  of  the  black  shale  No. 
4  of  the  Cretaceous,*  which  here  contains  well-preserved,  large,  charac- 
teristic shells  in  ferruginous  concretions.  But  soon  the  plain  appears 
cut  by  undulations,  which  already,  one  mile  from  Trinidad,  have  their 
tops  strewn  with  large  broken  flags  of  sandstone,  over  which  no  other 
trace  of  fossil  remains  but  marine  plants  or  fncoids  are  seen.  A  little 
farther  from  the  town  the  same  sandstone  is  in  place,  immediately  and 
conformably  overlying  the  bl^k  shale;  and  in  entering  the  small  val- 
ley of  the  Raton,  the  road  curves  around  dteep  hills,  whose  base  rests 

*  The  divisions  of  the  Cretaceous  indicated  in  this  report  are  those  of  Messrs.  Meek 
and  Hayden,  marked  in  the  general  section  of  this  formation  in  Dr.  Hayden's  report, 
1870,  page  87. 
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upon  the  facoidal  sandstone,  and  whose  sides,  exposed  by  dennndation, 
are  blackened  by  outcrops  of  coiil  at  different  altitudes.  Here  is  the 
nearest  place  to  the  town  where  the  coal  is  opened  and  sometimes 
worked  in  a  very  limited  extent.  These  details  render  the  locality 
easily  recognizable. 

A  few  sections  of  the  Lignltic  measures  of  the  Raton  Mountains  have 
been  given  already  from  the  hills  along  the  creek.*  They  differ  some- 
what in  the  records  of  the  distance  and  of  the  thickness  of  the  lignite- 
beds,  but  the  differences  are  easily  accounted  for  by  the  great  variety 
remarked,  even  at  short  distances,  in  the  disposition  of  the  strata  of 
those  Lignitic  formations.  They  are,  therefore,  perfectly  reliable,  and 
it  is  merely  to  complete  them  that  the  two  following  ones  are  given  here. 
They  point  out  the  exact  relation  of  the  Lignitic  formation  to  the  Cre- 
taceous, and  mark,  besides,  what  I  consider  to  be  the  essential  character 
of  a  group  of  sandstone  which  separates  these  formations,  and  which, 
taken  as  yet  as  a  kind  of  debatable  ground,  has  been  dubiously  re- 
ferred either  to  the  Cretaceous  or  to  the  Tertiary.  The  first  of  these 
sections  is  taken  along  the  small  branch  in  whose  banks  the  lignite-beds 
s^pear  in  succession  down  to  the  Baton  Creek,  and  then  following  this 
creek  to  the  Purgatory  Biver,  where  the  Cretaceous  measures  are  ex- 
posed.   It  reads  from  top  downward : 

UGNmC. 

Ft  in. 

1.  Sandstone  and  shale,  covered  with  pines 60  0 

2.  Soft  shale,  ^ternating  with  soft  olay,  (soapstone) 35  0 

3.  OatcTop  of  lignite,  indifferent 2  0 

4.  Soft-shale  and  fire-clay 26  0 

6.  Lignite  oatcropr  thin 1  0 

G.  Hard  fi^ray  shale,  with  fossil  plants  at  haset 30  0 

7.  Shaly  bard  sandstone,  in  hank 6  0 

81  Soapstone  shale 2  0 

9,  Lignite  oatcrop,  good 2  0 

10.  Fire-clay  and  shale 36  0 

U.  Lignite,  exposed 2  6 

12.  Fire-clay 6  0 

13.  Soa  shale 30  0 

14.  Lignite,  opened 4  0 

15.  Ii'ire-clay 8  0 

1&  Ferraginons  and  shaly  sandstone,  covered 50  0 

300  6 

SANDSTONE. 

17.  Brown,  reddish  shaly  sandstone,  with  debris  of  land-vegetables 37  0 

18.  Yellow  shaly  sandstone,  full  of  facoids 5  6 

19.  Ferrnginous  sandstone,  banen 11  0 

20.  White  compact  sandstone,  in  bank  and  barren 28  0 

21.  Hard  white  sandstone,  in  bank,  with  facoids •  10  0 

22.  Soft  white  sandstone,  with  facoids 32  0 

Zi  Very  hard  block  sandstone,  barren 19  6 

24.  Ferrnginous  sandy  shale,  with  fucoids 6  6 

25.  White  sandstone,  ban-en 5  6 

26.  Fermginoas  sandy  shale,  with  fucoids 8  0 

27.  Red  shaly  sandstone,  with  great  abundance  of  fucoids 3  0 

28.  Hard  white  sandstone  in  bank,  some  fucoids 12  0 

178  0 


•F.  V.  Hayden*s  Report  of  the  United  States  Survey  of  Colorado  and  New  Mexico, 
(1869,)  pages  55  to  57 ;  Notes  on  the  Geology  from  Smoky  Hills  to  Rio  Graude,  by  T.  S. 
Leconte,  M.  B.,  pp.  20  and  21. 

t  At  a  short  distance  the  sandstone  No.  7  takes  the  place  of  the  shale-bearing  plants. 
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This  last  stratum  is  underlaid  by  the  Gret-aceous  black  shale  No.  4.  In 
some  places  No.  27  is  the  last  member  of  the  section,  and  is,  therefore,  in 
immediate  superposition  to  the  black  shale.  From  No.  17  to  28,  and 
perhaps  already  from  the  upper  member,  which  is  covered,  the  whole 
measures  form  a  single  group  of  white  or  yellowish  ferrnginons  sand- 
stone-beds, separated  by  bands  of  hard  laminated  clay,  mostly  sandy  or 
passing  to  sandstone,  the  whole  measuring  178  feet.  The  characticrs  of 
this  group,  as  clearly  recognized  here,  are  as  follows: 

1st.  Its  general  color  is  whitish  gray,  so  white  indeed,  sometimes, 
that  the  lower  strata,  seen  from  a  distance,  appear  like  banks  of  lime- 
stone. 

2d.  Though  generally  hard,  it  weathers  by  exfoliation  under  atmos- 
pheric influences,  and  its  banks  are  thus  molded  in  round  undulations; 
and,  as  it  is  locally  hardened  by  ferruginous  infiltrations,  it  is  often  too 
concretionary  or  grooved  in  cavities,  so  diversified  in  size  and  forms 
that  sometimes  the  face  of  the  clififs  shows  like  the  details  of  a  compli- 
cated architecture. 

3d.  It  is  entirely  barren  of  remains  of  animals. 

4th.  On  the  contrary,  from  its  lowest  stratum  to  its  upper  part,  it 
abounds  in  well-preserved  remains  of  marine  plants  or  fucoids,  which, 
at  some  localities,  are  seen  even  in  the  sandstone  over  lignite-beds. 

5th.  In  its  upi)er  part  the  sandstone  or  the  shales  of  this  group  are 
mixed  with  broken  dSbria  of  land- vegetation,  with  which  also  fucoidal 
remains  are  found  more  and  more  abundant  in  descending. 

The  disposition  of  the  strata  and  their  compounds  is  about  the  same  on 
the  other  side  of  the  Purgatory  Biver,  opposite  Trinidad,  where  the 
section  is  from  top  downward : 


1.  Hard  ferraginoas  sbaly  sandstone  with  few  remains  of  fucoids,  but  abun- 

dance of  de&rt«  of  laud-plants 25 

2.  Hard  wliitisb  sandstone^  fuU  of  fucoids 57 

3.  Sbaly  sandstoue,  with  same  abundance  of  fucoids 50 

4.  Soft  laminated  ferruginous  sandy  clay,  with  fucoids 11 

5.  F<*rruginou8  sbale,  with  fucoids 4 

6.  White  block-sandstone,  barren 5 

7.  White  sandstone, with  fucoids 22 

8.  Ferruginous  sbaly  sandstone,  with  fucoids 33 

9.  Black  shale  of  No.  4,  Cretaceous 147 

10.  Covered  space,  sandstone  and  shale  to  bed  of  river 153 

In  both  these  sections  the  remains  of  marine  plants  are  remarked  in 
most  of  the  sandstone-strata  and  their  intermediate  clay-beds,  and  as 
abundant  at  the  base  as  near  the  upper  part.  And  in  this  last  section 
they  are  seen  mixed  with  fragments  of  land-plants,  even  to  the  top  of  the 
sandstone  cut  like  a  tower  at  the  point  of  the  highest  hill  facing  Trini- 
dad. 

In  passing  from  the  black  shale  of  the  Cretaceous  No.  4  to  this  group 
of  sandstone-beds  overlaying  it,  the  difference  in  the  characters  is  strik- 
ing, not  only  in  considering  their  compounds,  but  in  the  class  of  fossil  re- 
mains which  they  contain,  the  traces  of  deep  marine  life  predominating 
in  the  black  shale,  while  here  they  have  totally  disappeared.  The 
absence  of  the  upper  Cretaceous  formation  Ko.  5  might  be  taken  into 
account  for  explaining  this  difference.  We  will  see  elsewhere  that  it  is 
not  the  case,  and  that  the  upper  Cretaceous  sandstone-beds  are  as 
definitely  characterized  by  their  fossil  remains  as  a  deep  marine  forma- 
tion as  the  second  group  No.  4.  Now,  in  the  sandstone  above  No.  4, 
marine  life  still  marks  its  activity  only  by  the  abundant  remains 
of  fucoids,  indicating  by  their  growth  a  comparatively  shallow  wat^r. 
They  point  out,  therefore,  to  a  slow  upheaval  of  the  bottom  of  the 
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aea  ia  which  they  appear  to  have  lived ;  for  their  stems  penetrate 
the  saadstODe  in  every  direction.  And  this  indication  is  still  more 
maDifeet  in  the  great  abundance  of  debris  of  land-plants  which  seem  as 
gronnd  by  the  waves,  thrown  upon  the  shore  and  mixed  in  the  sand 
with  facoidal  remains.  This  slow  upheaval,  and  its  resalt  in  the  forma- 
tion of  a  new  land^  are  read  as  in  a  book  in  the  fossil  remains  of  this 
gfonp  of  sandstone,  and  every  observer  should  forcibly  admit  that  these 
memorials  of  old  expose  the  beginning  of  a  new  era,  or  of  what  we  call 
a  new  formation.  This  conclusion,  however,  can  be  warranted  only  if 
by  further  researches  we  recognize  that  this  fucoidal  sandstone  is  not 
a  mere  local  formation ;  that  it  covers  a  wide  area,  preserves  everywhere 
its  relative  position  to  the  Cretaceous  under  it,  and  to  the  lignitic  beds 
above,  and  has  always  the  same  characters  either  in  its  compounds  or 
in  its  fossil  remains. 

That  this  sandstone  forms  all  over  and  around  the  Baton  Mountains 
the  base  of  what  is  called  the  Lignitic  formation,  and  that  it  there  over- 
lies the  black  shale  Xo^4,  has  b^n  remarked  by  all  the  geologists  who 
have  explored  the  country.    Dr.  F.  V.  Hayden  describes  it  briefly  but 
very  exactly  in  his  section*  as  "  a  niassivCj  keavydedded  aand^tone^  yel- 
Unttsh  gray^  for  whitish  J  rather  concretionary  in  sti'ucture,  and  weathering 
by  exfoliationy  over  Cretaceous  shales  with  Inoceramus  and  Ostrea,^  this 
last  bed  remarked  elsewhere  as  Cretaceous  No.  4.    Nothing  is  said  of 
the  characters  of  its  remains.    But  the  specimens  of  fossil-plants  gath- 
ered at  the  Eaton  Mountains  by  Dr.  Hayden  and  his  party,  some  of 
them,  marked :  from  the  sandstone  below  the  coal,  bear  fucoidal  plants, 
representing  the  species  of  Halymenites^  which,  by  the  abundance  of  its 
remains,  appears  essentially  characteristic  of  the  marine  flora  of  that 
|)eriod.    Dr.  Hayden  still  remarks  it  toward  the  southern  end  of  the 
Katon  Pass,  where  the  Lignitic  formation,  100  to  150  feet  thick,  containing 
two  or  three  small  seams  of  coal,  rests  immediately  upon  an  irregular 
bed  of  alternate  thin  layers  of  mud,  sandstone,  and  clay,  which  he  calls 
beds  of  passage  between  the  Cretaceous  and  the  Tertiary  of  that  region. 
Dr.  John  Leconte,  considering  the  same  strata  as  Cretaceous,  mentions 
them  in  his  report t  as  continuing  southward  of  the  Eaton  along  the 
base  of  the  Eocky  Mountains,  ^^  forming  like  an  immense  terrace^  which 
^xttnds  as  far  south  as  tlis  valley  of  the  Tonejo,  and  perhaps  even  to  the 
fiortk  bank  of  the  Cimarron.''^    They  are  evidently  the  same  sandstone- 
beds  as  those  of  the  Eaton  Mountains;  for  the  same  geologist  remarks 
that  they  were  observed  by  him  northward  from  Trinidad  and  far  toward 
the  Arkansas.    Indeed,  from  this  place  northward  to  the  base  of  the 
Spanish  Peak,  these  sandstone-beds,  always  with  the  same  characters 
a&d  the  same  thickness  as  marked  for  the  eight  first  members  of  my 
second  section,  207  feet,  and  always  immediately  over  the  Cretaceous 
"So,  4,  form  like  an  immense  terrace  perpendicularly/  cut  like  a  wall 
facing  east,  high  above  the  plain.    They  support  the  lignitic  beds  which 
still  tower  above  them,  either  ascending  in  steep  declivities  from  the 
top  of  the  perpendicular  sandstone,  or  receding  at  some  distance  where 
they  have  been  more  deeply  sapped  by  erosion.    "  This  abrupt  front^ 
flays  Dr.  Hayden,  ^^seem^  to  form  a  sort  of  sliore-line  of  a  wonderful  basin^ 
Oiif  a  body  of  water  had  swept  along  and  washed  against  the  high  bluffs, 
09  along  some  large  river.^  X    ^^^  stage-road  from  Trinidad  to  Pueblo 
follows  the  base  of  the  cliffs  for  thirty-two  miles;  and,  from  each  station^ 
<a  geologist  has  convenient  opportunity  for  the  exploration  of  these  re- 

""Report  1669,  page  57. 

t  Notes  on  Geology.  &c.,  loc.  cit.,  pp.  22  and  23. 
X  Dr.  F.  y.  Hayden^s  Report,  1869,  p.  53. 
21  G  s 
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markable  hills,  and  for  the  stady  of  the  distribution  of  their  geological 
strata  and  of  their  characters.  Soath  of  Trinidad  the  lignitic  measures 
have  been  followed  nearly  without  interruption  to  the  Maxwell  estate,* 
about  fifty  miles.  As  it  is  not  as  yet  ascertained,  however,  how  &r  they 
go  to  the  west,  the  area  which  they  cover  at  and  around  the  Baton 
Mountains  cannot  be  positively  marked.  It  is  not  exaggeration  to 
estimate  it  at  a  few  hundred,  say  six  to  eight  hundred  square  miles. 
Besides  this,  the  same  formation  is  reported  farther  south,  near  and 
around  Santa  F6;  in  the  Gallisteo  Yalley;  along  the  mountains  to 
Albuquerque,  -and  in  the  valley  of  the  Bio  Orande  as  far  south  as  Fort 
Craig.  Everywhere,  with  a  single  exception,  which  shall  be  considered 
hereafter,theselignitic  measures  have  exposed,  by  their  relative  position, 
by  the  absence  of  animal  remains  in  the  thick  beds  of  sandstone  which 
indicate  their  base  and  constitute  their  foundation,  by  the  homology  of 
their  marine  and  land  flora,  as  recognized  in  the  remains  of  fossil-plants 
which  they  contain  in  abundance,  all  the  characters  indicated  above  as 
authorizing,  if  generally  marked,  the  separation  of  this  group  firom  the 
Cretaceous  formation. 

§  2.  The  Arkansas  Valley  from  Pueblo  to  OaSTon  City. 

From  Pueblo  to  Canon  City,  forty-five  miles,  the  stage-road  follows  a 
broad  valley,  closed  on  the  south  side  by  the  Greenhorn  Mountains,  on  the 
north  side  oy  the  Bim  Bange  of  the  Colorado  Mountains,  over  which 
towers  Pike's  Peak,  whose  summit  is  visible  all  the  time.  The  whole 
'TOlley  is  essentially  Cretaceous }  all  the  eminences,  either  near  the  bor- 
ders or  in  the  middle,  are  hills  of  this  formation,  molded  by  the  erosions 
of  the  Arkamsas  Biver,  which  has  dug  numerous  beds  in  this  soft  ma- 
terial. The  borders  of  its  present  bed,  like  those  of  its  old  ones,  where 
the  road  sometimes  meanders,  as  in  a  labyrinth,  are  picturesquely 
marked  by  rocks  of  diversified  forms,  resembling  monuments  built 
by  the  hand  of  man,  towers,  columns,  ruins,  &c.,  often  strewn 
around  in  confusion.  On  the  south  side  of  the  river,  however,  about 
fifteen  miles  before  reaching  Canon  City,  the  aspect  of  the  country  is 
modified  by  the  appearance  of  a  group  of  hills  of  the  Lignitic,  filling  the 
space  &om  the  base  of  the  Greenhorn  Mountains  to  the  borders  of  the 
liver,  three  to  four  miles  in  width.  The  whole  arto  covered  here  by 
the  Lignitic  is,  from  the  report  of  Mr.  KeOson  Clark,  civil  engineer  and 
superintendent  of  the  mines,  about  thirty-three  square  m3es.t  The 
lower  strata,  overlying  the  sandstone,  rise  abruptly  about  50  feet 
above  the  Arkansas  Biver,  forming  a  kind  of  narrow  plateau,  over  which 
the  hills  of  the  Upper  Lignitic  rise  up  to  about  500  feet.  The  whole 
thickness  of  the  lignite-bearing  strata  is  estimated,  in  the  journal 
quoted  above,  at  about  600  feet.  The  following  section  is  taken  on  the 
land  of  the  Central  Colorado  Improvement  Company,  where  coal-beds 
are  already  now  extensively  worked.|  It  is  written  from  bottom  up- 
ward : 

Underlying  the  bottom  sand-rock  is  a  thick  bed  of  clay,  hiterlaid  with  seams  of 
sand-rocky  Tifnose  thickness  cannot  be  less  than  200  feet. 


*  Dr.  F.  V.  Hayden's  Report,  1869,  p.  57. 

t  Engineering  and  Mining  Journal,  November  13, 1872.  I  owe  also  to  Mr.  Clark,  who 
bad  the  kindness  to  take  me  to  the  mines,  the  details  of  the  following  section,  and 
«ther  valuable  information. 

t  Details  on  the  lignite,  its  comparative  value,  thickness,  &c.,  are  ^iven  in  a  separate 
^apter. 
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JFt.    In. 

1.  Bottom  sand-rock  erayish-jellow,  filled  with  concretioos  of  red  sandstone, 

stratified  with  rea  sandstone,  decomposes  easily  into  yellowish- white  sand, 

with  little  grit,  (exfoliating) ^ 195  0 

2.  Brown,  very  soft  shale,  (soapstone) 2  0 

3.  Coal 1  8 

4.  Brown  (chocolate-colored)  very  soft  shale,  (soapstone) 2  0 

5.  Coal,  separating  in  blocks  by  cleavage 4  2 

6.  Brown,  very  soft  shale,  (like  No.  4) 8  0 

7.  Coal 1  foot  to  1  4 

8.  Shale 0  lO 

9.  Clay 2  6 

10.  Coal 0  lo 

U.  ^ale,  with  thin  layers  of  argillaceons  carbonate  of  iron 9  o 

12.  Sand-rock * 7  0 

13.  Shale 3  0 

14.  Sand-rock 33  0 

ISb  Shale^  with  thin  layers  of  carbonate  of  iron 8  0 

16.  Coal 2  2 

17.  Slate 14  0 

18.  Sand-roek 2  0 

19.  Shale 2  0 

20.  Coal ., A 1  8 

21.  Bock  andshale •- 12  0 

22.  Coal 2  8 

23.  Rock  and  brown  shale 25  0 

24.  Coal « 1  1 

85.  Brown  shale •. • 1  lO 

».  Sand-rock 22  lO 

27.  Sh^te 0  6 

aa  Coal,  (river-seam) 3  8 

29.  Shale 10  0 

Then  follows  some  200  feet  of  sand-rock,  containing  throe  seams  of  coal,  varying 
from  10  to  iK)  inches,  one  of  which  yields  pieces  of  coke.  On  the  edge  of  the  basin,  the 
eoal-bearing  strata  aro  few  in  number ;  toward  the  center  they  increase  in  number, 
Ingh  blnSs  continuaUv  appearing  until,  over  the  center  of  the  basin,  we  find  the  high- 
est geological  rocks  of  the  region. 

Mr.  Clark  still  remarks : 

Bat  in  regard  to  the  formation  of  the  coal  the  regularity  of  the  strata  is  wonderful. 
It  is  tme  that,  toward  the  north,  the  seams  of  coal  are  thinner,  and  the  sandstone 
nmoh  thicker,  than  to  the  south ;  true,  also,  that  at  times  the  parting  of  the  seams, 
mostly  of  clay,  varies  somewhat  in  thickness,  but  over  the  whole  extent  of  the 
basin,  some  thirtv-three  squaro  miles  from  outcrop  to  outcrop,  the  dip  is  conformable 
to  tiie  center  with  a  few  unimportant  exceptions,  and  the  thickness  of  the  seams  and 
the  sand-rocks  varies  regularly. 

Mr.  Olark's  section  has  been  carefully  made  from  data  obtained  in 
mapping  and  surveying  the  whole  extent  of  this  lignitic  basin.  I  there- 
fore consider  it  as  a  favor  to  have  the  privilege  of  substituting  it  for  my 
own,  not  only  on  account  of  its  being  more  detailed^  but  because  it 
affords  opportunity  to  consider  here,  as  at  the  Eaton  Mountains,  the 
essential  characters  of  the  Lignitic  from  observations  presented  under 
different  points  of  view. 

In  the  above  section  it  is  easy  to  recognize  from  its  composition,  its 
color,  its  mode  of  disaggregation,  the  sandstone  No.  1,  about  200  feet 
thick,  as  the  equivalent  of  the  lower  fucoidal  sandstone  of  the  Lig- 
Bitic  of  the  Baton  Mountains.  The  essential  character  taken  from  its 
remains  is  net  mentionedL  But  I  had  full  opportuni^to  remafk  it,  not 
only  in  the  lower  beds  under  the  coal  worked  by  the  Improvement  Com- 
pany, but  also  where  the  same  sandstone  is  exposed,  together  with  the 
tipper  Cretaceous  strata,  in  the  middle  of  the  valley,  half  way  between 
Paeblo  and  Cafion  City.  In  my  examination  of  the  strata  overlying 
the  lignite  of  the  same  basin,  I  found  not  only  a  number  of  dicotyledo- 
nous leaves  in  the  shaly  sandstone,  but  in  the  intermediate  beds  of  hard 
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sand-rock  too,  many  remains  of  facoidal  plants,  especially  of  the  spe- 
cies ^bich,  so  easily  recognized  by  its  tuberculate  surface,  appears  to 
be  the  most  common  one,  and  the  more  characteristic  too  of  the  Lig- 
nitic.  This  is  a  proof  that  the  eocenic  -character  of  this  formation  is 
not  limited  to  its  base,  and  that  the  lower  sandstone,  together  with  the 
beds  of  Ugnite,  are  of  the  same  formation ;  that,  indeed,  as  it  will  be 
seen  elsewhere,  the  lower  sandstone  sometimes  includes  in  its  divis- 
ions beds  of  lignite  to  its  base.* 

Can  Wie  here  determine  the  upper  part  or  the  end  of  this  formation! 
At  the  Eaton  its  lower  stage  is  especially  formed.  I  could  see  there 
nothing  in  ascending  the  highest  hills  or  slopes  covering  the  volcanic 
central  group  which  indicated  any  change  in  the  characters  of  the  strata. 
But  near  the  center  of  the  Lignitic  of  the  Arkansas  Yalley,  the  forma- 
tion is  covered  with  high  hills,  and  the  200  feet  of  lignite-bearing  meas- 
ures above  those  marked  in  the  section  are  overlaid  by  beds  of  coarse 
grit,  mostly  conglomerate  sandstone,  which  I  consider  as  the  closing 
strata  of  the  Eocene-Lignitic  i)eriod.  For  this,  as  for  the  great  sand- 
stone of  the  base,  jpre  have  to  see  if  these  upper  conglomerate  strata 
have  been  observed  elsewhere  and  in  circumstances  which  may  prove 
their  immediate  connection  with  the  Lignitic.  Here  the  200  feet  of 
measures  under  them  are  formed  by  an  altemance  of  beds  of  soft  clay 
or  Boapstone,  with  an  abundance  of  silicified  woo(f,  beds  of  lignite, 
(the  outcrop  of  one  near  the  top  indicating  at  least  two  feet,)  beds 
of  clay,  which  become  hard,  uninterrupted,  blackened  by  carbonaceous 
matter;  and  over  them,  in  immediate  superposition,  ferruginous  con- 
glomerate sandstone  separated  by  bands  of  soft-grained  sand-rock  in  a 
thickness  of  about  75  feet  Ko  trace  of  organic  remains  are  found  in 
this  top  sandstone.  I  found  fucoidal  plants  mixed  with  broken  remains 
of  Cyperace^d  as  high  as  300  ^eet  below  the  top. 

Three  miles  northeast  of  Canon  City  1  had  opportunity  of  examin- 
ing the  formation  which  underlies  No.  1  of  Mr.  Clark's  section.  It  is 
a  compound  of  thin  beds  of  yellow,  compact,  sandy  clay,  separated  by 
thin  layers  of  coarse  materials  or  of  sandstone.  It  contains  animal 
remains  only,  large  scales  of  fishes  and  shells  of  Cretaceous  characters 
overlying  the  black  shale  J^o.  4,  in  a  thickness  of  about  40  feet.  What 
there  remains  of  this  upper  group  of  the  Cretaceous  is  not  much,  the 
materials  being  too  soft,  and  having  been  swept  away  by  erosion.  But 
there  is  enough  left  to  show  at  once  the  great  difference  existing  in  the 
compounds  and  nature  of  the  strata  of  this  Cretaceous  upper  formation, 
and  of  those  of  the  lignitic  sandstone,  which  here  is  immediately  above. 
The  superposition  is  seen,  as  remarked  above,  in  the  Arkansas  Valley, 
on  the  banks  of  a  creek  on  the  stage-road  midway  between  Pueblo  and 
CaHon  City. 

All  this  is  not  new.  The  same  yellow,  arenaceous  clays  of  "So.  5  in 
the  Arkansas  Valley  are  already  exactly  characterized  and  reported  by 
Dr.  Hayden,t  who  marks,  too,  their  succession  in  ascending  as  ^^  paasing 
up  into  a  somewhat  extensive  series  of  what  I  call  mud-beds,  oomposed 
of  thin  layers  of  clay  and  mud  sandstones,  with  all  kinds  of  mud-mark- 
ings, soct  of  transition  beds  or  beds  of  passage.  In  the  upper  portion 
of  these  layers  I  found  an  imperfect  specimen  of  Inooeramus.  Th» 
group  of  beds  is  from  50  to  100  feet  in  thickness.  Besting  upon  them  is 
a  thick  bed  of  rusty-yellow  sandstone,  which  I  regard  as  the  lower  bed 
of  the  Tertiary  deposits,"  &c.  These  mud-beds,  with  all  kinds  of  mad- 
■'      ■  '  ■■  »  1.       ■....    ....I 

*  Dr.  Hayden  has,  from  five  miles  south  of  Trinidad,  specimens  of  the  same  plants 
labeled,  ^^From  ike  sandstone  above  the  coal/* 
t  Dr.  F.  V.  Hayden's  Report,  1869,  p.  50. 
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markiogs^  appear  to  belong  to  the  lower  part  of  the  facoidal  sandstone, 
the  remains  of  marine  plants  often  resembling  mud-marks  of  various 
kinds..  The  presence  of  a  specimen  of  Inoceramus  in  the  upper  part  of 
the  strata  is  an  apparent  contradiction  to  this  conclusion.  The  matter 
is  left  aside  for  future  discussion. 

§  3.  Colorado  Springs  to  Denver. 

From  Pueblo  northward  no  trace  of  the  Lignitic  is  seen  along  the 
moantains  till  near  the  southern  base  of  a  range  of  hills,  the  Colorado 
Pinery,  which,  in  its  eastern  course,  at  right  angles  from  the  primitive 
mountains,  forms  the  divide  of  the  waters  between  the  Arkansas  and  the 
Platte  Bivers, 

The  succession  of  the  Cretaceous  strata  is  clearly  marked  on  the 
banks  of  Monument  Creek.  In  following  it  up  from  Colorado  Springs 
the  formation  can  be  studied  to  the  top  of  the  black  shale  "So.  4,  and 
above  this  to  a  bed  of  brownish  sandstone,  separated  from  the  black 
shale  by  thin  layers  of  Tuten  clay  and  soapstone,  where  the  last  remains 
of  Cretaceous  animals,  especially  fragments  of '  BaciUites^  are  still 
abundant.  Over  this  is  the  sandstone,  barren  of  any  kind  of  remains, 
overlaid  in  the  banks  of  the  creek  by  a  bed  of  fire-clay,  or  very  soft 
chocolate-colored  shale,  which  marks  the  base  of  the  following  section  at 
k)w-water  level  of  the  creek : 

Feet. 

1.  Brown  laminated  fire-clay,  or  chocolate-colored  soft  shale,  a  componnd  of  re- 

mains of  rootlets  and  leaves  and  branches  of  nndeterminable  conifers 2 

2.  Coal,  softy  disaggregatinff  under  atmospheric  influence 2 

3.  Chocolate-colored  clay-shale,  like  No.  1,  with  a  stiU  greater  proportion  of 

vegetable  ddrris 6 

4.  Soft,  yellowish,  coarse  sandstone  in  bank 8 

5.  day,  shale,  and  shaly  sandstone  covered  slope 130 

6.  Sol^  laminated  clay,  interlaid  by  bands  of  limonite  iron  ore,  thin  lignite 

seams,  and  fossil-woiod 88 

7.  Lignitic  black  clay,  in  banks 32 

H.  Fine-icrained  oonelomerate 112 

9.  Fine-grained  8an£tone *     4 

10.  Coarse  conglomerate 7 

11.  Sandstone 3 

12.  Fermginons  hard  conglomerate 32 

426 


The  soft^  chocolate-colored,  laminated  clay,  Xos.  1  and  3  of  this 
aeetion,  has  here  the  same  composition,  color,  and  characters  as  the  clay 
imder  and  above  the  coal-beds  of  the  Baton  Mountains  and  of  the 
Aransas  Valley.  Indeed,  I  have  seen  it  the  same,  more  or  less  darkly 
colored  by  bitumen,  however,  in  connection  with  coal-beds,-  over  tiie 
vhole  area  of  the  Lignitic  which  has  been  passed  in  my  exploration. 
This  clay  takes  the  place  of  the  fire-clay  so  generally  underlying  the 
ooal-beds  of  the  Carboniferous  measures,  where,  as  in  the  Lignitic,  it 
lonns,be6ide8  the  floor,  some  bands^clay-partings,  separating  coal -strata, 
and  soft  shale  overlying  them.  It  has  also  been  formed  in  the  same 
way  by  immersed  fresh- water  plants,  or  true  water-plants  like  Characeody 
by  the  innumerable  divisions  of  the  roots  of  trees  living  along  or  within 
the  swamps,  and  by  the  dibris  of  the  trees,  which  appear  to  have  been 
mostly  conifers.  The  fragments  entering  into  the  composition  of  this 
elay-idiale  are  much  more  divided  and  ol^ured  by  maceration  than  the 
remains  preserved  in  sandstone  or  sandy  shale,  and,  except  for  a  few 
blanches  of  conifers,  I  have  not  yet  been  able  to  determine  any  of  them 
in  a  satisfactory  manner. 
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The  sandstone  over  the  Gehrung  coal,  No.  4  of  the  section,  is  by  its 
appearance,  its  mode  of  weathering  by  effoliation,  &c.,  the  eqnivaleat  of 
the  lignitic  facoidal  sandstone.  On  the  soath  side  of  the  river,  where 
the  coal  is  opened,  it  does  not  contain  fossil  remains  of  any  kind,  and  is 
comparatively  thin.  But  on  the  other  side,  its  thickness  increases  to 
about  75  feet,  and  it  has  some  remains  of  fucoids,  and  a  i^in  bed  of  coal, 
(6  inches,)  a  mere  streak  in  the  sandstone.  In  its  upper  part,  this  sand- 
stone, ferruginous  and  shaly,  contains  a  quantity  of  dicotyledonous 
leaves,  PopuluSj  Platanus,  &c.,  with  large  fragments  of  Sabal  leaves,  all 
species  which,  by  identity  with  some  found  at  the  Baton  and  in  the 
Arkansas  Valley,  do  not  leave  any  doubt  about  the  contemporaneity  of 
these  Lignitic  measures. 

By  far  the  most  interesting  member  of  the  section  at  Gehrung's  is  the 
conglomerate  formation  at  the  top.  These  rocks  are  a  compound  of  small 
grains  or  pebbles,  mosUy  of  white  quartz,  and  of  silex  of  various  colors, 
varying  in  size,  at  least  for  the  largest  proportion,  from  that  of  a  pea  to 
that  of  the  head  of  a  pin.  Pebbles  as  large  as  a  walnut  are  still  abun- 
dant ;  the  largest,  like  the  first,  are  rare,  and  especially  found  within  the 
layers  of  the  top.  This  formation,  150  feet  thick  at  le<ast,  is  conforma- 
ble to  the  strata  overlying  the  coal  of  the  base  of  the  section,  and  here, 
as  it  will  be  still  seen  at  other  places,  it  overlies  immediately  thick  banks 
of  soft,  laminated,  bituminous,  black  clay.  The  materials  forming  this 
conglomerate  are  cemented  together  by  a  thin  coating  of  carbonate  of 
lime,  which  easily  disaggregates  under  atmospheric  influence,  except  in 
the  upper  stratum,  where  the  cement  has  been  hardened  by  ferrnginoos  in- 
filtration. Its  greater  resistance  has  then  locally  preserved  the  whole  mass 
from  destruction.  These  conglomerate  cli£&,  which,  from  the  hotel  of 
Colorado  Springs,  arrest  the  view  to  the  west,  appearing  like  high  bluffs 
of  white  sandstone,  are  evidently  the  mere  vestiges  of  an  extensive 
formation,  originally  covering  the  base  of  the  mountains  from  the 
Arkansas  Biver.  extending  far  inland  to  the  east.  For  hundreds  of 
miles  the  ground  of  Colorado  Territory  is  formed  by  its  debris.  They 
have  given  to  the  soil  that  apparent  sterility  of  surface  which  is  so 
remarkably  changed  into  fertility  by  the  culture  of  the  substratum  com- 
posed of  softer-grained  materials  and  lime.  Nearer  to  and  along  the 
base  of  the  Colorado  Pinery,  whose  Lignitic  hills  have  escaped  destruc- 
tion by  the  upheaval  of  the  ridge,  these  conglomerates,  still  detached 
from  the  common  mass,  and  molded  into  the  most  diversified  forms  by 
disintegration,  have  scattered  columns,  pinnacles,  round  towers,  and 
cupolas  over  a  wide  area,  the  far-famed  Monument  Park. 

I  have  not  had  opportunity  to  examine  the  highest  ridges  of  this 
Colorado  Pinery,  whose  southern  base  is  about  five  miles  fix>m  Colorado 
Springs,  and  on  the  other  side  descends  to  five  miles  south  of  the  South 
Platte.  Dr.  F.  Y.  Hayden,  who  has  surveyed  the  formation,  considers 
it  as  Upper  Miocene  (?)  (modern  Tertiary  deposits)  comparing  it  to  a  group 
of  rocks  which  covers  the  country  from  Fort  Bridger  to  Weber  Canon, 
and  also  to  a  series  of  sands  and  sandstones  along  the  Gallisteo  Creiek 
below  Sante  F6,  the  Gallisteo  group.*  We  shall  have  opportunity  to 
see  this  .formation  again,  and  to  consider  its  age  with  more  details. 
Here,  as  at  other  localities,  it  is  conformable  to  the  Lignitic,  which  re- 
appears on  the  northern  side  of  the  ridge,  along  Cherry  Creek  and  other 
branches  emptying  into  the  Platte.  No  beds  of  Lignite  are  as  yet  re- 
ported along  this  8loi>e;  but  the  clay-beds  have,  as  on  the  other  side,  an' 
abundance  of  siUcified  wood.    I  have  seen  many  fine  specimens  of  it  in 

*  Dr.  F.  V.  Hayden's  Report,  1869,  p.  40. 
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the  cabinet  of  Mr.  Byers,*  the  redacteur  of  the  Dens^er  City  News,  and 
sinoemy  retarn  have  read  in  the  same  joarnal  the  description  of  a  fossil- 
tcee  found  at  Cherry  Creek,  which,  had  I  read  it  while  at  Denver, 
woald  have  iudaeed  me  to  visit  the  place  and  ascertain  the  exactness 
of  assertions  scarcely  credible.  This  reported  fossil  j>aZ9»-tree,  which  is 
hollow,  measures  at  its  base  22  feet  in  diameter,  and  20  feet  from  base 
the  diameter  is  still  15  feet.  This  is  nearly  eqnal  to  the  size  of  the 
largest  sequoia  or  giant  tree  of  California.  Snch  a  size  cannot  be 
supposed,  at  least  not  for  palm-trees.  Whatever  it  may  be  of  this  dis- 
covery, the  abundance  of  fossil-wood  indicates  at  Cherry  Creek  the 
same  level  as  that  of  the  beds  of  day  marked  in  the  section  of  Gehrung's 
as  No.  6.  I  believe  that  the  lignite-beds  underlie  there  these  fossil* 
trees  at  a  distance  of  100  to  150  feet.  ISot  far  from  this  place,  fourteen 
miles  east  of  Denver,  on  tiie  Kansas  Pacific  Bailroad,  a  bed  of  lignite 
8  feet  thick  was  reached  at  81  feet  from  the  surface  by  a  shaft,  which  is 
now  closed,  and  whose  section  is  worth  future  reference.  I  owe  it  to 
Mr.  £.  B.  Mally,  who  superintended  the  work.  The  section  is  from  top 
to  bottom : 

Ft.  In. 

1.  Slaty  day 16  0 

2.  Sand 18  0 

3.  Teflow  clay 5  0 

4.  Light-blae  eoi^Btone 6  0 

5.  Blown  soapstone 3  0 

6.  Soapstone  and  clay .'..  13  0 

7.  Drab  soapetone 14  0 

6.  Dark-biDwn  soapstoDe 3  0 

9.  Black  aliite,  with  veins  of  coal 5  6 

10.  Coal, wet  andsmntty 4  0 

U.  Coal,  better 3  0 

12.  Black-clay  parting 0  4 

13.  Coal 1  0 

14.  Soapstone,  bine,  brown,  and  black 24  7 

1^  HaDcl  eand-rock » « 1  4 

16.  Spotted  sand-rock 12      0 

17.  Very  hard  sand-rock 5      0 

la  Soft,  sandy  clay ^ 9     6 

142      3 

The  work  was  abandoned  on  account  of  the  poor  quality  of  the  coal ; 
hat  the  section  indicates  the  place  of  the  bed,  at  the  top  of  the  great  Lig- 
nitic  or  facoidal  sandstone  under  the  series  of  beda  of  clay,  soapstone, 
&c,  as  at  Oehrung's  and  at  the  Baton  Mountains. 

§4.  South  Platte  to  Cheyenne. 

.  From  the  mouth  of  Bear  Creek  into  the  Platte,  a  few  miles  west  of 
Denver,  the  Lignitic:  formation,  abutting  against  the  Cretaceous  and 
diversely  thrown  up  by  the  upheaval  of  the  primitive  mountains,  follows 
the  base  of  these  mountains  in  a  nearly  continuous  belt  to  Cheyenne. 
Though  generally  covered  by  detritus,  the  basin  is  deeply  cut  by  all  the 
creeks  descending  to  the  plain — ^Clear,  Balston,  Coal,  Erie,  Boulder, 
Jliompson  Creeks,  and  others — and  tne  strata  thus  exposed  can  be 
studied  in  their  relative  position,  their  compounds,  &c.,  at  many  places. 
This  study  is  most  interesting,  but  the  same  ground  has  been  already 
surveyed  by  geologists  of  repute,  Dr.  F.  V.  Hayden,  Dr.  John  Leconte, 
Mr.  James  T.  Hodge,  &c.,  who  have  given  to  their  explorations  more 

*  I  owe  to  tbis  gentleman  valnable  information  on  the  distribation  of  the  lignita^ 
•    beds  around  Dcnvers. 
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time  and  experience  than  I  had  at  my  disposal.  I  shall  therefore  refer  for 
details  to  the  reports  already  pabllshed,*  and  restrict  my  observations 
to  facts  essentially  connected  with  my  line  of  researches — on  the  age  of 
this  Lignitic  formation  as  indicated  by  vegetable  remains. 

Golden  is  on  the  banks  of  Olear  Greek,  at  its  outlet  from  a  deep  csuion, 
and  in  the  middle  of  a  narrow  valley^  shut  np  on  the  west  by  the  slopes 
of  the  primitive  rocks  and  on  the  east  by  a  high  wall,  a  trap-dike,  which 
here  follows  the  same  trend  as  that  of  the  mountain  at  a  distance  of  one 
to  one  and '  one-half  mile.  As  it  is  generally  the  case  along  the  eastern 
base  of  the  Bocky  Moan  tains,  the  more  recent  formations  have,  been 
thrown  up  and  forward,  and  their  edges  upraised  to  a  certain  degree 
nearest  to  the  uplift,  and  thus  succeeding  each  other  by  hog-backs  facing 
the  mountains,  they  pass  toward  the  plains  in  diminished  degrees  of  dip, 
and  soon  take  their  original  horizontal  position. 

At  Golden,  the  Lignitic  strata,  compressed,  as  they  are,  between  two  walls 
of*  eruptive  rocks,  have  been  forced  up  on  the  western  side  in  a  nearly  jier- 
pendicular  position,  while  on  the  other  they  were  thrown  np  at  the  same 
time  by  the  basaltic  dike,  and  thus  folded  or  doubled  against  their  faces 
'.  in  the  same  way  as  the  measures  of  the  anthracite  basin  of  Pennsyl- 
vania have  been  so  often  compressed  in  multiple  folds  between 
the  chains  of  the  Alleghany  Mountains.  In  that  way  the  lowest  strata 
of  the  Lignitic,  which  are  nearly  perpendicular,  overlie  the  Upper  Cre- 
taceous, strata,  which,  following  the  slope  of  the  mountain's  plunge,  in- 
clined in  a  less  degree.  The  line  of  superposition  of  both  formations  is 
seen  along  a  ditch  opened  for  a  canal  of  irrigation,  about  200  feet  from 
the  tunnels  made  in  a  bank  of  elay  which  underlies  the  lower  lignite- 
bed,  and  which  is  worked  for  pottery.  These  upper  Cretaceous  strata 
are  seen  in  the  same  position,  and  exactly  of  the  same  nature  as  at 
Gehrung's:  thin  beds  of  soapstone,  or  laminated  clay,  with  Cretaceous 
fossils,  and  above  them  the  same  kind  of  Tuten-^layj  a  few  inches  thick, 
imder  the  lower  sandstone  of  the  Lignitic,  which  is  there  covered.  The 
surface  of  the  ridge  formed  by  the  upthrow  is  pierced  by  the  edge  of 
the  perpendicular  strata,  especially  of  the  hard  sandstone,  and  there 
the  characters  of  the  lowest  beds  are  recognized  at  many  places  as  the 
same  as  those  of  the  fucoidal  sandstone  of  the  Eaton  Mountains.  At 
the  cut  made  across  the  measures  by  Clear  Creek,  the  lower  sandstone 
appears  proportionally  thin,  10  to  20  feet.  It  is  a  white,  soft-grained 
sandstone,  hardened  by  metamorphism,  containing,  besides  remains  of 
decotyledonons  leaves,  some  species  of  finely  preserved  fucoids ;  among 
them  one  species  as  yet  undescribed  and  not  seen  elsewhere.  In  follow- 
ing the  same  sandstone  to  the  south  it  is  seen  increasing  in  thickness, 
and  near  and  under  the  Boe  coal,  five  miles  from  Golden,  it  forms  a 
high,  isolated  ridge,  at  least  200  feet  thick,  barren  of  any  kind  of  re- 
mains^ except  some  fucoids. 

By  its  compound  the  altemance  of  its  coarse-grained  and  soft-grained 
strata,  these  being  often  mere  clay  or  mud  beds,  its  characters  appear 
the  same  as  those  of  the  lower  Lignitic  sandstone  of  the  Eaton  Mount- 
ains. It  has,  too,  broken,  undeterminable  fragments  of  wood,  cyperace^, 
&c.  Besides  the  species  of  fossil  decotyledonous  leaves  found  in  the  white 
sandstone  of  Golden,  most  of  them  homologous,  or  even  identical  with 
some  species  of  the  Eaton  and  other  localities,  it  has  one  of  those  very 
rare  land-plants  which  have  been  described  and  recognized  in  Europe 

as  pertaining  as  yet  exclusively  to  the  Eocene.f 

— ' — ^ 

"•DnF.  V.Hayden,  Silliman's  Jonrnal,  March,  1868,  pp.  101 ;  Geological  Report,  1869, 
pp.  89  to  37 ;  Notes  on  Geology,  &o.,  by  Dr.  Leconte,  pp.  47  to  53 ;  on  the  Tertiary  Coal 
•f  the  West,  by  James  T.  Hodffe,  in  Hayden's  Geological  Report,  1870,  pp.  318  to  389. 

t  See  description  of  species  lor  further  details. 


GEOLOGICAL  SUEVEY  OF  THE  TEERITOEIES.       32 & 

My  reaeaiches  at  and  aroand  Golden  bave  been  rewarded  by  the  dis- 
covery of  the  finest  and  best  preserved  specimens  of  fossil-leaves  that  have 
ever  been  foand  in  this  coantry,  with  the  exception,  perhaps,  of  those  of 
Black  Bntte.  They  were  obtained^  1st.  From  the  hard  white  sandstone 
under  and  interlying  the  beds  of  coal,  the  white  sandstone  hardened 
by  xnetamorphism  as  described  above;  2d.  From  beds  of  white  clay 
upheaved  against  the  sides  of  the  basaltic  dike,  a  clay  hard  as  silex  from 
metamorphism,  having  mostly  remains  of  palm-leaves ;  3d..  From  three 
miles  sonth  of  Golden,  from  a  sandstone  still  npheaved  near  the  tail  of 
the  dike,  but  scarcely  changed  by  heat  and  easily  cut  in  large  pieces. 
These  specimens  should  inmcate  a  different  degree  of  hardening  by  heat> 
acoording  to  distance  from  the  granitic  mountains  on  one  side,  and  from 
the  basaltic  dike  on  the  other.  It  is  remarkable,  however,  that  the  lignite 
obtained  from  the  mines  at  Golden,  like  this  plant-bearing  sandstone^ 
scarcely  bears  any  trace  of  the  action  of  heat. 

In  following  the  narrow  valley  from  Golden  to  Marphy's  coal-beds, 
the  same  strata  worked  at  both  places  have  been  traced  all  along  in  a  dis- 
tance of  more  than  five  miles.  From  Marphy's  or  Ealston  Greek,  the 
Liguitlc  is  covered  by  dibriSj  under  which  evidently  the  same  formation 
is  hidden,  with  the  same  kind  of  strata.  For  the  lignite  is  worked 
at  Leiden*8,  about  two  miles  north  of  Murphy's,  from  same  nearly 
vertical  strata;  and  five  miles  farther  north,  the  formation  cut  by  Coal 
Greek  exposes  still  the  same  Lignitic  measures,  now  tending  to  their 
natural  horizontal  position  by  the  disappearance  of  the  basaltic  dike. 
Still  farther  north,  in  the  valley  of  Boulder  Greek,  at  Marshall's, 
Wilson's,  Brigg's,  Erie,*  &c.,  the  Lignitic  exposes,  by  the  number  and 
thickness  of  lis  veins  of  coal  and  of  its  beds  of  sandstone,  a  fullness  of 
development  remarkable  indeed,  and  scarcely  seen  elsewhere.  From 
Golden  to  Marshall's  I  have  not  obtained  any  specimens  of  fossil-plants. 
A  careful  examination  of  the  numerous  beds  of  sandstone  exposed  there 
would  have  demanded  much  more  time  than  I  had  at  my  disposal.  At 
Marshall's,  besides  specimens  of  interesting  dicotyledonous  leaves,  I 
found  few  fucoidal  remains,  the  lower  sandstone  being  there  below  the 
level  of  the  country.  The  main  coal,  by  the  abundance  of  large  trunks 
of  half-carbonized,  half  petrified  wood,  shows  a  chai'acter  which  is  re- 
marked, too,  at  the  main  coal  of  the  Arkansa^^  Eiver  on  the  land  of  the 
Colorado  Improvement  Company.  At  Erie,  the  Lignitic  is  worked  as 
at  Marshall's,  near  the  level  of  thecountry,  and  therefore  no  sandstone 
is  exposed.  In  the  shaly,  sandy  clay  overlying  the  coal,  I  found  onl^^^ 
remains  of  dicotyledonous  leaves  and  palms. 

The  continuity  of  the  Lignitic  formation  is  still  traced  farther  north 
by  Br.  Hay  den,  who,  in  his  report  of  1869,  indicates  a  bed  of  coal  opened 

I  and  wrought  to  some  extent,  twenty  miles  south  of  Cheyenne.  The 
section  of  the  locality,  as  given  on  page  17,  positively  marks  the  position 
of  this  Lignitic  as  above  a  massive  sandstone  50  feet  thick  overlying 
Cretaceous  No.  5 ;  and  the  same  section,  too,  identifies  some  of  the 
strata  with  those  of  Marshall's  and  of  Black  Butte  by  beds  or  aggrega- 
tions of  oyster-shells,  Ostrea  svbtrigonalisf  curiously  represented  by 
homologous  or  identical  species  at  about  the  same  horizon  at  these 

.  named  localities.  I  believe  that  farther  north,  to  Cheyenne,  the  same 
formations  are  still  present,  only  hidden  by  the  mass  of  detritus  brought 

I       over  them  from  the  mountains. 

I  Around  Cheyenne  the  predominant  formation  is  a  thick  bed  or  a  suc- 

cession of  beds  of  conglomerate  sandstoue  of  the  same  composition  and 

i  in  the  same  position  as  the  conglomerate  of  Gehrung's  or  of  Monument 
Park  in  Colorado.    It  here  overlies,  as  at  Gehrung's,  thick  beds  of  black 
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bitaminous  clay  15  to  20  feet  thick,  as  exposed  to  the  level  of  the  creek. 
l^e  difierence  in  the  compounds  of  these  conglomerate  strata  is  merely 
in  the  larger  size  of  the  pebbles,  which  at  Cheyenne  vary  from  the  size 
of  a  pea  to  that  of  the  head,  and  in  the  presence  of  thin  beds  of  fresh- 
water limestone,  resembling  tufa,  which  are  seen  here  and  there,  of  very 
limited  extent,  similar  in  composition  to  the  calcareous  clay-beds  at  the 
base  of  the  Green  Biver  group.  I  found  in  these  conglomerates  two 
pieces  of  fossil-bones,  the  only  traces  of  fossil-remains  which  I  was  able 
to  recognize  in  this  peculiar  formation.  Though  I  cannot  positively  say 
as  yet  if  it  closes  the  Lignitic  x>eriod,  and  is  jherefore  a  member  of  this 
formation,  its  peculiar  identity  of  position  and  of  composition  is  worth 
remarking.  A  boring  of -a  few  hundred  feet  at  Cheyenne  would  setfle 
the  question  and  show  if,  as  I  believe  it,  the  Lignitic  beds  may  be  found 
there  at  a  depth  of  200  to  300  feet.  Anyhow,  all  what  we  have  seen  as 
yet  tends  to  confirm  the  statement  already  made  by  Dr.  Hayden  in 
1868,  (Silliman's  Journal,)  ^Hhat  aU  the  lignite  Tertiary  beds  of  the  West 
are  hut  fragments  of  one  great  ba^n,  interrupted  here  and  there  by  upheaval 
of  mountain  cJuiinSy  or  concealed  by  the  deposition  of  newer  formations.^ 

§  6.  Cheyenne  to  Carbon  Station. 

Along  the  Union  Pacific  Bailroad,  jfrom  Cheyenne  up  the  Laramie 
Plains,  the  country  has  been  explored  by  Dr.  Hayden,  who,  in  his 
report,  (1870,)  describes  the  passage  from  the  primitive  rocks,  and  marks 
further  upon  the  plateau  the  re-appearance  of  the  Cretaceous,  its  con- 
tinuity and  its  limits  to  the  West.  A  number  of  specimens  sent  to  me 
in  former  years  for  examination,  being  labeled  as  from  Bock  Creek  and 
Medicine  Bow,  I  expected  to  find  at  these  localities,  at  least  some 
isolated  basins  of  the  Lignitic.  This  indication  was  a  mistake ;  for, 
indeed,  the  Cretaceous  strata  are  continuous  along  the  railroad  to  four 
miles  west  of  Medicine  Bow,  where  they  are  seen  abruptly  passing  under 
thick  strata  of  the  Lignitic  barren  sandstone.  Though  I  did  not  find 
any  fossil-plants  at  Bock  Creek,  my  visit  there  afforded  me  a  good 
opportuni^  of  studying  in  the  country  around,  the  upper  groups  of  the 
Cretaceous,  and  therefore  of  remarldng  at  short  distances  the  essential 
difierences  in  the  characters  of  both  tiie  upper  Cretaceous  sandstone 
and  the  Lignitic  sandstone  over  it.  Besides,  the  great  quantity  «of 
remains  of  invertebrate  animals,  especially  abundant  in  the  upper  Cre- 
taceous, all  representing  deep  marine  species  characteristic  of  the  forma- 
tion— Ammonites.  Scaphytes^  and  Baculites^  &c. — ^the  matter  itself,  a 
kind  of  sandy  calcareous  shale,  appears  at  first  sight  far  different  from 
that  of  the  fucoidal  sandstone.  The  color  of  the  first  is  dark-brown  or 
yellowish-brown,  the  texture  finer-grained,  mixed  in  some  places  with 
calcareous  infiltrations ;  the  banks,  when  exposed  along  the  creeks 
or  cut  by  erosion,  do  not  weather  in  round,  concretionary  forms.  They 
break  in  large  cubic  pieces,  or  separate  in  shaly  layers,  forming,  by 
disintegration,  heaps  of  broken  fossil-sheils,  of  angular  fragments 
of  rocks  and  of  dust  rather  than  sand.  At  Medicine  Bow,  the  line  of 
connection  of  both  formafions  is  perhaps  more  difficult  to  fix  than  at 
other  localities^  the  fucoidal  sandstone  here  being  mostly  barrea  of 
remains  of  marine  plants.  But  from  its  base  to  its  top,  in  a  thickness  of 
perhaps  2Q0  feet,  it  is  barren,  too,  of  any  remains  of  animals,  while  here 
and  there,  branches  of  fucoids  appear,  as  thrown  by  the  waves,  being 
generally  mixed  with  fragments  of  wood  and  stems  of  dicotyleaonoas 
plants.  From  the  cut  of  the  railroad  west  of  Medicine  Bow,  where  this 
sandstone  is  seen  overlying  the  Cretaceous,  and  where  two,  fine  mineral 
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springs  come  oat  from  its  base,  it  is  continaoas  to  Carbon  in  repeated 
and  deei>er  nndulations,  forming  basins,  which  at  this  place  and  aronnd, 
contain  the  npper  Lignitic  formation  with  remarkably  thick  beds  of 
combustible  mineral.  The  coal  is  mined  at  Carbon  Station  by  a  shaft 
descending  throngh  the  following  strata : 

Feet 

1.  Shale,  clay,  and  sandstone,  at  top ^ 35 

2.  Ferroginoas  shale,  with  dicotyledonons  leaves 3 

3.  Clay,  shale,  and  sandstone,  wiih  the  plants  at  top Id 

4.  Coi,  (mahi)  ^ 9 

5.  Fiie^lay  and  shale,  with  dicotyledonous  plimts 20 

6.  Goal ^ 4 

7.  Fire-clay  and  shale 8 

a  Coal 4 


• 


101 


In  followiDg  the  railroad  to  abont  one  mile  west  of  Carbon,  the  npper 
coal  is  seen  exposed  in  a  cnt,  nnder  a  thick  layer  of  compact,  gritty 
sandstone^  resembling  the  millstone-grit  or  the  Mahoning  sandstone  of 
the  Carboniferoas  formations,  not  only  by  its  composition,  bnt  by  the 
quantity  of  pieces  of  wood  or  streaks  of  coal  mixed  with  it  at  its  base. 
The  wood  is  either  petrified  ^not  silicified)  or  transformed  into  coal, 
forming  irregular  thin  layers  which  pass  into  the  sandstone  in  various 
directions,  sometimes  ascending  nearly  Tcrtically  one  or  two  feet  high, 
and  abruptly  disappearing.  TMs  bank,,  too,  has  in  some  irregular  small 
cavities  x>obbles  of  sandstone ;  even  fragments  of  rolled  wood  trans- 
formed into  coal,  indicating  its  formation  a«  that  of  a  beach  where  the 
waves  brought  with  the  sand  and  imbedded  into  it  materials  of  various 
kinds.  Above  this  sandstone  are  beds  of  fire-clay  with  silicified  wood, 
overlaid  by  thick  layers  of  sandy  shale,  with  fossil-leaves  of  dicotyle- 
donous species,  the  whole  topped  bv  another  thick  stratum  of  coarse* 
conglomerate  sandstone.  In  the  rubbish  along  the  railroad  I  found  one 
specimen  of  fucoid.  I  should  have  liked  to  examine  the  country  with 
more  details,  especially  in  order  to  compare  the  distribution  and  ^the 
composition  of  this  upper  conglomerate  sandstone  with  that  of  the  upper 
member  of  the  Lignitic  of  Colorado,  and  thus  to  possibly  recognize  an 
analogy  of  formation.  But  my  attention  was  claimed  by  the  examina- 
tion of  fossil-plants  found  at  Carbon  in  great  quantity,  and  my  whole 
time  had  to  be  gvein  to  their  study.  These  plants  are  obtaiued  from 
two  horizons :  No.  2  and  2^0. 5  of  the  section,  separated  by  35  to  40  feet 
of  measures. 

5  6.  Carbon  to  Black  Butte  Station. 

From  Carbon  westward  the  country  and  its  geological  characters  and 
modifications  have  been,  too,  so  exactly  and  minutely  described  by  Dr. 
Hayden  in  the  same  report  of  1870,  pp.  134  to  140,  that,  besides  my 
paleontological  researches,  I  had,  in  following  the  railroad  to  Evanston, 
little  else  to  do  bnt  to  record  by  comparison  the  exactness  of  the  geo- 
logical facts  and  descriptions  already  published.  It  was  the  case  at 
Bawling*?  Station,  the  first  place  where  I  stopped,  after  passing  Carbon, 
to  examine  what  had  been  indicated  to  me  by  Mr.  William  Clebum,  civil 
engineer  of  the  railroad,  as  ^'  peculiar  rocks,  containing  an  immense 
quantity  of  fucoids,"  which,  from  description,  I  supposed  might  indicate 

*  For  the  commanication  of  this  section  and  other  valnahle  information,  my  thanks 
are  giren  to  Mr.  J.  Williams,  the  able  superintendent  of  the  Carbon  mines. 
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I>er]iaps  the  presence  of  the  Lignitic  at  that  locality.  These  rocks,  a  kind 
of  siliceoas,  reddish-brown  sandstone,  hardened  by  metamorphism,  are 
exposed  in  a  thickness  of  200  to  300  feet  in  blaffs  on  both  sides  of  the 
raUroad,  half  a  mile  west  of  the  station.  They  overlie  the  upturned 
edges  of  granitic  rocks,  which  come  to  the  surface  one  mile  farther  norths 
and,  indeed,  they  contain  an  immense  abundance  and  variety  of  fuooids, 
without  any  traces  of  animal  remains.  I  have  never  seen  plants  of  this 
kind  filling  rocks  in  such  quantity,  except  in  some  ferruginous  shale  of 
the  Devonian  of  Ohio,  or  in  some  groups  of  the  Silurian  of  New  York 
and  Pennsylvania,  the  Trenton  and  the  Clinton  groups. 

These  marine  plants  belong  to  types  far  different  from  those  of  the 
fucoids  of  the  Tertiary.  This  is  immediately  recognized,  especially  in 
their  large  size,  as  remarkable  as  the  quantity  of  their  remains.  Some 
branches  or  trunks  measure  more  than  half  a  foot  in  diameter,  while 
their  ramifications,  filling  the  rocks  and  crossing  the  layers  in  every  di- 
rection, cover  large  surfaces  by  a  confused  mass  of  filaments.  They  look 
like  heaps  of  sea-weed  crushed,  flattened,  and  petrified  at  the  same 
time.  The  large-sized  trunks  of  these  plants  are  generally  found  near 
the  base  of  the  formation,  or  in  close  proximity  to  the  granite  rocks, 
while  at  a  higher  level  the  shales  are  mostly  covered  with  small  spe- 
cies, perhaps  mere  branches  of  the  large  ones.  Some  of  these,  as  far 
as  they  can  be  recognized,  are  referable  to  Chondrites  antiquus^  Sternb ; 
Butkotrephis  srwculosus  and  B,  flexuosnsj  Hall,  all  species  of  the  Silurian. 
But,  as  said  above,  they  are  mixed  in  such  a  way  that  the  ascertaining 
of  their  specific  characters  would  demand  much  time  for  a  careful 
study,  which  can  be  made  only  in  place,  small  broken  specimens  being 
useless  for  that  purpose.  But  if  even  I  had  been  able  to  determine 
specifically  a  number  of  these  plants,  our  acquaintance  with  the  fucoids 
of  the  old  formations  is  as  yet  too  limited  to  afford  reliable  points  of 
comparison,  and  therefore  it  would  not  be  possible  to  refer  those  of 
Bawlings  to  a  peculiar  division  of  the  Silurian.  That  they  belong  to  the 
Silurian  epoch  is  all  that  can  be  ascertained,  and  thus  the  opinion  of 
Dr.  Hayden  on  the  age  of  these  fucoidal  rocks  is  corroborated  by 
paleontological  evidence. 

The  Same  kind  of  fucoidal  remains  are  seen  also,  but  far  less  abun- 
dant,  in  the  red  rocks  overlying  the  primitive  formations  in  Colorado; 
as,  for  example,  in  passing  up  Glen  Eyrie  from  what  is  called  the  Gar- 
den of  the  Gods.  These  plants  may  be  remarked  in  the  fragments 
strewn  along  the  borders  of  the  run.  The  formation  is  evidently  older 
than  that  of  the  upturned  red  rocks  which  form  the  inclosure  and  the 
monuments  of  the  garden.  In  these  I  did  not  find  any  fossil  remains  of 
any  kind  at  this  locality ;  but  near  Canon  City,  from  the  upturned 
ridge  of  red  and  white  sandstone  from  under  which  the  soda- springs 
gurgle  out,  and  which,  from  their  position,  are  referable  to  the  same 
formation,  I  obtained  a  few  fruits  of  the  genus  Trigonocarpum,  With 
some  rare  fragments  of  Calamitesj  recognized  too  in  these  rocks,  they 
would  indicate  their  age  as  true  Carboniferous  or  Lower  Permian.  In 
crossing  this  ridge  along  Oil  Creek,  east  of  Canon  City,  the  underlying 
strata  from  which  the  bitumen  there  percolates,  mixed  with  the  water, 
are  mostly  beds  of  black  shale,  which  appear  referable  to  the  Devonian, 
at  least  from  the  analogy  of  their  compound  and  color.  I  do  not  know 
that  any  kind  of  fossil  has  been  remarked  in  connection  witti  them,  and 
this,  too,  is  a  point  of  analogy  with  our  oil-bearing  Devonian  black 
shales,  so  extensively  developed  from  Arkansas  to  Pennsylvania,  and  rec- 
ognized everywhere  by  their  geological  position  and  the  large  propor- 
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tion  of  bitumen  which  they  contain,  though  mostly  barren  of  fossil  re- 
mains. 

From  Bawlings,  still  on  the  line  of  the  (Tnion  Pacific  Bailroad,  the 
Lignitic  formation  soon  comes  np,  bordering  the  belt  of  the  Gretaceoos 
wMch  passes  southward,  and  at  Separation,  ten  miles  west,  a  bed  of 
coal,  reported  11  feet  thick,  has  heea  opened  and  then  abandoned  for  a 
time  on  account  of  the  difficulty  of  mining  it,  and  of  its  distance  from 
the  railroad.  At  Greston,  fourteen  miles  farther  west,  no  coal  has  been 
found  exposed,  but  a  bed  of  lignite  has  been  passed  by  a  boring  at  83 
feet  from  the  surface.  The  coal  is  reported  4  feet  thick  and  of  good 
quality.  Here  the  strata  are  nearly  horizontal,  and  it  is  probably  the 
same  bed  which  thirteen  miles  farther  west,  at  Washakie  Station,  is 
indicated  by  a  boring  as  being  3^  feet  thick  at  120  feet  from  the  surface. 
As  Washakie  Station  is  333  feet  lower  than  Greston,  this  difference,  with 
that  of  the  distance  from  the  surface  to  the  coal,  would  indicate  a  dip 
to  the  west  of  about  30  feet  per  mile.  The  records  of  this  last  boring, 
which  I  owe  to  the  kindness  of  Mr.  John  Denover,  station-agent,  further 
indicate  a  stratum  of  red  paint  20  inches  thick  at  180  feet,  and  then  a 
SQccession  of  beds  of  soapstone  alternating  with  beds  of  white  sand- 
stone to  675  feet,  where  water  was  obtained.  The  beds  here  called 
soapstone  did  offer  to  the  bore  as  much  resistance  as,  if  not  more  than, 
white  saudstofie.  Though  no  positive  evidence  can  be  drawn  from  these 
records,  it  appears,  however,  that  the  thick  formation  of  white  sand- 
stone, interlaid  by  beds  of  hard  clay-shale,  represents  the  sandstone 
formation  of  the  Lower  Lignitic.  Generally  springs,  mostly  of  mineral 
water,  flow  out  at  its  base,  near  its  line  of  superposition  to  the  compact 
and  impermeable  clay-beds  and  black  shale  of  the  Upper  Cretaceous.* 

§  7.  Black  Butte  to'  Rock  SPBiwa. 

In  following  the  railroad  from  Black  Butte  westward,  the  Lignitic 
formation,  already  seen  at  the  surface  of  the  country  from  below  Bitter 
Creek  Station,  forms  an  irregularly  broken  ridge,  whose  general  dip 
toward  the  east  is  varied  by  low  undulations.  In  that  way  the  measures 
slowly  ascend  to  Point  of  Bocks,  where  they  overlie  the  black  shale  of 
the  Cretaceous  No.  4,  there  constituting  the  axis  of  an  anticlinal,  which 
is  cut,  below  Point  of  Bocks,  by  the  meanders  of  Bitter  Greek.  The 
coanterface  of  the  axis  appears  westward  in  corresponding  strata  after 
passing  Saltwell  Yalley,  and  hence  the  dip  to  the  west  brings  to  the 
sorface  the  upper  strata  of  the  Lignitic  at  Bock  Spring.  The  section  of 
the  measures  is  perfectly  clear  and  exposed  ia  its  whole  length.  At 
Point  of  Bocks,  and  near  the  highest  part  of  the  anticlinal  axis,  the 
Cretaceous  strata  are  exposed  80  feet  in  thickness,  immediately  and 
eonformably  overlaid  by  185  feet  of  the  Lignitic  sandstone  wliich  from 
its  base  bears  fucoidal  remains.  It  has  moreover  the  composition,  mode 
of  disintegrations,  &c.,  remarked  already  in  the  same  formations  at  the 
Raton.  East  of  the  station,  25  feet  above  the  base  of  this  sandstone, 
there  is  a  bed  of  coal  8  feet  thick.  Farther  east,  at  Hallville,  a  Lignitic 
bed,  overlaid  by  shales  where  are  imbedded  a  quantity  of  fossil-shells, 
is  worked  near  the  level  of  the  valley  at  a  short  distance  from  the  rail- 
road. At  Black  Buttes  a  bed  of  lignite  is  worked,  too,  above  the  Eocene 
sandstone,  as  indicated  by  the  following  section  taken  from  the  railroad, 
half  a  mite  east  of  the  station : 

*  For  farther  details  on  the  geology  of  that  barren  and  wild  oonntry,  see  Dr.  F.  T. 
Haydon's  Report,  1870,  pp.  139, 140 
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From  base  upward: 

Ft.  liu 

1.  White  sandstone  concretionary,  weathering  in  cavities,  with  abundance 

of  fucoidfl 118  0 

2.  Shale  and  fire-clay 16  0 

3.  Coal 4  0 

4.  Black,  soft  laminated  shale 10  0 

5.  Fire-clay,  gray  and  chocolate  colored 5  0 

6.  Coal,  (main) 8  0 

7.  Argillaceous  and  sandy  yellowish  shale,  with  a  quantity  of  dicotyled- 
onous leaves 10.  9 

8.  Coal-streak 0  3 

9.  Argillaceous  shale  and  day 7    0 

10.  Shaly  sandstone,  often  ferruginous 10    0 

Above  this,  and  on  the  other  side  of  the  hills  toward  the  station,  the 
sandstone  with  the  characters  indicated  for  No.  1  of  the  section,  ascends 
to  the  level  of  this  section,  does  not;  contain  any  coal,  and  is  overlaid 
still  by  about  50  feet  of  measures,  mostly  shale  clay-beds,  with  fossil- 
shells  mixed  with  plants.  There  is.  too,  a  stratum  of  ashes  or  baked 
clay,  where  bones  of  a  Saurian,  shells,  dicotyledonous  and  Sabal  leaves 
are  mixed  in  a  confused  mass.*  Though  the  best  parts  of  the  Saurian  had 
been  taken  out  already,  I  got  some  specimens  bearing  on  the  same 
pieces,  fragments  of  bones,  shells,  and  fossil-leaves.  About  at  the  same 
level,  and  a  few  hundred  yards  northwest,  the  top  hills  are  composed 
of  baked  red  shale,  where  specimens  of  dicotyledonous  leaves  and 
small  shells  are  also  found  mixed  together.  In  the  strata  marked 
on  the  section,  other  kinds  of  remains,  too,  have  to  be  mentioned.  The 
sandstone  No.  1  of  the  above  section  has  fucoidal  remains  beautifally 
preserved.  One  specimen  of  Malimenetes  is  seen  in  an  erect  position 
unfolding  its  branches  about  10  feet  high,  with  a  stem  more  than  1  inch 
wide,  as  clearly  defined  upon  the  vertical  face  of  the  sandstone  as  if 
painted  there  by  hand.  It  is  upon  a  large  detached  block  quite  near 
the  mine  on  the  side  of  the  railroad.  The'sandstone  itself,  ftdl  of  round 
concretions  varying  from  the  size  of  an  egg  to  that  of  the  head,  is 
molded  and  -dug  by  weathering  in  still  more  diversified  and  remarkable 
forms  than  the  same  sandstone  at  the  Raton  Mountains.!  In  the  hills 
facing  the  depot,  its  walls  are  dug  into  a  multitude  of  niches  of  every 
size  and  form,  which  the  children  of  the  station  use  as  store-rooms  for 
play,  and  where  they  expose,  as  in  cabinets  or  shops,  the  various  and 
curiously  molded  concretions  found  around  in  the  sand.  And  above  the 
main  coal,  too,  the  shale  of  the  stratum  marked  No.  7  of  the  section 
has  the  best-preserved  specimens  of  fossil-leaves  found  as  yet  in  the 
Tertiary  formations  of 'ours,  and  this  in  profusion.  Indeed  the  whole 
country  at  and  around  Black  Butte  offers  rich  mines  of  interesting  and 
valuable  materials  for  the  study  of  the  geologist  and  paleontologist. 

At  Eock  Spring,  as  said  above,  the  upper  strata  of  the  same  forma- 
tion come  to  the  surface,  and  there  a  splendid  bed  of  lignite  8  to  9  feet 
thick  has  been  worked  for  a  long  time,  from  just  above  thick  banks  of 
white  fhcoidal  sandstone.  In  this  sandstone  the  remains  of  marine 
plants  are  as  numerous  as  at  Black  Buttes,  and  as  well  preserved^  too. 
This  sandstone,  from  the  section  given  below,  is,  with  its  alternate  beds 
of  hardened  clay  shale,  about  100  feet  thick.    Most  of  its  strata  are 

*  A  large  Dinosanrian  discovered  by  Professor  B.  F.  Meek,  and  dug  oat  in  pieoea  br 
Professor  £.  D.  Cope.    American  Joamal  of  Science  and  Aria,  December,  183^  p.  489. 

t  For  more  details  on  this  sandstone,  on  the  geological  direction  of  the  strata,  on  the 
distribution  of  coal-beds,  &c.,  from  Black  Battes  to  Bock  Springs,  see  Dr.  F.  Y.  Hav- 
den's  Report,  1870,  pp.  140-142. 
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exposed  in  the  hills  southeast  of  the  station.  Some  of  them  have  a  few 
fossil  dicotyledonous  leaves.  They  overlie  the  bed  of  coal  marked  4 
feet  in  the  section,  the  Van  Dyke  bed,  which  is  opened  and  worked  near 
the  railroad,  two  miles  east  of  Bock  Springs. 

When  I  passed  Bock  Spring  a  boring  for  an  artesian  well  wa^  still 
in  progress  and  had  already  reached  1,180  feet  Mr.  Frank  F.  Phelps, 
to  whom  I  am  indebted  for  many  kind  offices  and  valuable  information, 
gave  me  the  following  records  of  this  boriug.  Though  the  nature  of  the 
strata  separating  coal-beds  is  not  marked,  some  interesting  deductions 
may  be  furnished  to  discussion  by  the  succession  of  the  measures. 

At  7  feet  from  surface,  after  passing  sandy  soil  and  black  shale : 

Ft.  In. 

L  Mainooal 8  0 

At    117  feet,  after  beds  of  hard  sandstone,  shaly  sandstone,  and  soapstone, 
intercalated : 

2.  Coal  worked  two  miles  east 4  0 

3.  At  149  feet,  coal 3  4 

4.  At  268  feet,  coal 5  5 

5.  At  384  feet,  coal 3  0 

6.  At  353  feet,  coal 2  6 

7.  At  377  feet,  coal 2  1 

8.  At  420  feet,  coal 3  ft 

9.  At  447  feet,  coal 1  8 

10.  At  476  feet,  coal 2  C 

11.  At485  feet,  coal 2  0 

12.  At  577  feet,  coal 2  6 

U  At  606  feet,  coal .: 3  0 

14.  At  640  feet,  coal 1    8 

15.  At  668  feet,  coal 1    8 

16.  At  726  feet,  coal 2    0 

Between  all  these  coal-banks  the  strata  passed  through  were  constantly 
eoi^stone  and  sandstone;  the  soapstone  looking  like  blue  fire-clay,  but 
more  dif&cult  to  pass  with  the  bore  than  the  sandstone.  From  780  to 
1480  feet,  the  depth  reached  when  I  was  there,  the  strata  are  merely 
white  sandstone,  alternating  with  shale. 

Tins  record  seems  to  show  an  extraordinary  or  abnormal  development 
of  lignite-strata.  We  have  here  sixteen  beds  of  this  coal,  measuring  in 
the  whole  48  feet  in  thickness,  in  little  more  700  feet  of  measures.  This^ 
however,  is  not  different  from  what  has  been  seen  elsewhere  already,  in 
some  exposures  of  the  upper  Lignitic  formations.  The  section  at  Mar- 
shalFs,  as  published  in  Dr.  F.  Y.  Hayden's  Beport,  (1869,)  pp.  29  and 
30,  marks  eleven  beds  of  lignite,  which,  taken  all  togetuer,  measure  63 
feet,  and  this  in  less  than  600  feet,  of  strata,  overlying  the  lower  sand- 
stone and  exposed  above  surface.  There  is  merely  at  Eock  Springs  an 
increased  thickness  of  the  sandstone-beds,  which  is  normal,  and  is  easily 
understood  in  considering  the  mode  and  development  of  the  Li^itic 
formation. 

From  Bock  Springs  to  the  base  of  the  hills  north  of  the  station,  six 
to  seven  miles  (Ustant,  the  bottom  of  the  valley  is  nearly  ilat,  bordered 
by  low  ridges  of  shaly  sandstone,  passing  to  mere  hillocks,  and  then  to 
sand  and  day  detritus  from  the  northern,  hills  which  overlie  here  the  Lig- 
nitic. They  belong  to  the  Green  Biver  Group  of  Hay  den,  and  appear  in- 
deed to  form  a  distinct,  well-characterized  division  of  the  Tertiary.  My 
purpose  in  visiting  these  hills  was  first  to  see  a  remarkable  stratum, 
mere  compound  of  shells  glued  together  by  ferruginous  and  calcareous 
day,  tiie  whole  mass  mostly  siUcified.  These  molluscs,  generally 
small,  appear  firesh-water  species,  and  of  more  recent  types  than  those 
vhich  I  had  found  in  the  black  shale  over  the  main  coal  of  Bock  Springs. 
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Bat  I  was  especially  anxioas  to  ascertain  if  the  conglomerate  formation, 
remarked  at  the  other  localities,  had  here  left  some  traces  as  indication 
of  its  superposition  to  the  upper  Lignitic  strata.  Nothing  like  it  is  seen 
either  at  the  top  of  the  hillocks  or  in  the  broad  bottoms  of  the  valley  in 
crossing  it  northward  in  a  direct  line  from  Bock  Springs.  Near  this 
station  only,  the  top  sandstone  is,  here  and  there,  strewn  with  loose 
pieces  of  silicified  and  finely  opalized  wood ;  but  I  have  seen  no  pebbles 
with  them.  This  exploration,  however,  was  too  rapid  and  snperAcial 
to  afford  positive  evidence.  It  should  be  repeated  under  more  fav<^- 
able  circumstances,  and  pursued  in  different  directions,  especially  toward 
the  upper  end  of  the  valley. 

§  8.  Green  Ktver  Station. 

All  that  can  be  said  in  a  general  way  on  the  succession  and  the  com- 
pounds of  the  strata  of  the  Green  Eiver  group  is  already  published  in 
the  reports.  As  I  shall  have,  however,  to  remark  upon  the  composition 
of  the  numerous  beds  of  bituminous  shale  of  this  formation  in  exam- 
ining the  value  of  the  combustible  mineral  of  the  Lignitic,  and  also  to 
consider  the  relation  of  the  fossil-plants  which  have  been  found  in  some 
of  its  strata,  it  is  convenient  to  have  for  future  reference  a  detailed  sec- 
tion of  the  measures.  The  following  is  taken  from  near  Green  River 
Station,  where  the  succession  of  strata  is  clearly  seen  and  exposed  in  a 
comparatively  great  thickness.  This  section  is  from  top  of  Pilot  Hill 
downward. 

Feet. 

1.  Hard,  red  feiTumDOus  sandstone  in  layers 50 

2.  Sbaly,  reddish,  laminated  argillaceous  sandstone,  'with  abundant  remains  of 

fishes 55 

'3.  Black  bituminous  calcareous  shale 7 

4.  Red  shaly sandstone 5 

5.  Black 'bituminous  shale,  with  remains  of  fishes • 5 

6.  Hard,  shaly,  argillaceous  sandstone 7 

7.  Black  bituminous  shale  in  bank • 25 

8.  Calcareous  thin  beds  of  shale  and  black  bituminous  layers  alternating 70 

9.  Soft,  white,  calcareous  shale 5 

10.  Hard,  white,  calcareous  shale 5 

11.  Bituminous  shale  and  remains  of  fishes i 5 

12.  White,  soft,  calcareous  shale 15 

13.  Shaly  yellow  sandstone 13 

14.  Clay  shale,  topped. by  half  a  foot  of  bituminous  shiUe 20 

15.  White  calcareous  shale,  interlaid  by  green  sand • 72 

16.  Bituminous  black  shale 2 

17.  Argillaceous  shale 33 

18.  Sandstone  shale 15 

19.  Soft,  laminated  clay  shale 17 

20.  Shaly  sandstone   5 

21.  Soft  calcareous  shale 20 

22.  Harder  laminated  shale,  mixed  beds 22 

23.  Hard  calcareous  rock 5 

24.  Soft  shale  and  white  clay .: 25 

25.  Covered  space  to  bed  of  river • 45 

54S 


This  section  indicates  a  thickness  of  abont  40  feet  of  bitnminons 
matter  distributed  in  thin  beds,  besides  the  70  feet  thick  bed  Ko.  8,  com- 
posed of  alternate  layers  of  calcareous  and  bituminous  shales.  All 
these  shales  are  more  or  less  impregnated  by  bitumen,  and  sometimeB 
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SO  mach  charged  with  it  that  it  percolates  through  rocks  of  sandstone 
under  them.  As  atmospheric  action  vaporizes  and  dissolves  the  hitumen^ 
the  exposed  faces  of  the  strata  are  generally  whitish,  and  do  not  show  on 
the  ootside  the  appearance  of  their  composition.  But  when  cut  into  a  few 
feet  deep,  the  otisie  are  found  as  hard  and  as  black  as  cannelcoal,  breaking 
in  even  fhictare  without  marks  of  lamination.  This -has  caused  a  great 
deal  of  useless  researches,  borings,  and  tunnelings,  from  unreliable  re- 
ports on  the  presence  of  true  coal  at  various  localities  around  Green  River 
Station.  From  my  own  exploration  of  these  formations,  I  am  satisfied 
that  they  do  not  have  any  bed  of  true  lignite.  The  shales  are,  however, 
valnable,  and  may  yield  by  distillation  an  amount  of  bitumen  large 
enough  to  be  remunerative,  when  this  matter  becomes  available  to  some 
purpose  in  the  distant  localities  where  it  is  found.  This  bitumen  ap- 
pears to  be  essentially  the  result  of  the  decomposition  of  animal  matter. 
I  have  looked  in  vain  in  the  shales  for  remains  of  vegetables.  In  the 
lowest  stratum  only,  No.  16  of  the  section,  1  have  found  an  obscure  im- 
pression resembling  a  leaf  of  grass  or  a  narrow  flattened  stem,  rather 
referable  to  some  f^h-water  plant  than  to  a  marine  vegetable.  From 
the  thinness  of  the  strata  of  the  Green  Eiver  group,  their  extreme 
diversity,  their  multiplication,  and  their  compounds,  they  seem  to  be 
the  result  of  deposits  in  shallow  lakes  where  materials  were  originated 
and  mixed.  These  lakes  were  inhabited  by  a  prodigious  quantity  of 
fishes,  which,  destroyed  at  repeated  periods  by  drought,  have  partiy  fur- 
nished the  bitumen  to  the  shales  where  their  skeletons  are  preserved. 
Whenever  I  had  time  to  search  for  them,  I  have  scarcely  failed  to  find  traces 
of  fish-remains  in  the  numerous  beds  of  bituminous  shale  which  I  have 
examined.  It  is  probably  to  the  periodical  drain  or  desiccation  of  these 
lakes,  to  repeated  variations  of  level  in  these  fresh- water  basins,  that  is 
dae  the  absence  of  beds  of  lignite ;  these  changes  having  prevented  the 
heaping,  preservation,  and  slow  maceration  of  vegetables,  which  are  ob-' 
tainable  only  under  the  permanent  influence  of  water.  The  alternations 
of  submersion  and  drougth,  on  the  contrary,  cause  a  total  decomposition 
of  vegetable  remains  resultinginthe  formation  of  mud  and  clay.  Even  ani- 
mal remains,  especially  small  moUusks,  are  afiected  and  soon  destroyed 
under  the  same  influence.  The  records  attest  that  in  Denmark,  some 
shallow  lakes  have  been  thus  filled  in  four  years  with  two  feet  of  cal- 
careous clay  by  the  decomposition  of  Characeae  and  thin-shelled  Cyclas 
and  Phygas.  Fossil  dicotyledonous  leaves  have  been  found  in  yellow  clay 
shales,  near  Green  Eiver  Station,  and  have  been  already  described.  As 
yet,  remains  of  this  kind  appear  very  rare  in  this  formation. 

§  9.  EVANSTON. 

A  good  description,  with  fine  sections  of  the  lignite-beds  of  this  lo- 
cality, has  been  given  by  Mr.  A.  0.  Peale,  in  Dr.  F.  V.  Hayden's  last 
report,  (1871,)  p.  194.  I  have  nothing  to  add  to  the  observations  most 
carefully  made  and  to  the  details  given  on  this  remarkable  deposit  of 
combustible  mineral,  but  wish  only  to  make  a  few  remarks  on  the  dis- 
tribution of  the  strata  overlying  the  lignite-beds,  especially  in  regard 
to  the  conglomerate  formation  which  tops  the  hills.  The  sections  of 
Mr.  Peale  go  to  the  top  of  the  upper  coal-bed.  From  this,  in  ascending 
order,  the  following  strata  are  exposed  in  the  hill  above  the  works  of  the 
Wyoming  Coal  Company : 

22  a  S 
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Feet 

1.  Argillnceona  shale,  with  ferruginous  coDcretious 9& 

%  Shaly  sandstooei  sometimes  In  banks  and  very  hard,  with  fossil  dicotyledo- 
nous leaves 11 

3.  Alternating  beds  of  shale  and  shaly  sandstone 106 

4.  Sandstone  in  bank 11 

&.  Shale  and  clay  banks,  mostly  olay-covered 145 

6.  Bituminous  clay 10 

7.  Conglomerate,  lower  bank 27 

8.  Fine-grained  sandstone,  with  thin  layers  of  coarse-grained  sandstone 32 

9.  Conglomerate,  topped  with  coarse  sandstone 37 

10.  Hard,  yellow,  fine-grained  micaceous  sandstone , 32 

11.  Conglomerate  to  top 40 

547 


la  these  547  feet  of  measares  above  the  coal,  the  upper  part,  mostly 
ooDgloinerate  strata  alternating  with  sandstone,  is  168  feet.  Comparing 
this  section  to  that  of  Colorado  Springs,  above  the  Gehrung  coal, 
where  the  same  kind  of  conglomerate  tops  the  Lignitic  formation,  we 
cannot  bat  find  a  remarkable  analogy,  not  to  say  identity,  between 
both.  At  Colorado  the  conglomerate,  as  shoald  be  expected  from 
the  greater  distance  to  the  point  where  the  materials  have  originated, 
is  composed  of  smaller  pebbles.  The  thickness  of  the  same  measares  is, 
too,  reduced  by  erosion.  But  the  relation  and  alternance  of  the  strata 
is  similar.  The  same  can  be  said  of  the  Upper  Lignitic  of  CaiioQ  City 
and  of  other  localities  reported  by  Dr.  Hayden.  From  this,  and  also  from 
the  conformability  of  these  conglomerate  beds  with  those  of  the  Juigmtic 
which  they  overlie,  I  am  disposed  to  consider  them  as  of  the  same  age 
and  as  marking  the  close  of  the  Lignitic  group.  The  conformability  of 
the  strata  is  especially  remarkable  at  Evanston,  and  easily  recognized 
along  the  hills  facing  the  river,  cut  nearly  vertically  and  sloping  northeast 
by  a  dip  of  about  10^.  If,  as  it  has  been  supposed,  this  conglomerate  forma- 
tion was  more  recent  and  had  covered  Tertiary  strata  of  different 
groups,  this  alternance  of  conglomerate  with  sandstone  strata,  in  {>er- 
feet  concordance  to  the  soft  bituminous  day-beds  which  they  overlie,  is 
nnexplainable.  Further  evidence,  however,  will  be  afforded  on  this 
important  question.  The  amount  of  materials  brought  up  for  this  forma- 
tion is  beyond  computation.  They  not  only  form  the  essential  com- 
X)ounds  of  hills  over  wide  areas,  but  their  debris  covers  the  plains  for 
hundreds  of  miles  around  the  nuclei  which  now  stand  as  mere  dwindled 
monuments  of  a  wide-spread,  as  yet  inexplicable  agency.  The  pebbles 
composing  the  conglomerate  of  Evanston  vary  in  size  from  that  of  a 
pea  to  that  of  the  bead  ;  the  most  common  are  as  large  as  the  ffst. 
They  are  all  rounded,  without  exception  true  pebbles,  as  if  they  had 
been  rolled  by  water  for  a  long  time.  As  at  the  other  places  where  they 
have  been  remarked,  they  are  of  the  same  materials  as  those  which 
now  compose  the  mountain-ridges  of  the  vicinity,  and  are  glued  together 
by  a  kind  of  calcareous  cement,  hardened  locally  by  ferruginous  infiltra- 
tions. 

Dicotyledonous  fossil-plauts  are  found  in  quantity  in  a  bituminous 
shale  overlying  the  upper  coal  of  Evanston,  and,  too,  in  the  sand- 
stones marked  on  the  sections  Nos.  2,  3,  4.  This  sandstone  is  bard  and 
compact  enough  at  some  places  to  afford  good  building-materisds.  On 
one  of  the  blocks  used  for  construction  at  the  mines  I  saw  a  well-pre- 
served leaf  of  a  Populus,  larger  than  any  as  yet  found  of  this  genus,  in 
a  fossil  state.  It  measured  more  than  6  inches  in  length  without  the 
petiole.   In  the  shale  above  the  coal,  the  leaves  are  crowded,  heaped  upon 
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another,  and  tbongh  well  preserved  by  a  thin  incrustation  of  coal  upon 
their  sarface,  they  are  rarely  isolated,  and  their  nervation,  too,  being 
scarcdy  distinct,  their  determination  is  difficult  and  somewhat  uncer- 
tain. I  did  not  ^nd  at  Evanston  any  fucoidal  remains.  The  specimens 
obtained  by  Dr.  Peale,  however,  have,  in  a  hard,  gray  sandstone,  two 
branches  of  a  fucoid,  {Halimenites  major j)  labeled  from  that  locality. 

§  10.  Coalville,  Utah. 

This  place  is  known  to  me  only  from  descriptions  given  by  Dr.  Hayden, 
Mr.  Hodge,  and  other  explorers.  "So  fossil  remains  of  land-plants  have 
as  yet  been  obtained  from  strata  in  connection  with  the  Lignitic  beds. 
Judging  from  the  relative  disposition  of  the  coal-beds,  their  thickness 
and  their  chemical  compounds,*  I  have  been  disposed  to  consider 
them  as  equivalent  to  those  of  Evanston.  Professor  B.  F.  Meek's  ob- 
servations, however,  as  published  in  this  report,  indicate  for  the  geology 
of  Coalville  a  series  of  Lignitic  strata  with  intermediate  beds,  clay  and 
sandstone,  bearing  remains  of  evidently  Cretaceous  animal  species,  there- 
fore tending  to  re^r  the  whole  series  to  Cretaceous.  Except  the  fucoid 
species,  abundantly  found  at  Coalville  by  the  same  observer,  we  have  no 
botanical  evidence  to  bear  upon  the  question  of  the  age  of  these  strata.  I 
believe,  nevertheless,  that  this  case  is  of  the  same  nature  as  that  of  Black 
Botte,  where  Cretaceous  animal  fossils  are  found  hundreds  of  feet  higher 
in  the  measures  than  thick  beds  of  lignite,  immediately  overlaid  by  shale- 
bearing  remains  of  plants  positively  of  Tertiary  age.  Facts  of  this ' 
kind  have  to  be  judged  from  a  gene];al  point  of  view,  in  considering  the 
evidence  of  general  relation.  For,  indeed,  in  a  formation  like  the  Lig- 
nitic, which  may  be  called  a  formation  of  transition,  the  evidence  , 
given  by  vegetable  and  animal  paleontology,  or  by  laud  and  marine 
remains,  can  but  disagree  sometimes. 

THE  WESTERN  LIGNITIC    FORMATION  CONSIDERED  AS  EOCENE. 

Dr.  Hayden  in  his  reports  has  constantly  alluded  to  the  Lignitic  group, 
especially  to  the  barren  sandstone  underlying  it,  as  to  beds  of  passage 
or  of  transition  between  the  Cretaceous  and  the  Tertiary,  often  men- 
tioning them  as  Eocene.  No  formation  is  exclusively  limited  in  its  char- 
acters, at  least  not  in  those  which  are  supplied  by  ifossil  remains.  Ou 
Uiis  account,  every  geological  division  might  be  considered  as  being  a 
transition,  and  this  is  especially  the  case  for  the  strata  intermediate  be- 
tween a  marine  and  a  land  formation ;  as,  for  example,  in  the  Carbon- 
iferous epoch,  to  which  our  Lignitic  has  so  many  points  of  similarity. 
Devonian  animal  fossils  ascend  to  the  Subcarbouiferous,  or  even  to 
the  true  Carboniferous  measures,  which  have  also  species  of  inverte- 
brate animals  characteristic  of  the  Permian ;  and  the  plants  which  have 
entered  Into  the  composition  of  the  coal  are  found  already,  some  of 
them  at  least,  in  the  Middle  Devonian,  the  Hamilton  period ;  while  the 
most  common  species  of  ferns,  even  of  Sigillaria  of  the  Carboniferous, 
have  left  traces  of  their  presence  high  up  in  the  Permian.  The  same 
might  be  remarked  on  every  other  artificial  group,  which  geologists 
have  to  fix  for  convenience  and  better  understanding.  The  discussion, 
therefore,  on  the  age  of  the  formation  called  Eocene,  and  now  under  con- 
sideration^ should  not  admit  as  evidence  isolated  facts  in  contradiction 
to  the  persistence  of  general  characters  observed  over  wide  areas, 
in  great  thickness  of  strata,  and  which  give  to  the  whole  a  kind  of 

*  Mr.  Hodge's  paper  in  Dr.  Hayden's  Report,  1870,  p.  321. 
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homogeneity  in  correlation  with  the  forces  which  have,  at  the  same 
time,  modified  the  surface  of  our  earth.  The  Upper  Cretaceous,  from 
indications  of  the  remains  of  a  deep  marine  fauna,  is  positively  char- 
acterized as  a  deep  marine  formation.  Immediately  over  it,  the  sand- 
stone shows  in  its  remains  the  result  of  the  upheaval  of  a  wide  sur- 
face, exposed  to  shallow  marine  action,  as  indicated  by  fucoidal  life. 
The  upheaval  continuing,  this  area  is  brought  out  of  marine  influence 
to  be  exposed  to  that  of  the  atmosphere.  It  is  a  new  land,  cut  in  basins 
of  various  size,  where  fresh  water  is  by  and  by  substituted  to  brine, 
where  vegetable  life  of  another  character  appears,  where  swamps  are 
filling  with  clay  by  floating  plants,  where  peat-bogs  in  their  growth 
form  deposits  of  combustible  matter,  &c.  To  suppose  that  the  marine 
action  is  totally  banished  from  such  a  land  would  demand  the  absurd 
admission  of  an  absolutely  flat  surface.  Of  course  estuaries  penetrate 
into  it  at  many  places;  their  waters  feeding  marine  species,  brackish 
shells;  their  bayous  inhabited  by  Saurians,  and  their  remains  are 
mixed  with  leaves  of  the  trees  growing  on  the  borders  and  preserved 
together  in  a  fossil  state,  without  impairing  the  true  character  of  the 
formation  by  what  paleontology  considers  as  types  of  different  ages. 
The  surface  of  the  Eocene  sandstone,  before  its  separation  firom  marine 
influence,  was  of  course  uneven.  This  sandstone  has  therefore  the  g^en- 
era!  characters  of  the  Eocene,  while  in  some  troughs,  Cretaceous  species, 
still  living  in  deep  water,  may  have  left  their  remains  in  the  sand. 
Even  if  these  remains  were  numerous,  their  presence  does  not  change 
the  age  of  the  formation.  But  on  this  subject,  and  in  comparing  oar  . 
Eocene  sandstone  to  the  other  groups  established  by  geology,  we  flnd, 
in  its  abrupt  and  permanent  separation  from  the  Cretaceous,  its  litho- 
logical  compounds,  its  total  barrenness  from  animal  remains,  at  least 
generally,  ^nd  the  nomogeneity  of  its  flora,  reliable  and  constant  char- 
acters better  defined  than  in  any  geological  division  admitted  by  science. 
This  sandstone  formation  is  inexplicable.  It  can  be  compared  to  noth- 
ing but  to  the  millstone-grit  of  the  Carboniferous  epoch.  How  to 
explain  why,  at  once,  animal  life  seems  to  disappear  from  the  bottom 
of  the  sea,  to  be  superseded  by  marine  vegetation  t  May  this  change 
have  been  caused,  i>erhaps,  by  a  rapid  increase  of  temperature  of  the 
water  brought  up  by  the  force  acting  to  the  upraising  of  the  bottom 
into  land,  and  afterward  into  chains  of  mountains  t 

Though  it  may  be  this  change  is  evident  and  proves  the  geological 
discrimination  of  the  Eocene  sandstone  from  the  Cretaceous,  a  separation 
the  more  remarkable  that,  from  numerous  observations,  this  sandstone  is 
reported  constantly  conformable  to  the  Upper  Cretaceous  beds.  As  Dr. 
Hayden  remarks  in  his  description  of  the  Lignitic  group  of  Nebraska,* 
^^  When  we  bear  in  mind  the  fact  that  wherever  this  formation  has  been 
seen  in  contact  with  the  latest  Cretaceous  beds,  the  two  have  been 
found  to  be  conformable,  however  great  the  upheavals  and  distortionB 
may  be,  while  at  the  junction  there  seems  to  be  a  complete  mingling  of 
sediments,  one  is  strongly  impressed  with  the  probability  that  no  im- 
portant member  of  either  system  is  wanting  between  them.'' 

This  intimate  connection  of  two  sandstones  of  different  ages  appears 
to  be  of  frequent  occurrence  along  the  Pacific  shores,  and  to  have  caused 
some  difference  of  opinion,  and  some  confusion  too,  in  reference  to  the 
age  of  these  strata.  Professor  Gab,  in  a  very  valuable  paleontological 
document,  published  in  vol.  3  of  the  Proceedings  of   the  California 


*  Geological  report  on  the  explorations  of  the  Yellowstone  and  Missouri  Rivera,  1859 
and  1860,  p.  30. 
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Academy,  page  305,  remarks,  on  the  lower  sandstone,  '^  that  it  has  often 
been  considered  as  Eocene,  but  that  it  is  proved  to  be  of  Cretaceous  age 
by  the  large  number  of  Cretaceous  species  which  it  contains,  these 
already  resembling  Tertiary  types.'^  He  adds,  however,  that  these  Upper 
Cretaceous  strata  are  '^  everywhere  overlaid  by  an  immense  deposit  of  non- 
fomliferous  sandstone.^  It  is  this  last  non-foi^siliferous  sandstone  which 
belongs  to  the  Eocene.  It  has  in  California  the  same  characters  which 
mark  it  on  the  eastern  side  of  the  Bocky  Mountains.  Professor  Gab  has 
found  facoidal  remains  in  it.  It  has  been  seen  all  over  California  at  the 
base  of  the  Coast  Range,  and  I  believe  that  the  lignite-beds  from  Oregon 
southward,  even  from  Vancouver's  Island,  will  be  recognized  in  the 
Eocene,  formed  as  at  other  localities,  either  near  the  base  or  within  or 
above  the  sandstone.*  The  objections  against  the  Tertiary  age  of  the 
Lignitic  are  partly  answered  by  these  remarks.  They  have,  however,  to 
be  considered  in  detail. 

To  my  knowledge  only  two  specimens  of  Cretaceous  fossil  have  been 
as  yet  found  in  the  Eocene  sandstone  of  the  Kocky  Mountains  and  in 
strata  overlying  it,  south  of  Golden.    One  specimen  of  badly  preserved 
Inoceram^is  was  seen  at  or  near  the  base  of  the  Eocene  sandstone,  by 
Dr.  F.  V.  Hayden,  and  still  another  badly  preserved  specimen  of  the 
same  genus  was  found  by  Dr.  John  Leconte  in  a  bed  of  sandstone,  over- 
lying the  Lignitic  beds  of  the  Baton.    It  is  useless  to  argue  on  the 
chances  which  may  have  brought  these  remains  at  the  places  where 
they  have  been  found.    These  cases  are  exceptional  and  unimportant. 
Large  companies  of  explorers  have  passed  the  same  localities  without 
discovering  any  other  marine  fossil  mollusk  in  these  strata,  and  I  have 
myself  carefully  searched  the  indicated  stations  with  the  same  result. 
It  is  otherwise,  however,  with  the  beds  of  oyster  and  other  shells 
temarked  in  great  abundance  firomEock  Springs  to  Black  Butte,  where, 
too,  the  bones  of  a  large  Dinosaurian  were  found  mixed  with  fossil-shells 
and  dicotyledonous  leaves,  and  which  have  served  as  authority  to 
many  geologists  for  their  opinion  on  the  Cretaceous  age  of  the  strata.t 
The  opinion  of  Professor  Meek  on  this  subject  is  especially  to  be  con- 
sidered, as  he  has  not  only  given  much  time  and  care  to  the  determina- 
tion of  the  fossil-shells,  and  has  himself  visited  the  localities,  but  is  so 
cantions  and  careful  in  coming  to  his  conclusions  that  they  merit  full 
confidence.    ]S"ow,  in.  a  letter  on  this  subject,  the  celebrated  professor 
remarks :  ^^  Looking  on  these  invertebrate  remains  alone  and  aside  of  all 
other  facts,  I  could  scarcely  doubt  from  their  affinities  that  they  are 
Eocene— Lower  Eocene.    You  see  there  are  none  of  the  characteristic 
Cretaceous  genera  of  mollusks  among  them — no  InoeeramtiSjUO  Ammon- 
iteSj  no  ScaphiteSj  no  Ba^mlites,  not  a  trace  of  any  of  the  long  list  of 
Cretaceous  or  older  genera,  which  might  be  mentioned,  while  a  majority 
of  the  forms  are  most  nearly  allied  to  the  Eocene  types,  specifieallyP 
Against  this  evidence  Professor  Meek  remarks  on  the  relation  of  shells 
of  the  same  kind  found  at  Coalville  and  at  Bear  Biver,  below  evident 
Cretaceous  species. 

*  In  a  late  paper,  Professor  Dawson,  of  Montreal,  considers  the  fossil  plants  of  Van- 
cmrret's  Island  as  Tertiarv.  I  already  came  to  the  same  conclusion  after  the  examina- 
tion of  the  fossil  plants  of  Dr.  T.  Evans,  as  published  in  American  Journal  of  Science 
ttkd  Arts,  ToL  XXVII,  May,  1859.  pase  362.  This  opinion  was  controverted  afterward 
^y  Dr.  Newberrv,  who  referred  tne  Lignitic  formation  of  Vancouver  to  the  Cretaceous, 
on  SGcomit  of  the  presence  of  Cretaceons  fossil  animal  remains  in  strata  above  the 
coal.  Mv  remarks  on  Blockbutte,  Coalville,  &o.,  are  apparently  applicable  to  Van- 
oonvsr  aUo. 

tAmerican  Journal  of  Science  and  Arts,  December,  1872,  p.  489. 
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To  my  opinion,  this  fact  is  of  great  weight  in  discussing  the  question 
of  the  age  of  these  formations.  For  the  presence  of  deep  marine  species 
in  strata  overlying  remains  of  more  recent  ones  indicates  a  local  sub- 
sidence which  should  be  considered  as  an  exceptional  case,  unimportant 
indeed  in  comparison  to  the  persistence  of  general  characters.  Beds  of 
lignite  of  Eocene  age  may  have  been  formed  at  a  higher  level  or  before 
this  supposed  local  subsidence.  And,  of  course,  as  resulting  from  it  and 
from  a  subsequent  upheaval,  fucoidal  remains  mixed  with  Cretaceous 
shells ;  and  Cretaceous  saurian  bones,  too,  with  brackish  mollusks  and 
dicotyledonous  leaves  of  the  Eocene,  would  be  in  a  position,  if  not  ex- 
actly normal,  at  least  easily  explainable. 

Professor  F.  B.  Meek's  letter  furnishes  another  point  of  evidence  on 
the  same  question,  in  his  remarks  on  a  peculiar  species  of  plant  which 
he  describes,  and  of  which  he  sent  me  numerous  specimens.  It  is  that 
fucoidal  plant,  Halimenites^  which  has  been  mentioned  already  as  one  of 
the  essential  characteristic  species  of  the  Eocene.  He  writes  that  he 
found  it  at  Coalville,  at  least  1,000  feet  below  well-marked  Cretaceous 
beds )  that  it  ranges  also  through  most  of  the  Cretaceous  beds  of  Bear 
Eiver,  and  through  the  whole  of  the  Bitter  Creek  series,  nearly  up  to  the 
Black  Butte  bone-level ;  that  he  saw  it  too  at  Carbon  and  in  the  Creta- 
ceous beds  of  Fort  Steele.  The  range  of  this  species  is  indeed  from  the 
base  of  the  Lignitic  to  its  upper  strata,  those  of  Carbon  and  of  Evans- 
ton,  and,  therefore,  we  have  at  Bear  Creek  and  Coalville  shallow  marine 
plants  and  lignite-beds  under  Cretaceous  remains.  These  last  character- 
istic documents,  or  the  remains  of  Cretaceous  age,  are  local,  merely  in 
isolated  patches ;  the  others  are  recognized  over  the  whole  extent  and 
the  whole  thickness  of  the  Lignitic  formations.  The  question  is,  there- 
fore, reducei)  to  this :  Shall  we  admit  as  Cretaceous  all  these  land  forma- 
tions bearing  from  top  to  bottom  evident  Eocene  characters,  on  account 
of  some  isolated  Cretaceous  deposits  locally  spread  over  them ;  or  shall 
we  consider  the  whole  as  presenting  general  characters  positive  enough 
to  force  its  separation  into  a  new  group  and  call  it  Eocene  t  In  this  case 
we  should  have  to  consider  the  abnormal  disposition  of  Cretaceous  re- 
mains as  resulting  from  local  disturbances  which  are  observable  every- 
where in  this  central  basin,  both  by  repeated  undulations,  pierced  here 
and  there  by  eruptive  rocks,  bearing  irrevocable  marks  of  the  diversilled 
action  of  the  forces  which  have  modified  its  surface. 

As  I  have  not  visited  the  localities,  Bear  Biver  and  Coal  Creek,  where 
the  abnormal  distribution  of  the  strata  has  been  remarked,  the  above 
arguments  may  be  considered  objectionable.  But  how  can  we  dispose 
of  an  evidence,  forced  by  comparison  between  our  Eocene  strata  and 
those  of  the  Carboniferous  epoch,  where,  as  remarked  before,  we  recognize 
facts  similar  to  those  now  under  discussion  t  We  do  not  and  cannot  call 
the  coal  measures  either  Devonian  or  Permian,  on  account  of  some  fossils 
mixed  in  their  strata,  and  identical  to  species  of  these  different  formations. 
Would  it  be  rational  to  admit  that  the  Eocene  shells  and  Eocene  plants 
under  the  strata  bearing  Cretaceous  fossil-remains  may  be  so-call^ 
Eocene  colonies,  decend^  into  the  Cretaceous,  that  the  lignite-beds 
underlying  them  represent  an  escaped  member  of  the  Eocene,  bearing, 
as  it  does,  in  its  flora,  its  compounds,  &c.,  Eocene  characters ;  and  that 
these  Eocene  members  have  become  of  Cretaceous  age  by  the  only  reason 
that  some  Cretaceous  fossils  are  seen  over  them  f  As  legitimate  would 
it  be,  I  think,  to  admit  our  present  epoch  as  Cretaceous  from  the  animals 
of  Cretaceous  types  brought  up  by  deep  soundings  from  the  bottom  of 
our  seas.  But  this  subject  has  to  be  considered  under  another  point  of 
view. 
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That  the  great  Lignitic  formation  of  the  West  belongs  to  a  land  for- 
mation cannot  be  denied,  and  is  denied  by  none.  It  is,  therefore,  to 
the  materials  preserved  from  the  land  that  we  have  especially  to  look, 
as  most  reliable  records  for  the  history  of  this  geological  division. 

GENESAL  CHARACTERS  OF    THE  FLORA  OF  THE  AMERICAN    EOCENE. 

Before  enteriog  into  this  subject,  a  few  words  must  be  said  in  defense 
of  the  above  assertion,  which  assumes,  for  vegetable  paleontology,  an 
importance  too  generally  contested,  at  least  on  this  side  of  the  Atlantic. 
The  first  specimens  of  fossil-plants  from  the  Cretaceous  of  the  West 
were  discovered  by  Dr.  F.  V.  Hayden  in  1855.  They  represented  dicot- 
yledonoaa  leaves,  mostly  different  from  the  species  as  yet  published 
or  known  from  the  Cretaceous  of  Europe.  In  order  to  fix,  if  possible, 
their  relation  of  age,  sketches  of  a  few  of  these  leaves  were  sent  to 
Professor  O.  Heer,  the  most  reliable  authority  for  the  determination  of 
the  vegetable  remains  of  the  recent  formations.  The  celebrated  pro- 
fessor referred  these  Cretaceons  plants  to  the  Miocene.  This  error  has 
been  unjustly  considered  and  remarked  upon  as  invalidating  the  evidence 
of  botanical  paleontology  in  relation  to  the  distribution  of  geological 
groups. 

The  cause  of  the  error  was  essentially  in  the  insufficiency  of  the  ma- 
terials furnished  for  examiuation.  The  mere  outlines  of  leaves  rarely 
give  reliable  characters  for  the  determination  of  fossil-plants.  The 
nervation  has  especially  to  be  considered,  and  this  essential  character 
is  not  marked  upon  mere  sketches  of  leaves,  or  can  be  correctly  copied 
only  by  botanists  of  experience.  A  proof  that  Professor  Heer  did  not  get 
sufficient  materials  to  enlighten  his  examination  is,  that  Professor  New- 
berry, who  had  opportunity  to  see  the  specimens,  recognized  at  once, 
fixHu  the  study  of  their  nervation,  the  character  of  Credneria^  or  of  a 
Cretaceous  type,  in  a  leaf  considered  by  Heer  as  a  Populus.  In  both 
genera  the  leaves  have  the  same  form,  but  the  difference  of  nervation  is 
recognized  at  first  sight.  Could  the  celebrated  professor  of  Switzerland 
have  made  the  mistake  if  the  specimens  had  been  submitted  to  him  t 
But  even  if  the  materials  obtained  for  comparison  had  been  sufficient,  it 
Is  questionable  if  a  European  paleontologist  should  not  have  been 
misled  in  considering  the  general  characters  of  our  Cretaceous  flora, 
and  therefore  forced  to  admit  the  same  conclusions.  For  nothing  at  all 
was  then  known  of  our  Eocene  flora,  and  the  essential  types  of  the 
Miocene  of  Switzerland,  like  those  of  our  Cretaceous  flora,  have  a  greater 
analogy  to  tiiose  of  our  present  arborescent  vegetation,  than  to  those  of 
our  Eocene.  This,  of  course^  could  but  lead  to  the  conclusion  that  both 
are  representative  of  a  same  formation.  This  cause  of  error  does  not  exist 
DOW.  We  have  got  materials  abundant  enough  to  afford  reliable  points 
of  comparison.  More  than  two  thousand  specimens  have  been  examined 
from  one  Eocene  strata,  and  a  comparative  large  number,  too,  from  the 
Cretaceous.  The  data  exposed  by  the  determination  of  the  species  are 
certainly  as  reliable  as  those  which  may  be  offered  by  animal  paleontol- 
ogy. A  few  of  these  data  have  to  be  recorded  here,  though  already 
partly  considered  in  a  former  report. 

Not  a  single  leaf  has  as  yet  been  found  in  our  Eocene  identical  with 
a  Cretaceous  species.  The  genera  especially  represented  in  the  Creta* 
oeous  are :  Sassa/raSy  Credneria^  PlatanuSj  SaliXj  LiquidambeTj  Quercms^ 
PapuliteSf  Liriodendron^  Proteoidss^  DombeU^sU^  AoeVy  and  Juglam.  We 
can  diq^se  at  once  of  the  genus  ProUoiaes  on  account  of  its  as  yet 
naknown  affinity.    It  has  b^n  referred,  as  its  name  indicates  it,  to 
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Australian  types,  but  from  analogy  I  doubt  if  we  may  ascertain  the 
presence  of  any  of  these  types  even  in  our  oldest  floras.  Kow,  we  have 
in  our  Cretaceous,  as  more  easily  recognized  by  their  likeness  to  living 
species,  leaves  of  Sassafras  and  of  Liriodendron^  the  tulip-tree.  If  I 
should  judge  by  the  profusion  of  leaves  of  Sassafras  which  I  have  seen 
in  the  shale  of  the  Dakota  group,  in  the  valley  of  the  Saline  Biver,  and 
around  Fort  Harker,  in  Kansas,!  would  assert  that  more  than  two-thirds 
of  the  vegetation  of  this  epoch  did  consist  of  species  of  this  genus. 
But  then,  as  now,  however,  related  species  appear  to  have  lived  in 
groups,  perhaps  over  limited  areas;  for  at  other  localities  Dr.  Hayden 
found  especially  leaves  of  Liriodendronj  Juglans^  and  of  Platanus^  genera 
scarcely  represented  at  Salina  and  Fort  Harker.  The  groups  may  still 
differ  elsewhere.  The  present  remarks,  however,  must  be  limited  to 
what  is  known,  and  Sassafras  and  Idriodendrtm  have  to  be  considered 
yet  as  the  genera  the  most  profusely  represented  in  the  flora  of  the  Dakota 
group^  even  more,  perhaps,  than  they  are  in  that  of  the  present  time.  The 
American  Eocene  has  not  yet  shown  any  remains  positively  referable  to 
these  genera.  I  have  described  from  specimens  marked  ^^  six  miles  above 
Spring  Caiion^  the  lower  part  of  two  leaves  as,  perhaps,  referable  each 
to -one  species  of  Sassafras  and  of  Liriodendron ;  but  such  fragments 
cannot  be  taken  into  consideration  for  positive  evidence  in  a  compari- 
son like  this.  They  may  represent  leaves  of  different  affinity.  In  the 
Miocene  of  Europe,  per  contra,  the  above  genera  are  represented  by  a 
number  of  species.  One  of  each,  Liriodevdron  and  SassafraSj  are  de- 
scribed from  the  Miocene  flora  of  Greenland,  and  more  trom  that  of 
Germany  and  Italy. — ^The  genus  Credneriay  or  PterospermiteSy  apx>earsto 
represent  forms  of  leaves  of  a  lost  type.  We  have  no  representatives 
of  it  at  our  time,  nor  have  any  been  seen  in  the  Eocene.  It  has 
left  its  remains,  however,  in  the  Miocene  of  Greenland  in  four  dif- 
ferent species.  Seeds,  too,  of  undecided  affinity  are  referred  to  Fterosper- 
mites  from  the  Miocene  of  Oeningen.  The  Eocene  species  of  FlatanuSj 
at  least  the  three  splendid  species  described  by  Dr.  Newberry — Platanus 
Haydeniiy  P.  Baynoldsii^  P.  nobilis — have  no  relation  either  to  Miocene 
or  Cretaceous  types,  which  are  mostly  analogous  to  Platanus  aceraides. 
This  last  species,  however,  like  its  relative,  P.  GuillelmaSy  are  as  common  in 
the  upper  American  Eocene  as  the  former  ones  are  in  the  lower. — Of 
the  species  of  Salix  1  have  remarked  akeady  that  they  are  more  numer- 
ous in  the  Cretaceous  than  in  the  Eocene  of  ours.  They  re-api)ear  more 
abundant  in  the  Upper  Tertiary  groups  of  Green  'Riyev.—Liquidambarj 
the  sweet-gum,  has  one  of  its  species  in  the  Cretaceous.  It  has  been 
described  from  one  leaf  only,  but  I  have  found  recently  a  number  of 
specimens  of  the  same  near  Fort  Harker.  Our  Eocene  has  nothing  like 
it,  while  remains  of  one  species,  Liquidambar  europeuMj  are  found  over 
the  whole  Miocene  of  the  old  continent,  together  with  a  large  nnmber 
of  forms  as  yet  doubtfully  referable  to  this  genus.  Our  Cretaceous  leaf 
is,  x)6rhaps,  of  this  kind,  on  account  of  the  entire  divisions  of  its  leaves ; 
but  this  does  not  change  its  affinity  to  Miocene  forms  of  Europe.  Mas- 
salongo,  in  his  Flora-del-Senigalliese,  has  described  and  figured  AlAquidr 
ambar  scarabellia/num^  with  the  divisions  of  the  leaves  entire,  a  form  much 
like  that  of  our  Cretaceous  species,  only  smaller ;  and  Unger,  in  Flora 
of  Sotska,  has  named  Platanus  siriij  a  leaf  still  more  similar  to  ours. 
These  leaves  are  considered  by  other  authors  as  referable  to  the  genus 
Acer.  This  does  not  make  any  difference.  They  represent  a  type  of 
our  Cretaceous  and  of  the  Miocene  of  Europe ;  as  yet  not  seen  in  our 
Eocene. — It  is  the  same  with  Acer  (maple)  and  Quercus,  (oak.)  They  are 
marked  in  our  Cretaceous,  the  flrst  by  Acer  ohtusilobumymth  characters 
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of  leaves  seen  again  in  the  finropean  Miocene,  and  at  our  present  time 
on  both  continents ;  the  second  by  a  species  related  to  some  varieties 
of  our  chestnat-oak,  and  by  two  others  comparable  by  the  form  of  their 
entire  leaves  to  onr  shingle-oak,  {Querctisimbricariaj  Michx.)  Both  these 
types  are  most  common  in  the  Miocene  of  Enrope }  bat,  like  that  of  the 
Cretaceons  maple,  they  have  not  as  yet  been  observed  in  onr  Lignitic 
Eocene. — ^The  leaves  which  I  have  considered  as  of  a  Juglans^  and  which 
Heer  refers  to  Populusj  P.  Deheyana^  are  of  uncertain  affinity.  Their 
analogy  has  not  yet  been  recognized  out  of  the  Cretaceons. 

I  ooald  pursue  to  some  length  the  examination  of  analogies  of  this 
kind,  which  may  be  considered  as  negative  characters  of  the  American 
Eocene.  Besides  establishing  the  remarkable  relation  of  the  American 
Cretaceous  flora  with  the  Miocene  flora  of  Europe  and  the  present  flora 
of  this  continent,  they  serve  to  prove  the  disconnection  of  our  Eocene 
flora  from  that  of  our  Cretaceous,  indicating  therefore  truly  separate 
fi>rmations. 

The  positive  characters  of  the  same  Lignitic  flora  more  forcibly  still 
elicit  the  same  conclusion.  From  the  beginning,  in  the  examination  of 
the  sandstone  of  the  Baton,  I  have  recorded  the  great  amount  of  fucoidal 
remains  in  this  sandstone,  as  an  essential  character  of  its  Eocene  age. 
The  irregularity  of  distribution  of  marine  vegetable  remains  in  the 
geological  groups  has  been  remarked  by  every  paleontologist.  The 
oldest  formation,  the  Silurian  and  the  Devonian,  have  an  abundance  of 
them.  Hie  Carboniferous,  except  at  its  base,  as  also  the  Trias  and  the 
Permian,  have  scarcely  any.  In  the  Jurassic  they  begin  to  re-appear,  and 
their  number  increases  upward  to  their  maximum  degree  of  distribution  in 
the  Eocene.  Thus,  while  ten  species  only  are  known  from  the  Cretaceous, 
thirty-five  sjiecies  have  been  already  described  from  the  Eocene  of 
Enrope.  In  our  Cretaceous  measures  a  single  species  has  as  yet  been 
found,  and  this  from  the  Fort  Benton  Group,  near  Fort  Barker.  It 
seems  identical  with  Fuooidea  digitatuSy  Brgt.,  but  it  is  as  yet  uncertain 
to  what  section  of  marine  vegetables  this  form  is  referable.  I  found  it 
upon  pieces  of  limestone  covered  with  the  species  of  large  moUusks  char- 
acteristic of  this  group.  Referred  by  Bronguiart  to  the  DictyoUtes^  by 
Geinitz  to  the  ZmariteSj  by  Schimper  to  the  Jeanpaulia  of  the  Marsi- 
leaeeoBy  by  Schenck  to  the  Fems^  it  is  as  yet  impossible  to  mark  its  true 
affinity.  It  appears  already  in  the  Dias,  as  seen  from  Geinitz's  descrip- 
tion. Any  how,  it  is  of  a  character  far  different  from  any  of  those  re- 
marked in  our  Eocene  iucoids.  From  it«  as^iation  with  the  mollusks 
of  deep  seas,  it  is  clearly  a  deep  marine  ispecies. 

It  is  as  yet  too  soon  to  enumerate,  even  approximately,  the  species  of 
fdcoids  of  the  American  Eocene.  A  few  are  described  in  this  report. 
Bat  by  far  the  largest  number  is  unknown,  and  will  remain  undescribed 
fw  a  length  of  time,  on  account  of  the  size  and  the  inextricable  embedding 
of  the  Iturgest  species  with  the  sandstone.  They  have  to  be  studied  in 
place,  represented  in  drawings,  and  their  description  can  be  made  only 
from  these  representations. 

The  Eocene  of  Europe  is^in  Switzerland  and  Germany,  a  formation  of 
an  immense  thickness  of  soft  black  shale  generally  hardened  by  meta- 
morphism  and  sometimes  transformed  into  valuable  slates.  It  is  the 
Flysch.**  In  this  sofb-grained  material  the  small  thread-like  forms  of 
marine  weeds,  or  the  Canfervites^  are  mostly  found.  Our  sandstone  is 
too  coarse  for  the  preservation  of  such  filaments ;  its  marine  flora,  how- 

^Bale  Owen,  who  stadied  it  in  Switzerland,  compares  it  to  the  Maavaises  Terres, 
K«part  6,  page  203. 
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ever,  has,  by  its  remains,  an  analogy  in  that  of  the  sandstone  of  the 
Eocene  of  Moant  Bolca,  where,  as  with  us,  the  genera  represented  by 
thick  coriaceous  species,  CaulerpiteSjpelesserites^  HalimeniieSj  MunsteriOj 
and  ChondriteSj  are  predominant.  Perhaps  it  will  be  observed  that  we 
cannot  attach  great  importance  to  the  distribution  of  vegetable  remains 
whose  forms  multiply  in  proportion  to  their  divisions  and  are  generally 
indistinct,  and  whose  law  of  distribution  is  so  little  fb^ed  that  species 
from  distant  formations  are  considered  by  some  authors  as  identical; 
as,  for  example,  Fueaides  Targioni  9.uAF%uioidesantiquu8^  quoted  from  the 
Cretaceous  as  well  as  from  the  Silurian  and  from  the  Devonian.  It 
would  be  easy  to  prove  that  as  fast  as  these  deep  marine  plants  become 
better  studied,  their  characters  are  recognized  and  their  specifications 
fixed,  but  this  is  out  of  the  way  of  these  researches.  Some  species  of 
fucoids  of  our  Eocene  are  perfectly  distinct ;  their  characters  are  as 
clearly  marked  as  they  could  be  for  any  dicotyledonous  fossil-plants. 
These,  therefore,  may  be  compared  to  the  Mount  Bolca  species,  and, 
what  is  more  to  the  point,  their  remains,  from  different  localities  of  our 
Lignitic,  afford,  by  identity  or  difference  of  characters,  reliable  indication 
of  the  relation  of  the  strata.  I  have  named  already  a  large  species  of 
Halimenites  whose  stem  and  branches  are  covered  with  half-round  tab^- 
cules,  and  which  is  recognized  at  first  sight.  It  is  represented  in  the 
Eocene  flora  of  Europe  by  Halimenites  rectus  and  Malimenites  minor j 
both  intimately  related  to  the  American  species.  And  remains  of  this 
f ucoid  have  been  observed  and  specimens  collected  in  our  Lignitic  forma- 
tions from  the  base  of  the  great  sandstone  to  its  top,  even  in  sandstone- 
strata  overlying  the  Lignitic  beds  everywhere  over  the  whole  area 
covered  by  this  formation.  Professor  Meek  has  found  fine  specimens  of 
it  at  Bear  Greek,  near  Fort  Steele  and  Coalville.  I  can  really  say  that 
I  have  not  explored  any  station  of  the  Lignitic  without  recognizing  this 
species,  especially  abundant  at  Black  Bnttes,  where,  as  remarked  already, 
splendid  specimens  of  it  are  embedded  in  the  sandstone  underlying  the 
main  ooal. 

The  genus  Delesseria^  in  the  order  of  the  Floridece,  forms  now  by  its 
numerous  and  beautiful  species  a  predominent  character  of  the  marine 
flora  of  our  temperate  zone.  Its  distribution  extends  between  3fP 
and  6(P  of  latitude,  north  and  south  of  the  equator,  remarkably  coin- 
eiding  with  that  of  the  Lignitic  formation  on  this  continent.  The  fiurst 
representatives  of  this  genus  are  positively  recognized,  in  Europe  at 
least,  with  the  Eocene  formation.  Of  the  eight  fossil  species  known 
till  now  and  described  by  Schimper  in  his  Vegetable  PaUowtologyj  the 
seven  first  ones,  whose  relation  to  this  genus  is  uncontested,  belong  to 
the  Eocene.  The  only  species  mentioned  from  the  Cretaceous,  Ddeaseria 
Beichiiy  Schimper,  is  like  that  Fuooides  digitatuSj  Brgt,  of  doubtful 
affinity,  being  named  at  first,  by  Sternberg,  HaUseriteSj  and  then  con- 
sidered  by  Bossmassler,  Brown,  &0.9  as  a  fern.  From  our  Eoci^e  sand- 
stone eight  species  of  marine  plants  only  are  described;  of  these  three 
are  true  Detesseria — two  from  the  Baton  Mountains,  the  other  ficom 
Golden. 

Coming  to  the  examination  of  land  vegetation,  we  are  met  at  once  by 
the  appearance  in  our  Eocene  measures  of  a  class  o£  plants,  giving 
evidejice  of  the  age  of  these  measures,  fully  as  conclusive  as  that  of  the 
fucoids.  It  is  that  of  the  palms,  of  the  section  of  the  Sabal.  Scarcely 
any  trace  of  these  vegetables  has  been  remarked  in  the  Upper  Creta- 
ceous of  Europe.  There  they  become  somewhat  conspicuous  in  the 
Eocene,  but  their  largest  development  is  with  the  Miocene.  With  us 
they  appear  immediately  above  the  great  Eocene  sandstone,  or  in  con- 
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nection  with  every  bed  of  lignite  fonned  within  this  sandstone,  and 
show  by  the  prof asion  of  their  remains  the  remarkable  place  which  they 
have  in  the  distribution  of  the  flora  of  the  Eocene  epoch.  Their  fossil 
remains  are  most  abundant  in  the  Lignitic  of  Fort  Union,  where  the 
largest  leaves  of  Sabal  have  as  yet  been  observed.  At  the  Baton  a 
good  half  of  the  speciinens  represent  fragments  of  leaves,  of  petioles, 
of  fraits  of  this  species.  At  Golden  they  are  found  in  the  same  pro- 
portion, and  at  Black  Bntte  splendid  specimens  of  palms  are  mixed 
with  dicotyledonous  leaves  in  the  shale  overlying  the  main  coaJ^  while 
the  bed  with  Saurian  bones  and  shells,  about  150  feet  higher  in  the 
measures,  has  Sabal  leaves,  too,  less  abundant,  however,  than  the 
shale  of  the  main  coal.  At  Evanston,  in  the  under  sandstone,  a  quantity 
of  fruits  referable  to  palm  has  been  found,  and  remains  of  the  same 
kiod  are  a  marked  feature  of  the  scanty  flora  as  yet  known  from  the 
Arkansas  and  Colorado  Lignitic  formation.  It  might  be  argued  that  if 
some  remains  of  palms  have  been  found  in  connection  with  strata 
recognized  as  Cretaceous,  these  plants  might  as  weU  be  admitted  as 
characteristic  of  Cretaceous  age  in  our  Lignitic.  I  do  not  know  of  a 
single  case  positively  ascertained  of  palm  remains  in  the  Cretaceous. 
Bat  even  if  we  had  any,  their  abundant  distribution  in  the  vegetation  of  our 
Eocene  is  sufficient  proof  that  this  class  of  plants  had  already  acquired 
at  that  epoch  a  remarkable  development.  Its  origin  may  be  discovered 
later  by  scarce  remains  in  the  Cretaceous ;  its  preponderance  in  the 
vegetation  of  the  Lignitic  attests  a  more  recent  formation.* 

The  Tertiaiy  groups  of  Europe  are  not  as  yet  clearly  limited.  Many 
of  the  Lignitic  strata  which  have  furnished  remains  of  fossil-plants  to 
Enropean  paleontology  were  at  first  referred  to  the  Eocene.  Unger, 
for  example,  places  in  this  formation  the  fossil-plants  of  Badoboj,  in, 
Croatia,  of  Haering,  in  Tyrol,  of  Parshlung,  of  Sotzka,  now  referred  to 
the  Lower  Miocene.  Thus,  too,  the  Bovey  coal  of  England,  which  was 
eonsidered  coDtemiK>raneous  to  the  Eocene  of  Wight,  is  now  admitted 
as  Miocene.  The  Tertiary  deposits  have  been  formed  in  basins  of 
limited  areas,  and  therefore  the  characters  of  their  flora  are  not  Identiccd, 
eren  for  contemporaneous  d^>osits,  on  account  of  the  diversity  of  the 
Tegetation  at  various  places  and  under  various  circumstances.  This 
^ains  a  difficulty  of  identification  of  strata  which  may  be  met  per- 
haps in  trying  to  circumscribe  the  upper  limits  of  our  Eocene.  As  yet, 
in  this  formation,  homogeneity  of  the  essential  characters  is  recognized 
^ery  where  in  its  flora,  and  when  it  is  compared  with  that  of  some 
loeality  positively  ascertained  as  Eocene  in  Europe,  it  indicates,  too, 
points  of  identity  remarkable  enough.  Such  is  the  flora  of  Mount 
Promina,  where  a  fern  found  at  Golden  in  splendid  specimens  is 
deaeribed  by  Professor  Ettinghausen  as  SpheTi&pteris  eocenica.  In  the 
same  paper  a  species  of  Myriea^  whose  leaves  appear  to  have  been 
found  in  profusion  at  the  same  locality,  is  described  and  figured,  indi- 

'Vegetable  paleontology  has  not  any  more  recent  and  more  positive  records  on  this 
mbtect  than  those  furnished  by  Schimper,  (Veget.  Pal.,  vol.  ii,  1871.)  This  work  de- 
Kribes  twenty-four  species  of  palms  (fossil)  in  tne  three  genera  Chamaerop9,8(MLf  and 
^rtenari«,  twelve  ox  which  are  from  the  Miocene,  ten  from  the  Eocene,  and  two.  Fla- 
Mpii  IoiMiracA««,  Umo.,  and  JP.  ckamoBrnp^QUck^  G6pp,  from  strata  considered  as  Greta- 
pMQs.  Of  these  two  species,  Schimper  says  that  the  first,  from  the  len^h  of  its  rachis, 
tt  eTido&t^  a  type  of  a  peculiar  genus,  and  that  the  other,  whose  rachis  is  unknown, 
^uinot,  on  that  account,  be  positively  referred  to  any  type.  The  author  stiU  describes 
twenty-two  species  of  palms  in  other  genera.  aU-  from  the  Tertiary,  mostl:^  Eocene, 
Md  twenty-three  known  from  stems  only,  and  these,  too,  ail  Tertiary.  Admitting  all 
^e  leierenecs  as  exact,  this  maJces  sixty-seven  species  of  palms  described  from  the 
Tertiary,  and  two  from  the  Cretaceous. 
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eating  such  affinity  with  leaves  also  very  abundant  at  Black  Bntte,  that 
it  is  as  yet  uncertain  if  the  American  form  does  not  represent  a  mere 
variety  of  the  same,  dilffering  only  by  the  larger  size  of  the  leaves.  We 
have  at  Golden  Quercus  angustiloba^  Al.  Br.,  described  by  Heer  from 
the  Bomstaedt  Eocene,  and  in  the  flora  of  the  same  locality,  as  in  that 
of  Golden,  a  remarkable  predominance  of  species  of  Fkm  and  of  Cinnor 
momnm^  primitive  types  of  the  Tertiary  of  Europe.  Some  of  these 
pass,  with  the  Sabal  species,  into  the  Miocene;  for,  of  course,  the  Tertiary 
formations,  as  land  formations,  removed  fropi  the  influence  of  prolonged 
submersion  in  deep  marine  water,  have,  like  the  Carboniferous,  a  per- 
manence of  the  types  of  their  flora,  marked  by  a  number  of  species 
identical  in  the  groups  even  of  the  more  remote  stations.  This  answeis 
the  observations  made  on  the  vegetable  species  already  published  in  Dr. 
Hayden's  reports,  and  which  European  authors  are  disposed  to  consider 
as  Miocene,  from  the  number  of  leaves  of  our  Eocene  flora,  not  only 
homologous,  but  identical,  with  Miocene  species  of  Europe. 

This  comparison  might  be  pursued  farther  and  with  more  details. 
These  remarks,  however,  cannot  be  indeflnitely  prolonged.  Those  who 
may  desire  to  compare  more  precise  points  of  correlation  or  of  differences 
between  the  flora  either  of  our  Eocene  and  that  of  the  Tertiary  of 
Europe,  or  of  the  different  strata  of  the  Lignitic  at  various  localities, 
will  find  sufficient  materials  for  this  task  in  the  table  of  distribution 
which  closes  the  descriptive  part  of  the  fossil  flora  of  this  report. 

THE  AMERICAT^  EOCENE  IDENTICAL  WITH  THAT  OF  EUROPE  BY  GENERAL 

CHARACTERS. 

I  do  not  believe  that  the  divisions  of  our  geological  groups  have  to  be 
controlled  by  European  classifications.  It  is  advisable,  however, 
especially  on  account  of  the  diversity  of  the  conclusions  indicated  by 
botanical  and  animal  paleontology,  to  mention  still  a  few  points  of 
analogy  remarked  in  the  distribution  and  composition  of  the  Eocene  of 
both  continents. 

The  Flysh  or  Eocene  of  Switzerland  is  mostly  a  compound  of  shales, 
here  and  there  interlaid  by  sandstone  strata  of  great  thickness  and 
even  passing  locally  to  massive  sandstone,  where  the  slate-beds  disap- 
pear. This  formation  extends  all  along  the  northern  base  of  the  Alpine 
chain  in  different  degree  of  thickness,  in  proportion  to  the  amount  of 
denudation  to  which  it  has  been  exposed.  It  enters  the  valleys,  especially 
borders  them,  in  constant  and  immediate  superposition  to  the  Creta- 
ceous. On  the  northern  base  of  the  same  chain,  it  is  present,  too,  in 
basins  of  limited  extent,  where  the  Upper  Cretaceous  strata  have  been 
left  for  its  support.  The  various  strata  of  this  Eocene  formation  are, 
according  to  their  vicinity  to  primitive  rocks,  changed  by  heat  to  a  cer- 
tain degree.  And  the  top  of  these  measures  is  overlaid  by  a  conglameraUe 
compound  of  materials  derived  from  rocks  of  all  th^  older  formaUonSy  aU 
rolled  pebbles,  and  in  pieces  varying  in  size  from  that  of  a  walnut  to  that  of 
the  fist*  In  this  formation,  too,  valuable  beds  of  lignite  are  found  5  and 
these,  though  not  as  richly  developed  as  in  the  Eocene  of  this  conti- 
nent^ have  sometimes  a  thickness  of  6  feet,  and  have  furnished  com- 
bustible mateiials  for  a  long  time.  The  lignite  of  Kiederhom,  5,700  feet 
above  the  sea,  has  been  worked  since  the  former  century,  and  is  now 
used  at  Bern  for  the  production  of  illuminating  gas.  The  Eocene  group 

•  Herr  Urwelt  der  Schweltz,  p.  241. 
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of  the  Paris  basin  has  also  some  rich  beds  of  lignite.  Does  not  this  read 
like  a  true  epitome  of  the  descriptions  given  of  ourEocene? 

This  brings  forward  again  what  I  consider  the  last  unanswered  ques- 
tion in  relation  to  the  distribution  of  the  American  Eocene.  Its  base  is 
eTerywhere  ascertained  as  immediately  resting  upon  the  Upper  Greta- 
oeoos}  the  lower  sandstone  is  recognized  as  either  a  massive  homoge- 
neous compound  or  as  interlaid  at  different  places  by  beds  of  lignite 
or  of  shale.  The  fossil  flora,  with  some  difference,  has  the  same  charac- 
ters in  the  strata  connected  with  these  lignite-beds,  at  all  the  stations. 
The  group  is  therefore  satisfactorily  limited  so  far,  but  where  does  it 
pass  to  a  higher  division  of  the  Tertiary  or  to  the  Miocene  t  I  have 
already  remarked  that  I  consider  the  conglomerate  formation  seen  at 
Evanston  and  other  localities  as  the  upper  beds  of  the  Eocene.  But  I 
have  not  myself  found  any  positive  proof  of  this  assertion,  and  as  these 
conglomerates  have  been  referred  to  different  groups  according  to  the 
strata  which  they  appear  to  cover,  the  assertion  is  contestable.  The 
observations,  however,  of  Dr.  Hayden,  who,  after  years  of  careful  field 
explorations,  has  become  the  true  interpreter,  of  the  geology  of  the 
Bocky  Mountains,  will  supply  this  last  evidence.  In  beginning  his 
description  of  the  Green  Eiver  Group,  and  in  marking  its  superposi- 
tion to  the  Eocene  sandstone,  he  says  :* 

This  iutcresting  vaUey  (Henry's  Fork)  is  fiHed  with  beds  wbich  show  a  perfect  con- 
formity. The  first  bed  is  a  yellow-brown,  rather  fine-grained  saudstonCi  dipping  75P 
a  little  west  of  north.  Then  comes  a  series  of  yeUow  and  light-gray  arenaceous  or 
marly  clays,  with  beds  of  yellow-brown  and  light-gray  sandstones  projecting  somewhat 
aboTe  the  surface.  Alternating  with  these  layers  of  sandstone  are  quite  thick  beds  of 
pnddinff-stone  and  conglomerate  composed  oi  round  pebbles  of  all  the  older  forma- 
tions. These  conglomerate  beds  are  intercalated  among  the  sandstone  through  300  or 
400  feet  in  thickness,  and  are  probably  of  Upper  Eocene  age.  Above  them  are  at  least 
500  feet  of  sandstone  which  have  a  diminished  dip  20^  to  30^,  and  then  pass  up  into 
the  calcareous  layers  of  the  Middle  Tertiary  of  Green  River  group. 

The  relative  position  of  the  conglomerate  as  underlying  the  Green 
Biver  Group  is  thus  positively  ascertained.  Comparing  this  with  what 
has  been  described  and  marked  in  the  sections  of  Evanston,  Cheyenne, 
Gehrung's  in  Golorado.the  lignite  basin  of  the  Arkansas  Yalley  near 
Oafion  City,  the  Santa  F6  marls,  the  Gallisteo  group,  &c.,  such  remark- 
able analogy  is  seen  in  the  composition  and  geological  distribution  of 
these  conglomerates  that  the  unity  and  contemporaneity  of  the  formation 
becomes  evident.  The  upper  part  of  the  section  of  Evanston  is  a  coun- 
teipart  of  that  of  the  conglomerate-beds  described  above  by  Dr.  Hay- 
den. It  is,  indeed,  reduced  in  thickness,  as  also  in  the  size  of  the 
materials  entered  into  its  compound.  But,  as  remarked  already,  this 
reduction  is  everywhere  relative  to  the  distance  of  the  older  rocks  which 
have  furnished  the  materials.  And  it  ought  to  be  so ;  for  the  formation 
is  a  kind  of  drift,  spread  over  a  wide  area  by  water  or  by  glacial  agency, 
and  of  course  the  coarse  and  heaviest  materials  are  found  nearer  their 
point  of  origin.  It  has  been,  but  it  cannot  be,  considered  as  a  recent 
drift  I  have  seen  no  trace  of  recent  glacial  agency  on  this  side  of  the 
Bocky  Mountains,  where,  indeed,  moraines,  or  heaps  of  materials  trans* 
ported  by  glaciers,  would  be,  I  tnink,  a  kind  of  anomaly.  The  glaciers 
have^  like  the  peat-bogs^  a  development  relative  to  atmospheric 
hnnudity.  It  is  not  the  ram  which  increases  the  density  of  the  snow, 
transforms  it  into  n6v6  and  then  into  ice,  but  the  fogs.  Therefore,  the 
eastern  slopes  of  the  Bocky  Mountains  have  snow  in  their  high,  deep 


F.  V.  Hayden's  Geological  Report,  1870,  p.  69. 
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gorges,  bat  not  glaciers.  The  case  mast  have  been  £Bur  differeirt  at  the 
Eocene  time,  where  the  great  atmospheric  haBiidity  is  manifested  by  the 
formation  of  the  lignite-beds. 

From  these  remarks,  and  as  a  short  r^snmS^  I  am,  I  thiak,  aathor- 
ized  to  deduce  the  following  couclasions :  That  the  great  Ligpitio  group 
mast  be  considered  as  a  whole  and  well-characterized  foimatioB,  limited 
at  its  base  by  the  fucoidal  sandstone,  at  its  top  by  the  congioraeiale 
beds ',  that,  independent  from  the  Cretaceoas  ander  it  and  firom  the 
Miocene  above  it,  oar  Lignitic  formations  represent  the  Amencan 
Eocene. 

Part  IL— THE  LIGNITE  j  ITS  FORMATION. 

The  greatest  geologist  of  oar  time,  Lyell,  takes  as  a  preamble  of  his 
Principles  this  admirable  remark  of  Playfair: 

Amid  all  the  reTolations  of  the  globe,  the  economy  of  nature  has  been  nnifonn,  and 
her  laws  are  the  only  things  that  have  resisted  the  general  movement.  The  rivers  and 
the  rocks,  the  seas  and  the  continents,  have  been  changed  in  all  their  parts ;  bat  the 
laws  which  direct  those  changes  and  the  rales  to  which  they  are  snbject  have  remained 
invariably  the  same. 

Certainly,  every  geologist  is  disposed  to  admit  the  exact  trath  of  the 
above  assertion ;  but  how  few  of  those  who  are  called  to  teach  geology 
are  disposed  to  follow  the  advice  implied  in  it  and  to  begin  their  in- 
structions in  studying  the  changes  and  phenomena  on  which  the  pres- 
ent sarface  of  our  globe  is  dependent,  and  of  which,  too,  it  is,  at  least 
for  a  given  time,  the  immediate  result. 

The  want  of  precise  information  on  actual  phenomena,  whose  under- 
standing is  important  for  the  pursuit  of  geological  studies,  is  i)erhaps 
nowhere  more  evident  than  in  considering  how  little  the  formation  of 
our  combustible  minerals  is  understood.  It  is  indeed  generally  believed, 
and  rightly  admitted  now,  that  we  have,  in  the  peat-deposits  of  our 
time,  a  formation  analogous  to  that  of  the  coal,  and  that  therefore  we 
have  only  to  study  this  present  and  active  production  of  nature  to  be 
able  to  understand  the  origin  of  the  deposits  of  combustible  mineral  of 
former  epochs.  But  how  to  make  this  study  f  Nature's  works  are  of 
such  a  complex  immensity  that,  simple  as  they  appear  to  the  mere 
l6oker-on,  a  whole  human  life  is  often  fully  employed  in  the  abortive 
trial  of  unraveling  the  details  of  one  of  its  minutest  productions.  Peat- 
bogs are  not  a  compound  or  a  mere  heap  of  dead  matter,  brought  up 
like  the  mud  and  sand  of  the  rivers  by  some  appreciable  force.  That 
the  peat  has  grown,  and  is  still  growing,  in  basins  which  it  tends  to  fill 
up  to  a  precise  degree,  is  well  known.  But  this  general  and  vague 
assent  of  a  truth  says  nothing  on  the  mode  of  growing,  on  the  materials 
which  supply  the  compound,  on  the  elements  neces'sary  to  its  preservation, 
on  the  influences  affording  those  subsequent  transformations  by  which 
nature  secretly  elaborates  some  apparently  useless  vegetable  ddbris^ 
restores  them  after  a  time  as  lignite,  coal,  anthracite,  even  diamond,  all 
matters  adapted  to  the  wants  of  our  civilization.  All  these  questions, 
to  be  clearly  understood,  demand  in  botany,  in  chemistry,  in  physics  of 
the  earth,  not  mere  notions,  but  an  intimate  acquaintance  which,  even 
for  one  of  these  specialties,  cannot  be  obtained  by  a  whole  life  of  study. 
There  is,  however,  another  cause  of  the  ignorance  of  the  phenomena 
which  accompany  the  formation  of  the  peatbogs  of  our  time,  and  of  the 
Jaws  which  promote  it.  Peat-bogs  have  nothing  attractive,  nothing 
which  speaks  at  first  to  an  imaginative  mind^  which  charms  it  and 
tempts  it  to  investigation.  They  are  like  cemeteries,  mere  resting-places 
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for  death.  They  have  no  life  but  vegetable  life,  which,  in  its  luxuriance, 
18  generally  enveloped  in  a  kind  of  repalsive  gloom.  At  some  open  pla- 
ces the  saiface  is  covered  by  mere  heaps  of  mosses,  where  deep-sinking 
fooling  makes  each  pace  not  only  uncertain  but  startling  and  alarming 
as  dangerous.  At  others  the  bogs  are  thickly  interspersed  by  hillocks, 
which,  fbrmed  on  the  roots  of  trees  and  bushes,  hidden  under  a  thick 
carpet  of  mosses,  offer  not  only  an  insecure  footing,  but  are  separated  by 
gulches  full  of  stagnant,  black,  muddy  water,  where  the  prospect  of 
a  plunge  is  not  pleasant  indeed.  At  other  plaoes  still  the  bogs  are  ep- 
thickly  overgrown  by  trees  and  bushes  that  one  has  to  use  the  hatchet 
to  penetrate  them.  Through  a  narrow  path,  edged  in  that  way  by 
two  walls  of  verdure,  the  perspective  is  so  limited  that  every  kind  of 
leseareh  becomes  nearly  impossible.  Or,  also,  the  trees  and  bushes, 
Bome  standing,  some  inclined  or  prostrated  in  every  direction,  form  over 
the  smrface  a  kind  oT  net,  whose  meshes  are  hidden  by  the  vegetation  of 
the  mosses,  of  the  ferns,  &c.  Those  who  have  tried  to  cross  a  cedar- 
swamp  will  never  try  again  the  same  mode  of  shortening  their  journey. 
It  is  the  most  difficult  task  to  pierce  through  a  few  rods  of  such  a  swamp, 
either  in  walking  along  the  prostrated,  half-covered  trunks,  by  fear  of 
tomhling  down  into  the  dark  intervals,  or  in  searching  a  passage  upon 
the  surface  by  climbing  and  passing  across  the  trunks  or  piercing  under 
them  through  the  wet  curtains  of  rank  vegetation  pending  from  their 
sides.  Moreover,  many  peat-bogs  are  not  only  of  dangerous,  but  of  im- 
possible access.  In  the  north  of  Europe,  and  in  the  south  of  our  coun- 
try, as,  for  example,  in  the  swamps  near  the  shores  of  the  sea  from  New 
Jersey  to  Texas,  the  bog- vegetation  often  begins  at  the  surface  of  the 
water,  extends  over  wide  areas,  covering  abysses  of  water  and  mud  of 
various  depths.  At  some  places  the  vegetable  carpet  is  strong  enough 
to  bear  trees  of  large  size ;  even  railroads  have  been  built  upon  such 
kind  of  floating  land ;  at  others  the  too  thin  carpet  is  split  and  rent  by 
a  little  weight.  When  the  naturalist  is  trying  to  visit  such  swamps,  he- 
does  it  at  the  peril  of  his  life.  Peat-bogs  of  this  kind  in  Ireland,  as  in 
Denmark  and  Sweden,  too,  are  crossed  only  by  narrow  paths  indicated 
by  poles.  ^  On  dark  nights,  and  in  trying  to  follow  them,  many  a  wan- 
derer, missing  the  way,  has  never  been  seen  again.  Some  of  thepc  bogs 
are  of  such  dangerous  access  that  they  are  never  spoken  of  by  theinhal>- 
itants  of  the  country  but  with  a  kind  of  dread.  In  Denmark,  according 
to  legendary  records,  a  run  upon  the  death-swamp  was  the  penalty 
inflicted  on  great  criminals,  who  rarely  or  cer  traversed  the  bog,  being 
generally  ingulfed  in  the  attempt.  Though  we  may  doubt  the  truth  of 
this  legend,  it  is,  however,  positive  that  a  great  quantity  of  implements, 
of  weapons,  of  ornaments,  even  skulls,  skeletons  of  inhabitants  of  for- 
mer races,  are  found  in  bogs  now  emptied  by  hydraulic  enginery  and 
worked  to  the  depth  of  75  feet  or  more,  in  the  north  of  Europe.  The 
museum  of  Copenhagen  has  a  number  of  large  rooms  filled  merely  by 
remains  of  this  kind.  And  these  are  tiot  the  only  forbidding  features 
of  the  peat-bogs  of  our  time,  not  all  the  visible  phenomena  which  should 
demand  investigation  and  study  to  enable  a  naturalist  to  understand 
some  of  the  more  marked  characters  of  the  formation  of  combustible 
de^KJsits. 

The  peat  results  from  the  heaping  of  vegetables  growing  at  the 
Bnrface  of  the  bogs;  but  as  water  is  necessary  for  the  preservation  and 
transformation  of  the  vegetable  matter,  and  as  peat  does  not  grow 
always  in  basins,  but  often  far  above  the  reach  of  any  water-level, 
where  and  how  is  the  water  procured  t  By  the  agency  of  a  mere 
Knd  of  moss,  the  Sphagnum^  which  acts  like  a  vegetable  sponge.. 


352       GEOLOGICAL  SURVEY  OF  THE  TERBIT0EIE8. 

These  mosses  absorb  water  from  their  leaves,  their  branches,  their 
stems,  still  more  than  from  their  roots  ]  they  live,  therefore,  from  the 
humidity  of  the  atmosphere  when  they  cannot  derive  it  from  underlying 
basins  of  water.  They  always  grow  in  compact  masses,  sometimes 
covering  wide  areas  by  their  on^  vegetation.  They  grow,  too,  upon 
slopes,  even  steep  ones,  and  thus  in  countries  where  the  atmosphere 
is  charged  with  a  large  proportion  of  humidity,  they  ascend  from  the 
base  to  the  top  of  high  mountains.  It  is  the  case  in  Ireland.  The 
cone  of  the  Brocken,  too,  so  well  known  in  the  German  legends  of 
the  Hartz  Mountains,  is  not  only  surrounded  at  its  base  by  deep  x>eat- 
bogs,  but  the  peat  covers,  at  many  places,  the  slopes  of  the  cone  to  the 
tops  of  its  rocks.  Nobody  would  dare  to  attempt  descending  the  cone 
on  these  apparently  smooth  slopes  of  the  mountain,  formed  by  a  mere 
carpet  of  mosses  which,  passing  from  rock  to  rock,  covers  sink-bolcB 
of  great  depth  between  them.  In  our  country,  the  same  phenomenoa 
is  repeated  in  those  naked  places  called  glades,  on  the  slopes  of  the 
Alleghany  or  of  the  Adirondack  Mountains.  They  are  opening  like 
small  prairies,  in  the  middle  of  thick  pine-forests.  The  fire  has  evi- 
dently not  touched  these  places ;  a  small  spring  has  developed  the  vege- 
tation of  the  spongy  mosses.  They  have,  by  and  by,  invaded  a  larger 
space,  preventing  any  other  kind  of  vegetation  but  that  of  the  bogs, 
even  covering  the  dead  trees  falling  upon  them,  and  there  we  have  de- 
posits of  peat  upon  slopes  of  the  same  degree  as  that  of  the  forests 
around. 

It  would  take  a  volume  to  describe  in  some  detail  and  explain  a  few 
of  the  manifold  appearances  which  the  mere  surface  of  a  peat  formation, 
even  of  small  extent,  offers  for  investigation.  If  one,  for  example,  will 
take  the  trouble  to  traverse  a  peat-bog,  even  where  its  surface  is  flat 
and  looks  uniform,  and  where  the  dryness  affords  a  somewhat  solid 
footing,  he  cannot  out  remark  this : 

1st.  The  essential  vegetable,  the  moss,  (Sphagnmrn,)  is  not  only  spread- 
ing and  covering  the  plane  surface,  but  its  tufts  ascend  all  over  the 
debris  of  wood,  even  the  largest  trees  which  have  fallen  upon  the 
ground,  and  cover  them.  And  when  the  swamp  is  in  some  places  over- 
grown by  bushes  or  conifers,  as  it  is  often  the  case,  these  mosses  ascend 
against  the  trunks  or  above  the  roots,  forming  tufts,  hillocks,  around 
and  upon  them. 

2d.  This  kind  of  moss,  even  in  its  more  upraised  and  apx>arently 
dryest  patches,  is  always  full  of  water.  Take  a  handful  of  it  and 
press  it ;  water  will  run  out  of  it,  not  in  mere  drops,  but  in  rills.  T%i8 
moss  has  the  softness  of  a  sponge,  and  is  a  sponge.  If  you  want  a 
proof  of  it,  put  this  now  well-compressed  and  apparently  dry  tuft  in  your 
pocket,  and  when  at  home  expose  it  upon  a  dry  plate  to  the  atmosphere 
for  one  cloudy  night,  and  in  the  morning,  you  may  repeat  the  experi- 
ment, squeeze  the  moss,  and  find  it  as  much  saturated  with  water  as  it 
was  when  taken  from  the  swamp. 

3d.  The  vegetation,  though  most  generally,  if  not  always,  intermixed 
with  SpMgnumj  is  not  continuous  or  uniform  over  extensive  areas;  here 
we  find  patches  of  mosses  over  which  the  cranberry  and  other  creeping 
small  bushes  are  in  full  bloom ;  there  a  group  of  shrubs ;  farther,  a 
thick  growth  of  tamaracks,  in  the  north ;  in  the  south,  the  bald  cypress 
and  magnolia,  or  an  impenetrable  grove  of  canes ;  then  apparently  bar- 
ren surface  covered  by  shallow  water  or  a  thin  crust  of  black  mud,  in- 
terspersed with  tufts  of  hard  sedges,  rushes,  &c.;  thus  a  continual 
change  caused  by  great  diversity  of  a  vegetation  which,  however,  taken 
in  its  whole,  forms  an  exclusive  and  limited  group. 
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This  mach  for  mere  snrfaoe  appearances.  The  diversity  becomes, 
however,  far  greater  in  penetrating  nearer  to  the  shore  of  the  ocean,  in 
those  dismal  swamps  of  the  south  where  it  is  caused,  not  merely  by  the 
variety  of  the  vegetation,  but  by  modifications  of  level  from  the  inces- 
sant action  of  the  water,  either  in  seeking  an  outlet,  or  by  alternately 
invading  low  land  or  heaping  npon  it  materials  which  raise  it  above 
the  sea.  Iscdated  lakes,  like  the  Dmmmond  Lakes,  for  example, 
aro  met  with,  wjiich  formerly  were  covered  by  forests,  now  sank 
to  the  bottom,  where,  near  the  borders,  the  tops  of  trees,  {bald  cfff^ess^) 
stiU  standing,  appear  above  the  surface  of  the  water,  their  trunks  im- 
HierBed  10  to  15  feet  deep.  A  bed  of  mud  is  slowly  deposited  over  this 
BODk  forest,  from  particles  of  matter  brought  by  water,  while  on  the 
borders  the  floating  vegetation  of  the  peat,  the  Sphagnumj*  especially, 
ahaady  begins  preparing  for  the  future  a  new  bed  of  materials,  which 
may  be  extended  over  the  whole  surface  of  the  lake.  Suppose  a  de- 
prasion  of  this  floating  mass,  and  the  bottom  of  the  lake  is  then  over- 
laid by  two  beds  of  combustible  matter,  separated  by  a  bed  of  mud, 
irhile,  on  the  borders,  the  peat  of  an  uninterrupted  growth  has,  of 
course,  formed  a  single  bed.  This  represents,  if  time  enough  is  admit- 
ted, a  bed  of  coal,  compact  or  in  one  at  some  places,  separated  in  two 
or  more  beds  at  some  others.  This  division  of  the  peat-beds  by  foreign 
matter,  either  deposited  or  brought  up  by  tbre  same  agency,  is  remarked 
everywhere  and  often  continuous  and  increasing  in  the  same  direction. 
Some  of  the  lakes  of  Switzerland  are  separated  by  peat-bogs  of  great 
extent,  some  of  them  more  than  fifty  square  miles  in  area.  In  the  mid- 
dle of  the  greatest  of  these  bogs  the  bed  of  peat  is,  on  the  eastern  side, 
8  to  10  feet  thick,  without  parting,  but  toward  the  west  it  is  horizontally 
divided  in  the  middle  by  a  streak  of  sand,  which,  for  six  miles  farther, 
inc^ases  by  degrees  to  3  feet.  In  coming  to  the  borders  of  the  lake 
the  lower  bed  of  peat  passes  under  the  sandy  bottom.  In  Holland,, 
borings  for  water  record  one  bed  of  peat  farthest  from  the  shores  in 
coming  nearer  to  them,  proportionally  to  distance,  two,  three  beds,  or 
more,  formed  by  supeiposition  of  sand  and  mud,  causing  temporary  or 
permanent  divisions  of  the  original  bed. 

The  same  modifications  are  observable  in  the  peat-deposits  of  this 
time,  and  their  cause  plainly  exposed  to  the  explorer  in  the  swamps  of 
this  country  nearer  to  the  shores  of  the  ocean.  Here  estuaries  indent- 
bg  the  land  form  a  true  net-work  of  canals,  lagoons,  bayous,  cut  by 
narrow  capes,  islands  of  various  size,  some  of  them  a  mere  mass  of 
hes^^  vegetables,  floating  here  and  there.  The  lowlands  are  mostly 
overgrown  with  a  luxuriant  vegetation,  affording  materials  for  the  growth 
of  the  peat ;  but  in  some  localities  these  swamps  are  slowly  invaded  again 
by  the  sea,  which  has  cut  a  channel  through  the  beach  somewhere 
near  by  and  brings  sand  over  them.  By  and  by  these  peat-deposits- 
will  be  buried  apparently  forever.  But  if  a  current  or  a  storm,  or 
some  other  casualty,  closes  the  channel,  the  lagoon,  protected  against 
marine  influence,  becomes  an  inland  lake  with  a  permanent  level, 
has  its  brine  slowly  changed  into  fresh  water  by  the  ingress  of  some 
river,  and  atlter  a  while  the  same  kind  of  vegetation  will  re-appear 
over  the  lagoon  and  begin  its  productive  work  anew.  There  is 
along  these  low  shores  a  perpetual  contest  lor  predominance  between 

^  Speeiee  of  SphofpiMM,  when  growing  in  water,  extend  tfaeir  filaments  over  tfae  suifaee 
in  continooos  and  innumerable  ramiflcations,  which  soon  form  a  net  of  floating  yege- 
Istion,  where  other  plants  by  and  by  take  root  and  live.  On  a  solid  ground  the  same 
■peeica  grow  in  compact  mass,  all  their  stems  erect,  closely  pressed  together. 

23  &  S 
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'water  and  land ;  between  the  peat  vegetation  which  tends  to  foree 
back  the  sea  in  building  its  moors,  as  rampart«  against  invasion,  nnd 
the  marine  force,  searching  an  ingress,  and  in  its  charges  s^^ling  low 

•  walls  to  re-occapy  or  farther  extend  its  domain  for  a  while.  This, 
of  coarse,  causes  innumerable  modifications  of  land-surface.  The  bor- 
ings and  shaftings  around  New  Orleans  record  an  altemance  of  forestSi 
either  prostrated  or  standing,  of  gravel,  of  mud-beds,  of  peat,  &c.,  as 
a  result  of  this  conflict,  which,  of  course,  becomes  still  moro  active  and 
varied  near  the  mouth  of  our  great  rivers.  The  low  bottom-lauds  of 
the  Arkansas  and  Bed  Rivers  at  their  entrance  into  the  Mississippi 
show  the  same  kind  of  alternauce  in  their  stratification.  The  cause  is 
merely  modified  ;  inundations,  especially^  marking  their  active  influence, 
instead  of  waves,  tides,  and  currents. 

What  has  been  said,  as  yet,  tends  already  to  explain  not  only  the 
•cause  of  the  multiplicity  and  variety  of  the  deposits  remarked  in  cor 
Lignitic  and  coal  measures,  but  also  the  differences  observed  and  re- 
corded by  experiments  or  analyses  in  the  compounds  of  the  combustible 
minerals,  not  only  at  separate  pointo  of  a  same  bed,  but  even  on  pieces 
'  cut  from  the  same  block  of  moderate  siee. 

A  peifect  understanding,  however,  of  the  causes  of  all  the  differences 
noted  above,  and  other  phenomena  as  yet  unexplained  in  the  formation 
of  coal  and  lignite,  can  be  obtained  only  from  the  study  of  the  mate- 
rials which  enter  into  the  composition  of  a  peat-bed,  when  seen  on  a 
bank  exposed  in  a  vertical  section.    Such  an  examination  can  rarely  be 

•  made  in  this  country,  where  the  peat  is  as  yet  of  comparatively  little 
value,  and  where  the  rare  diggings  are  made  by  enginery;  heavy, 
sharpened  cutting-shovels,  or  boxes,  moved  by  steam,  bringing  out  the 
matter  from  under  water.  The  face  of  the  banks  is  in  that  way  con- 
stantly immersed.  In  Europe,  even  now,  peat  is  worked  from  large 
banks  isolated  at  first  from  the  swamps  and  drained  by  canals.  The 
matter  is  cut  by  hand  from  the  top  to  the  foot  of  the  banks,  and  on 
these  sections  the  diftbrence  in  the  compound  resulting  from  variety  of 
the  vegetation  of  the  surface  may  be  comparatively  studied  both  ways, 
either  vertically  for  snccession  in  time,  or  horizontally  for  distribution 
of  a  contemporaneous  flora.  The  examination  of  such  banks  of  peats 
shows  at  first  that,  even  where  the  peat  is  older  and  more  compact,  one 

•  can  recognize  and  often  count  from  the  top  to  the  bottom  the  layers  of 
vegetable  matter  which  have  been  heaped  each  year  for  the  constitu- 
tion of  the  whole  mass.  Near  the  top  "the  annual  layers  are  spongy, 
irregular,  thick,  varying  from  one  to  three  inches  ;  by  compression  and 
decay  they  become  thinner  by  degrees,  and  at  the  bottom  are  some- 
times reduced  to  one-tenth  of  the  thickness  of  the  surfkce-layers.  They 
show,  too,  irregularities  resulting  f^om  the  embedding  of  vegetables  of 
large  size.  Generally,  however,  the  general  growth  is  not  entirely 
stopped,  even  by  prostrated  forests.  It  is  fitiil  indicated  by  thin  layers 
marking  the  remains  of  the  vegetation  of  the  Sptutrfnum^  and  when, 
either  at  once  or  snccessively,  the  trunks  of  trees  become  embedded, 
there  is  for  a  while  a  kind  of  local  confusion  of  the  annual  layers,  till,  the 
growth  of  mosses  and  small  vegetables  having  filled  the  intervening 
spaces,  the  surface  has  become  horizontal  again  and  the  layers  distinctly 

.marked  on  wider  areas.  Generally,  vegetable  remains  after  a  few  years 
are  mostly  rendered  unrecognizable  by  compression  and  maceration, 
which  change  their  color  and  modify  their  characters,  and,  of  course, 
the  older  the  peat-strata  are  the  less  their  vegetable  compounds  become 
identifiable.  Some  kinds,  however,  escape  disintegration  for  an 
immense  space  of  time.    These,  like  some  species  of  mosses,  of  sedges. 


OEOLOGIOAIi   8UBVEY   OP   THE   TERRITORIES.  .355 

twigs  of  coniferous  or  species  of  the  heath  family,  may  be  recognized 
from  the  surface  to  the  lowest  part  of  the  banks  of  ancient  beds  of  peat 
1  have  many  times  seen  strata  composed  essentially  of  the  heath,  {Erioa 
vuiffamy)  which  enters  often  in  great  proportion  into  the  formation  of 
the  peat  in  Europe,  whose  branches,  with  leaves  still  attached  to  them, 
were  as  identifiable  as  in  their  oriKinal  form,  and  this  under  10  to  12 
feet  of  peat.  In  digging  for  the  fonndation  of  a  state  monument  at 
Berlin,  a  thin  bed  of  peat  was  exposed  under  40  feet  of  drift-sand.  This 
peat  was  a  compound  of  mosses,  which  were  so  well  preserved  that  the 
species  could  be  recognized  just  as  if  the  mosses  had  been  recently  taken 
cot  of  the  swamps.  Professor  Horton,  attached  to  the  geological  sur- 
vey of  Ohio,  found  two  identifiable  specimens  of  mosses  in  a  peat-deposit 
underlying  clay-beds  covered  with  drift. 

The  growth  of  the  peat  in  basins  full  of  water  and  from  immersed 
vegetable,  results  from  proceedings  somewhat  difierent,  but  not  less 
adniirably  adapted  by  nature  to  the  purposed  end.  All  the  basins  where 
tiie  peat  is  formed  under  water  have  a  bottom  of  clay  prepared  in 
advance  by  some  kinds  of  water-plants,  CanferviBj  which,  living  totally 
under  water,  out  of  atmospheric  influence,  are- mere  cellular  plants,  and 
by  decomposition  produce,  like  the  infusoria  and  small  moliusks  which 
they  feed,  siliceous  or  clay  deposits.  To  these  capillary  plants  are  often 
added  the  Chara^secB  and  some  species  of  mosses  which,  by  peculiar  and 
as  yet  unexplained  structure,  have  the  property  of  transforming  and 
assimilating  in  their  tissue  the  carbonic  acid  of  the  water  into  lime.  It 
is  oDly  after  the  preparation  of  the  clay  bottom,  and  when  the  basin  has 
been  rendered  impermeable,  that  water-plants  of  another  kind  begin 
their  vegetation.  The  Sphagnum  among  them,  the  floating  species  of 
Rjfpwum^  the  Thypha^  Sparganium^  Pawt-toeedSi  WcUer-lilies^  all  plants 
rooting  in  more  or  less  deep  water,  but  opening  their  leaves  and  flowers 
at  or  above  the  surface,  and  thus  by  atmospheric  influence  transforming 
the  carbonic  acid  into  fibrous  tissue,  and  becoming  woody  plants  fit  for 
fatore  use  as  combustible  mineral.  The  dSbria  of  this  vegetation  are 
heaped  every  year  and  decay  under  water.  These  dSbriSj  generally  more 
mixed,  and  mostly,  too,  partly  decayed  and  bruised  before  submersion, 
form  a  more  compact  mass,  without  recognizable  annual  layers,  and  in 
time  m^  be  transformed  into  that  coal  named  cannel. 

Swamps  of  this  kind,  however,  are  not  always  continuous  either  in  a 
vertical  or  horizontal  direction.  It  happens  in  some  countries  that  when 
peat  formed  by  immersion  of  vegetables  has  been  heaped  up  to  the  level 
of  the  water,  the  upper  aquatic  vegetation  begins  its  work  and  builds, 
high  above  it^  a  deposit  of  peat,  where  the  same  phenomena,  viz,  distinct 
amraal  Layers,  &c.,  are  remarked  as  in  the  emerged  peat  formation.  On 
aaother  side  the  subaquatic  vegetation,  and  therefore  the  immersed 
formation  of  the  peat,  is  sometimes  in  full  activity  over  a  swamp  surface, 
while  at  another  place  of  the  same  swamp,  the  ground  raised  above  water 
iscovered  by  a  cranberry-swamporan emerged  i)eat-bog.  Thisisthe  case 
on  some  of  the  great  swamps  of  JS^orth  Ohio,  and  I  still  recollect  with  some 
kiud  of  dismay,  that  twenty  years  ago,  misled  by  vague  informations,  I 
waded  in  three  feet  of  water  over  the  surface  of  an  immersed  peat  forma- 
tioD,so  thickly  overgrown  by  bulrushes  (Sdrpus  pungena^  Scirpua  validusn 
ic)  that  once  within  this  kind  of  thicket  I  lostsigh t  of  the  borders,  already 
&r  away,  and  lost  my  direction,  too.  Searching  there  a  way  of  egress 
M)r  hours,  I  had  full  time  to  investigate  that  unpleasant  side  of  Che 
formation  of  the  peat,  till  at  last  I  came  to  the  upper  part  of  the  same 
swamp,  the  cranberry- marsh  which  I  was  anxious  to  explore.  The  dif- 
foreace  of  compounds  in  some  beds  of  coal  which,  sometimeS|  have  layers 
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of  cannelcoal  in  the  lower  part,  topped  by  bitntntnocis  coal;  or  whieh  at 
one  end  are  true  cannel-coal  in  their  whole  thickness,  passing  to  bitu- 
minous'in  following  them  to  some  other  part  of  the  same  deposits,  is 
explained  by  these  remarks  on  the  formation  of  oar  pea^bog8.  We  find, 
also,  a  remarkable  identity  of  compound  in  the  bottom  clay  of  the  coal 
and  Lignitic  'beds,  which,  too.  indicates  by  its  remains  the  ageiK^  of 
plants  of  a  same  natnre  or  of  water-plants  in  its  formation. 

In  comparing  peat  to  coal,  and  judging  from  mere  appearance,  one 
finds  at  first  a  great  difierence  between  these  combustible  materials.  Bot 
in  following  the  intermediate  grades  which  modify  them  according  to 
age,  the  intervening  links  are  found  so  intimately  joined  that  it  beoomee 
impossible  to  separato  them  or  to  mark  divisions  from  permanent  char- 
acters. In  ancient  peatbogs,  the  peat,  especially  near  the  bo€tom, 
becomes  black,  compact,  intermixed  by  layers  of  crystalline,  tboa/^h 
still  soft  coaly  matter,  which  only  wants  hardness  to  be  comparable  to 
true  coal  or  even  undistingnishable  from  it.*  Passing  from  peat  to 
what  is  called  lignite,  or  to  deposits  of  woody  matter  in  formations 
older  than  ours,  we  find  in  these  accumulations  either  beds  of  mosses 
of  species  still  recognizable  as  analogous  to  those  of  our  times,  or  heaps 
of  trunks  whose  wood  has  still  its  color,  its  original  structare,  as  it  is 
seen  in  the  present  peat-bogs,  bnt  which  has  already  become  softened 
to  the  consistence  of  clay.  Some  older  deposits  have  their  woody  re- 
mains, trunks,  and  branches,  already  blackened  bnt  still  soft,  being 
easily  cut  by  shovels.  Still  farther  into  the  divisions  of  time  or  c^ 
geologists,  this  wood,  as  at  Golden,  for  example,  is  fonnd  hardened,  car^ 
bonizedlike,  but  preserving  its  original  structure  so  distinctly  tiiat  the 
concentric  layers  of  branches  are  as  distinct  as  in  the  wood  of  oar  fi[)rest8. 
And  in  the  same  basin,  or  at  the  same  horizon,  as,  for  example,  at  the 
Baton,  the  combustible  matter  still,  called  lignite  has  become,  by  its  ap- 
pearance, hardness,  and  chemical  compound,  nndistingaishable  firom  the 
coal  of  the  Carboniferous  measures. 

Chemistry  accounts  for  the  differences  remarked  in  the  various  degrees 
of  decomposition  of  woody  materials.  It  explains  how  the  transforma- 
tion of  woody  fibers  into  coal  is  the  result  of  a  retarded  combastion  by 
the  slow  combination  of  the  oxygen  of  the  atmosphere  with  the  hydro- 
gen of  the  plants,  converting  the  woody  fiber  into  carbon  and  increasing, 
proportionally  to  the  duration  of  the  process,  the  amonn  t  of  fixed  carbon. 
In  this  operation  of  nature  the  wood  passes  through  all  the  stages  of 
decomposition  remarked  in  mineral  combustible,  from  peat  to  anthra* 
.cite,  &c.  In  the  lignite  the  work  is  only  half  done,  as  seen  in  oonsnlt^ 
ing  the  numerous  analyses  g^ven  of  this  matter,  which  always  indicate 
a  proportion  of  carbon  relative  to  that  of  water  or  of  as  yet  nnbnmed 
woody  fibers.  In  some  cases  the  slow  maceration  appears  hastened  to 
its  completion  by  snbterranean  heat.  How  else  wonld  it  be  possible  to 
explain  the  transformation  of  lignite  into  anthracite  in  close  vicinity  to 
basaltic  dikes,  as  at  the  Baton  Mountains  and  at  Placiere  Mountains, 
New  Mexico,  when  the  same  beds,  at  a  distance,  retain  still  the 
appearance  and  chemical  compounds  of  true  lignite  f 

i^othing  is  more  admirable  in  nature  than  the  apparently  simple  pro- 
cess of  the  formations  which  have  here  been  briefly  reviewed.  Ki^nre 
disposes  of  the  carbonic  acid  of  the  atmosphere  and  of  its  humidity  for 
the  food  of  the  plants  which,  by  a  kind  of  digestion,  elaborate  it  into 
woody  fibers.    Under  peculiar  times  and  circumstances,  where  these 


•  The  bottom  of  a  peat-bog  of  Locle,  Switzerland,  is  formed  of  layers  of  this  sabstanoe 
already  hardened  and  nndistingnishable  from  lignite-ooal. 
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woody  matoriftis  are  anavailable,  it  piles  them  into  vast  magazines,  care- 
faUy  prepared  a  long  time  in  advaace,  for  that  purpose.  And  theu,  re- 
vernng  its  operatioa,  slowly  combining  again  the  water  and  the  carbonic 
aeid  of  the  wood,  to  return  them  to  the  atmosphere  as  new  food  for  liv- 
ing pkuits,  it  constantly  improves  the  value  of  the  stored  materials  for  a 
fintiire  contingency.  Man  now  recognizes  the  end  of  this- work,  enjoys 
its  results,  and  can  but  acknowledge  in  it  the  disposition  of  a  wonderful 
Piovidenoe. 

The  first  result  of  the  decomposition  of  woody  matter  in  basins  pre* 
pared  for  the  formation  of  the  peat  is  the  generation  of  an  acid,  {acid 
ttfaite,)  aolnUe  in  water,  and  especially  marked  by  its  antiseptic  property. 
Waler  saturated  with  this  acid  not  only  retards  indefinitely  the  decom- 
poatioD  of  the  wood  immersed  into  it,  but,  under  some  circumstances, 
preserves  for  a  length  of  time  every  kind  of  organic  matter,  even  meat. 
The  waler  does  not  receive  from  this  compound  any  unpleasant  taste  or 
anell,  nor  any  unwholesome  influence.  It  is  as  palatable  for  drink  as 
spiiog  water,  merely  unattractive  by  its  somewhat  brownish  color.  Even 
it  may  be  considered  by  its  antiseptic  property  a  preventive  against 
fever  and  other  epidemic  diseases,  or  a  remedy  tor  every  kind  of  dis- 
eases caused  by  putrid  decomposition  of  tissue.  Statistic  tables  have 
(SUblBdied  this  fact  in  Europe,  that  the  average  of  human  life  is  longer 
for  the  inhabitants  of  the  peat-bogs  or  of  the  land  bordering  the  forma- 
tions  of  this  kind.  This  water,  too,  does  not  enter  into  decomposition 
even  when  exposed  to  a  high  degree  of  continued  heat.  It  has  been 
carried  for  eighteen  months  or  more  in  explorations  of  equatorial  coun- 
tries, preserving  its  purity  to  the  end.  From  this  it  is  easily  understood 
bow  teees  or  fri^meuts  of  woo<l,  thrown  down  or  strewn  upon  the  bogs, 
beeome  protect^  against  decomposition  by  a  thin  carpet  of  mosses  im- 
pregnated with  snch  kind  of  water. 

The  ulmic  acid,  soluble  in  water,  becomes  fixed  or  solidified  into  a 
black  resinous  matter,  by  evaporation  of  the  water,  thus  forming  a  pro- 
portion of  the  combustible  part  of  the  peat,  and  greatly  increasing  its 
value.  The  difference  in  the  heating  properties  of  the  compound,  when 
dried  under  atmospheric  influence  or  by  compression,  is  sometimes  as 
kigh  as  one-fifth.  The  best  peat,  therefore,  is  that  which,  taken  from  the 
bi^by  hand  or  by  machinery,  is  kneaded  till  the  whole  has  been  ren- 
tered  a  homogeneous  paste.  The  operation  is  performed  in  various 
ways,  according  to  means  and  circumstances;  by  pounding  with  the 
feet,  with  wooden  mallets,  by  mills,  &c  The  peat  thus  prepared  is  cut 
or  molded  in  pieces  of  suitable  size,  left  upon  the  ground  till  somewhat 
bardened,  then  dri^  by  successive  exposure  of  the  faces  to  the  atmos- 
phere. Prepared  in  that  way,  the  peat  of  the  old  bogs  of  our  time  is 
aa  good  a  combustible  as  hard  wood. 

The  ulmic  acid  of  the  water  of  the  bogs,  antagonistic  to  some  kind  of 
vegetation,  essentially  favors  the  growth  of  plants  of  hard  woody  tissue. 
The  flora  of  the  peat-bogs  is  therefore  exdusive  and  limited.  It  has 
xnostly  species  with  sharp-pointed  narrow  leaves— -conifers,  grasses, 
sedges,  rushes,  canes,  mosses,  and  a  few,  shrubs,  dwarf-birch,  cran- 
berry, &C.  The  bladed  form  of  the  leaves  appears  especially  appropri- 
ate to  the  absorption  of  atmospheric  humidity,  and  by  their  multiple 
aarfaces  to  the  evaporation  when  8ni)erabundauce  of  water  demands  it. 
The  mosses  have  not  as  yet  been  observed  in  a  fossil  state,  neither  in 
the  Carboniferous  nor  in  the  Lignitic  formations.  The  first  remains  of 
this  class  api)ear  in  the  Upper  Tertiary,  especially  in  the  amber.  But 
there  is  not  a  iwsitive  proof  of  their  absence  in  older  formations. 
Moreover,  the  peatbogs  of  former  epochs  have  apparently  had  for  their 
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Yellowstone  fiivers  were  remarked,  bat  always  in  a  general  way,  with- 
out giving  any  precise  information  concerning  their  age,  their  distribu- 
tion, thickness,  and  compounds. 

The  same  Lignitic  formations  were  also  described  from  the  ncNrlhwefl^ 
of  British  America,  with  some  more  details^  but  these  observations  do 
not  concern  the  present  researches. 

From  the  south,  too,  or  from  fTew  Mexico,  we  have  records  ot  the 
presence  of  thick  coal-beds  '^  found  in  great  abundance  and  of  good 
qaality  between  the  placers  in  the  Raton  Mountains,  and  many  other 
places."*  And  in  the  narrative  of  Lieutenant-Colonel  Emory,  coal  is 
mentioned  as  occurring  between  Fort  Bent,  on  the  Arkansas  Biver,  and 
Sante  F6  to  the  north  and  south  of  the  Baton  Paas.  One  bed  seen  to  the 
northward,  at  Captain  Sumner's  camp,  is  described  as  an  immense  field, 
the  seam  which  cropi>ed  out  being  30  feet  thick.  Another  noticed  by 
Colonel  Emory,  was  seen-  on  the  banks  and  near  the  head- waters  of  the 
Canadian  Biver,  about  north  latitude  36^  5<y,  on  the  7th  August,  1847.t 

It  is  in  the  reports  of  Messrs.  Meek  and  Hayden,  and  in  the  numer- 
ous papers  which  these  gentlemen  have  published  from  1857  to  1861, 
that  we  obtain  the  first  positive  data,  not  only  on  the  geology  and 
paleontology  of  the  Lignitic  formations  of  the  north,  but,  also,  on  tiie 
distribution  and  value  of  their  beds  of  combustible  minerals.  The  pro- 
ceedings of  the  Academy  of  Natural  Sciences  of  Philadelphia,  May,  1857, 
have  a  very  interesting  account  of  the  Tertiary  and  Cretaceous  of  Ne- 
braska, by  Messrs.  Meek  and  Hayden.  The  section,  page  8,  marks  the 
relative  position  of  eight  beds  of  lignite  underlaid  by  a  compact  sand- 
stone 30  feet  thick,  which  directly  reposes  upon  No.  5  of  the  Cretaceous. 

In  the  same  year  Dr.  F.  Y.  Hayden  has  a  map  with  sections  of  the 
country  bordering  the  Missouri  Biver,  accompanied  by  explanations 
and  documents  of  the  highest  interest.  This  work  embodies  the  results 
of  three  years'  explorations  by  the  author  in  the  Northwest.  It 
marks  the  outlines  of  the  great  Lignitic  Tertiary  at  the  south  from 
the  Upper  Smoky  Hill  Fork  of  the  Kansas  Biver,  to  above  White 
Biver,  or  the  South  Fork  of  the  Cheyenne;  and  at  the  north  on  both 
sides  of  the  Missouri  Biver  from  below  Fort  Clarke  to  the  Muscleshell 
Biver,  the  north  limit  marked  by  British  America,  and  the  southern  by 
the  head-waters  of  Cherry  Creek  and  the  Black  Hills.  The  author  esti- 
mates the  area  of  this  north  basin  at  four  hundred  miles  in  length  and 
one  hundred  and  fifty  miles  in  width,  or  at  about  sixty  thousand  square 
miles — an  estimate  which  he  rightly  considers  as  too  low.  From  this 
time  to  1861  the  papers  of  Messrs.  Meek  and  Hayden,  mostly  relating  to 
paleontology  and  geology,  do  not  furnish  any  materials  for  this  part  of 
my  researches4 

*  In  a  letter  of  Don  Manuel  Alvarez,  May,  1847,  quoted  by  Taylor,  loe,  dL 

i  R.  C.  Taylor's  Statistics  of  Coal,  p.  220. 

X  In  order  to  show  the  amount  of  work  performed  at  that  time  to  prepare  the  knowl- 
edge which  wo  have  now  obtained  on  the  geology  of  the  Western  Territoriea^  aud  to 
4irect  the  researches  of  those  who  are  interested  in  the  subject,  I  give  here  a  men 
catalogue  of  the  memoirs  published  by  Messrs.  Meek  and  Hayden,  from  1657  to  1861 : 

Maiff  1857. — Proceedings  Acad.  Nat.  Sci.,  Phil. :  On  the  Tertiary  and  Cretaoeooa 
formations  of  Nebraska,  &c.    (F.  B.  Meek  and  F.  V.  Hayden.) 

May^  1857. — Loc,  oiU :  Notes  explanatory  of  a  map  and  section  illustrating  (he  geo- 
logical structure  of  the  Upper  Missouri,  <&c.    (F.  V.  Harden.) 

June,  1857. — Loc.  cit :  ^otes  on  the  geology  of  the  Mauvaises  Torres  of  White  Biver, 
Nebraska.    (F.  V.  Hayden.) 

Marokf  165iB.— Trans.  Albany  Inst. :  Description  of  new  organic  remains  from  Nofth- 
oaatern  Kansas  Permian.    (Meek  and  Hayden.) 
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Tbe  geologieal  report  of  Dr.  F.  Y.  Hayden  on  the  exploration  of  the 
Yellowstooe  and  Miaaoari  Bivers,  ond^  tlie  direciioii  of  Captain  Bay- 
Holds,  (185d-'60,)  pablished  in  1868,  ^ves  beaides  the  details  on  the 
geology  of  the  country,  some  interesting  data  on  the  distribation  of  the 
ligoite-beds.    The  more  important  are  as  follows : 

In  tbe  great  Lignitic  groan  of  Fort  Udiod^  local  depoaito  of  lignite  aa  marked  in  gen* 
flfftl  aection  of  tbe  rocks  of  Nebraeka,  p.  29.  In  section  2,  from  the  Black  Hills  to  the 
TeUowstooe  River,  eight  beds  of  impare  lignite  varying  in  thickness  from  3  inches  to 
3^  4,  and  5  feet.  Sections  3  and  4  have  two  beds  of  impu^  lignite  with  only  one  bed 
of  lignite  more  or  less  pure,  divided  by  layers  of  clay.  Section  5,  p.  52,  on  Powder 
Biver,  indicates  on  a  thickness  of  356  feet  of  strata,  thirteen  beds  of  lignite  mostly  thin 
iod  clayey;  one  of  them,  however,  No.  11,  is  7  feet  thick  and  quite  pure.  Two  other 
aattiMW  in  the  same  conn  try  mark  beds  of  lignite  ntore  or  less  impure,  generally 
parted  in  thin  layers  by  day-beds,  and  therefore  of  little  valoe.  Up  the  Yellowstone 
Valley  Dr.  Hayden  mentions,  near  the  mouth  of  the  Rosebud  Creek,  a  lignite-bed  5  feet 
thick.  **  Three  hnndred  yards  above,  it  separates  into  two  parts,  2  to  2^  feet  each,  with 
6  to  8  feet  of  arenaceons  clay  between.  Five  hnndred  yards  farther,  the  two  beds 
Vgin  Bgun  to  unite,  there  being  abont  6  inches  chocolato-clay  between  them.  Tlie 
lupite  is  quite  pure."  From  the  Big  Horn  to  the  union  of  the  Yellowstone  with  the 
lusaoari,  the  lignite-beds  occupy  the  whole  country  with  the  exception  of  the  portion 
already  described  and  a  distance  immediately  on  the  river  of  about  seveu  miles  called 
AheU  Point.  Tbe  lignite-beds  are  well  developed,  and  at  least  twenty  to  thirty  seams 
m$ shown,  Tarying  in  puiity  and  thickness  frooi  a  few  inches  to  7  feet.* 

In  the  records  of  a  journey  to  Pumpkin  Buttes  and  the  sources  of  the 
Cheyenne  Biver,  Dr.  Hayden  remarks  that  the  whole  region  from  the 
Platte  to  Pumpkin  Butte  is  covered  with  the  true  lignite  formation,  con- 
taining numerous  beds  of  liguite  more  or  less  pure.  The  section  of  the 
buttes  t  is  remarkably  like  that  of  the  Gehrung  coal  in  Colorado,  with 
cooglomerate  beds  at  its  top,  uuderlaid  by  alternate  layers  of  impure 
lignite,  day,  and  thin  beds  of  sandstone,  the  whole  measuring  428  feet. 
The  section  at  Oehrung's  is  426  feet  After  this  are  seen,  sloping  down 
to  Powder  Biver,  similar  rocks  with  some  thick  beds  of  lignite,  from  6 
to  8  feet  in  thickness.  Near  the  junction  of  Snake  River  we  find  in  the 
same  report  the  Tertiary  beds  prevailing  to  a  great  extent,  and  in  a 
section  of  80  feet  six  or  eight  seams  of  impure  lignite  which  has  ignited 
in  several  places. 

Mardky  1858.— Proceedings  Acad.  Nat.  8ci.,  PhU. :  Description  of  new  organic  re- 
mains from  Nebraska.    (Meek  and  Hayden.) 

^ime,  1658. — Loc.  cit. :  Explanations  of  a  second  edition  of  a  geological  map  of  Ne- 
biadKaand  Kansas,  dbc.    (F.  V.  Hayden.) 

Noumker,  1858. — Report  on  colleetlons  obtained  by  the  exx>edition  under  command 
«f  Lieutenant  G.  K.  Warren.    (F.  V.  Hayden.) 

Dec€mler.  1856.— Proceedings  Acad.  Nat.  Sci.,  Phil. :  Remarks  on  Cretaceous  beds  of 
Kansas  ana  Nebraska,  &c.    (Meek  and  Hayden.) 

Jamuarif,  1839. — ^Trans.  Saint  Louis  Acad. :  On  the  so-caUed  Triassic  rocks  of  Kansas 
and  Nebraska.    (Meek  and  Hayden.) 

December,  1856.— Proceedings  Acad.  Nat.  Sci.,  Phil. :  Remarks  on  the  lower  Creta- 
oeoos  beds  of  Kansas  and  Nebraska.    (Meek  and  Hayden.) 

Janmariff  1859. — Loc.  cit. :  Geological  explorations  in  Kansas  Territory.  (Meek  and 
Hayden.) 

JMsyi  1860. — Loo.  dt :  Description  of  new  organic  remains  from  the  Tertiary,  Cre- 
tsoeouS)  and  Jurassic  rocks  of  Nebraska.    (Meek  and  Hayden.) 

October,  1860. — Loc.  cit. :  Catalogue  with  synooyma,  &c.,  of  the  fossils  collected  in 
Nebraska  by  the  exploring  expedition  under  Lieutenant  G.  K.  Warren.  (Meek  and 
Hayden.) 

JMMwmnf^  I860.— Am.  Jonr.  Sci.  and  Arts. :  On  a  new  genus  of  Patelliform  shells 
from  the  Cretaceous  of  Nebraska.    (Meek  and  Hayden.) 

March,  1861.— £oc.  ctf. ;    Sketch  of  the  geology  of  the  country  of  the  head- waters  of 
the  Miesoori  and  Yellowstone  Rivers.    (F.  V.  Hayden.)    Followed  in  December,  1861, 
in  Proc.  Aead.  Nat.  Sci.,  Phil.,  by  descriptions  of  now  species  of  fossils  collected  in 
the  same  exploring  expedition  of  Captain  W.  F.  Raynolds.    (Meek  and  Hayden.) 
'  Loc.  cit,  p.  59. 
tLpo.  cit,  p.  /3. 
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The  geological  notes  of  Dr.  0.  M.  Hines,  in  the  same  report,  mention 
beds  of  lignite  in  a  namber  of  sections  in  the  same  country ;  the  thick- 
ness and  quality  of  the  material  are  not  given.  He  says,  however,  of  the 
beds  on  Tnllock's  Greek,  that  the  lignite  in  this  vicinity  approaches 
more  nearly  to  coal,  and,  the  beds  increase  in  depth ;  of  those  of  Clear 
Fork  of  Powder  fiiver,  that  the  outcrop  of  lignite  is  of  better  quality 
than  any  before  seen,  and  that  for  some  distance  above  the  first  camp 
on  the  Clear  Fork  to  the  junction  with  Powder  River  proper,  there  is  a 
thick  outcrop  of  lignite  of  the  depth  of  6  feet  and  upward,  somewhat 
resembling  Cumberland  coal,  but  of  looser  texture  and  containing  less 
bitumen.  Eight  miles  below  the  camp,  this,  coal  was  seen  to  be  on  fire. 
Considerable  smoke  issued  therefrom,  having  a  strong  sulphurous  smelL 
'<  Tbe  heat  at  this  i^oint  was  so  intense  that  we  could  not  stand  with  com- 
fort within  20  feet  from  whence  the  smoke  issued.  A  thick  layer  of 
sandstone  lying  immediately  above  it  was  completely  calcined." 

Passing  from  the  northern  part  of  the  Lignitic  to  its  southern  division, 
extending  along  the  base  of  the  Bocky  Mountains  from  the  Black  Hills 
to  New  Mexico,  we  have,  especially  on  the  lines  of  the  different  rail- 
roads, detailed  records  on  the  coal-strata,  mostly  made  with  care  by 
competent  geologists.  I  have  already  quoted  the  most  inteieeting  ot 
these  reports :  Notes  on  the  Geology  from  Smoky  Hill  River  to  Bio 
Grande,  by  Dr.  John  Leconte,  February,  1863,  soon  followed  by  the 
preliminary  report  of  Dr.  F.  V.  Hay  den,  on  the  United  States  Geolog- 
ical Survey  of  Colorado  and  New  Mexico,  1869.  As  my  own  explora- 
tions have  been  directed  on  about  the  same  ground  surveyed  by  these 
geologists,  I  shall  now  make  use  of  my  own  notes  on  the  distribution  of 
the  coal,  using,  however,  former  reports,  either  for  comparison  or  for 
references  for  the  sections  of  country  which  I  have  not  visited. 

§  2.  The  Nevt  Mexico  Lignitic  Basin. 

In  the  Baton  and  south  of  these  mountains.  Dr.  F.  Y.  Hayden*  men- 
tions, near  the  toll-gate  south  of  Trinidad,  a  bed  of  coal  4  feet  thick,  of 
excellent  quality.f  Near  the  .Yermejo  Creek,  six  beds  of  coal  are 
marked  in  a  section  of  the  same  report,  one  of  the  beds  from  6  to  10 
feet  thick,  and  another^  the  lowest,  4  feet.  Dr.  Hayden  remarks  that 
tbe  coal  of  that  vicinity  is  equal  to  any  ever  discovered  west  of  the 
Missouri  Biver,  except  that  of  the  Placiere  Mountains  of  New  Mexico. 
Of  this  last  bed,  which  has  been  partly  transformed  into  anthracite  by 
tbe  immediate  contact  of  a  large  dike  of  volcanic  rocks,  this  geologist 
gives  a  detailed  section,  marking  its  thickness  at  5  to  6  feet  on  the 
northwest  side  of  the  Placieie  Mountains,  at  a  distance  from  the  dike 
and  where  the  lignite  has  not  as  yet  been  disturbed  and  changed  by 
heat.  At  another  place  in  contact  to  the  dike,  the  lignite  (anthracite) 
is  a  little  more  than  3  feet  thick.  Of  this  same  bed  Dr.  Leconte  has  a 
section  (loc.  cit)  indicating  4  feet  of  anthracite,  with  a  lower  bed  of  the 
same  material,  of  which  14  inches  only  could  be  seen,  the  bottom  being 
covered.  In  his  report,  too,  for  the  survey  of  the  Union  Pacific  Bail- 
way,  the  same  geologist  mentions :  First.  A  bed  of  lignite  3  feet  thick, 
4  miles  south  of  the  toll-gate  of  the  Baton  Pass.  Second.  Another  bed, 
8  feet  thick,  five  miles  southwest  of  the  same  place..  Third.  The  lignite- 
beds  of  the  Yermejo  Canon,  visited  with  General  Palmer,  where,  in  a 
section  of  275  feet,  we  find  marked  two  beds  of  partly  poor  coal, 
respectively  10  and  15  feet  thick,  and  two  beds  of  excellent  lignite^  each 

*  Geological  Report,  1869. 

t  This  coal  iB  alao  reported  by  Dr.  Leconte ;  Notes  on  the  Geolon^,  ^o.^  p,  21. 
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5  Ii9et  thick,  separated  only  by  10  inches  of  slate.  Goal-beds  of  the 
same  kind  are  seen  in  the  same  vicinity:  in  Blackmore  Caiionf 
wlieTe  the  li^ite,  not  fully  exposed,  is  rei)orted  10  feet  thick,  and  in 
the  Bremer  Canon,  immediately  south  of  the  Yermejo  Valley,  where  a 
DUttbar  of  outcrops,  mostly  obscured  by  land-slides,  were  seen,  indicating 
at  least  4  feet  of  good  coal.  Fourth.  Lignite-beds  in  the  valley  of  the 
Bio  Fnerco,  twenty-eight  miles  southwest  of  Albuquerque,  with  *an 
exposure  of  5  feet.  Fifth.  The  lignite-beds  from  -which  the  fuel  for 
Fort  Oraig  is  obtained,  nine  miles  east  of  Don  Pedro,  whose  section 
iodicates  a  thickness  of  5^  feet  of  coal  with  two  clay-partings  of  3  inches. 
Besides  this,  Dr.  Leconte  was  informed  that  a  good  bed  of  coal  exists 
near  the  town  of  Limitar. 

General  W.  M.  8.  Palmer's  report  of  surveys  across  the  continent  in 
1867  and  1808  completes  the  records  on  the  distribution  of  the  lignite- 
beds  south  and  west  of  the  Baton  Mountains  by  the  following  iuforma- 
tions:  The  coal  of  Tijeras  Gafion,  at  a  short  distance  northeast  of  the 
town,  has  been  found  4^  feet  thick  and  traced  by  Mr.  Holbrook,  division 
engineer,  for  a  distance  of  2,000  feet  by  sinking  small  shafts  along  the 
vein.  A  valuable  seam  has  been  discovered  near  San  Felipe,  (thickness 
sot  indicated,)  within  twelve  miles  of  the  Bio  Grande.  Goal  also  is 
reported  in  the  Pecos  Valley,  five  miles  above  Auton-Ghico.  On  the 
Gimarron  route  of  the  railroad  a  large  vein  of  coal,  apparently  14  feet 
tiiick,  has  been  reported  by  Dr.  Steck,  and  at  a  number  of  places,  similar 
coal  or  lignite  beds  are  mentioned  in  the  same  report,  without  indication 
of  thickness.  On  both  sides  of  the  Bio  Grande,  numerous  beds  of 
K^te  (named  bitnminons  coal)  are  found  near  Dona  Ana  and 
MesiUa,  and  others  still  are  reported  west  of  the  Bio  Grande,  one  three 
hundred  miles  from  Albuquerque,  by  Dr.  Kewberry,  who  saw  near 
the  Moqnl  villages  a  bed  12  feet  thick }  another  by  Dr.  Parry,  who 
saw  a  bed  4  feet  thick  on  the  Zn£d  Pass,  near  Pescado  Springs;  and 
Btill,  by  the  same  geologist,  many  beds  of  lignite  about  thirty  miles 
irest  of  the  Bio  Grande,  in  the  ^arociuo  Gallon,  varying  in  thickness 
from  3  to  4  feet.  A  number  of  localities  where  lignite-coal  has  been 
reported  ou  the  difierent  lines  proposed  for  the  railroad  are  still  men- 
tioned in  General  Palmer's  report.  But  this  already  gives  us  sufficient 
proof  of  the  productiveness  of  the*  great  Lignitic  south  of  the  Baton 
Mountains,  and  in  countries  still  unexplored  where  the  mineral  deposits 
are  as  yet  mostly  unknown. 

The  ligoite-beds  in  the  vicinity  of  Trinidad  have  as  yet  been  scarcely 
opened.  Some  coal  is  hauled  to  the  town  from  the  base  of  the  Baton 
Mountains,  on  the  road'of  the  Baton  Pass,  where,  as  already  reported  in 
section,  the  lowest  beds  have  a  thickness  of  4  feet  or  more.  According 
to  the  information  received  from  persons  well  acquainted  with  the 
eonntry,  there  is  a  great  deal  of  coal  all  around  the  town ;  so  much, 
indeed,  that  everybody  can  take  it  and  haul  it  for  their  own  use  when- 
ever they  like  and  without  paying  for  it.  As  there  is  still  au  abundance 
of  wood,  pine  and  juniper,  in  the  country,  and  a  limited  population 
without  railroads,  the  demand  for  coal  is  very  limited  indeed.  But 
there  is  for  the  future  a  reserve  which  already  demands  careful  investi- 
gations and  a  sagacious  investment  of  money,  especially  by  the  com- 
panies of  railroads  in  process  of  construction  to  the  south.  This  is 
especially  the  case  in  regard  to  the  Lignitic  deposit  overlaying  the 
Eoeene  sandstone  from  Trinidad  to  the  foot  of  the  Spanish  Peak.  A 
nnmber  of  beds  of  lignite  have  been  already  reported  from  this  basin  ; 
iHrar  Gray's  ranch,  a  stage-station ;  near  Ghicosa,  twenty  miles  north 
of  Trinidad,  &c.,  &c.    The  coal  there,  being  considered  as  of  no  value 
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i^batever,  has  not  been  looked  for,  and  the  Dameroas  oatcrops  i^naiked 
in  the  hills  have  not  been  tefi^.  The  lignite  of  this  part  of  the  oMiDtry 
appears,  however,  of  remarkably  good  quality,  even  richer  in  caibea 
than  the  Baton  coal,  and  compact  enough  to  give  good  hard  coke  by 
distillation,  an  important  quality  which  has  not  as  yet  been  recognised 
in  any  of  the  Tertiary  lignite,  except  in  the  Placiere  anthracite.  The 
analysis  of  the  lignite  of  Ohicosa  is  given  hereafter  in  a  comparative 
table. 

In  resuming  the  remarks  on  the  lignite  of  the  country,  it  is  allowed 
to  conclude  that  from  positive  evidence  there  is  along  a  nearly  direct 
line  from  Pueblo  to  Santa  F^,  and  for  a  distance  of  more  than  three 
hundred  miles,  such  a  richness  of  combustible  mineral  in  the  Booeoe 
lignite-beds  as  may  be  sufficient  for  the  future  demands  of  a  large 
Iiopulation.  The  supply  of  coal  on  that  line  can  be  considered  from  Si 
appearances  as  inexhaustible. 

§  3.  The  Colorado  Lignitio  Basin,  fbom  Pueblo  to  OHSTBimB. 


A  separated  number  of  this  great  basin,  or  rather  an  isolated 
spared  by  the  work  of  denudation  along  the  base  of  the  Bocky  Monnt- 
ains,  is  the  small  Lignitic  basin  in  the  Arkansas  Valley,  east  of  Canon 
City.  Its  exact  productiveness  is  not  as  yet  ascertained.  The  report 
of  Mr.  Nelson  Clarke,  already  noticed,  says  that  the  coal-yielding  rocke 
contain  at  least  nine  seams  of  lignite,  varying  in  thickness  from  6  inches 
to  8  feet:  ^Hwo  seams  at  the  south,  close  to  the  range,  are  respectively 
6  and  7  feet  thick  and  but  50  feet  apart;  at  the  north,  on  the  river,  they 
are  but  2  and  4  feet  thick  and  at  least  150  feet  apart."  The  loweet  <^ 
these  seams  of  cosd  is  known  as  the  Cafion  City  coal,  now  the  land 
property  of  the  Colorado  Improvement  Company.  The  coal  is  51  inches 
thick,  black,  compact,  uniform  in  color  and  compound,  separating  in 
large  cubic  blocks  by  cleavage,  and  from  appearance  not  liable  to  disin- 
tegration by  atmospheric  influence.  This  coal  was  already  known  and 
in  demand  for  blacksmiths  even  at  Denver,  though  before  the  build- 
ing of  the  Denver  and  Bio  Grande  Bailroad,  the  cost  of  transporta- 
tion was  very  high.  When  I  passed  the  place  the  branch  of  the  rail- 
road from  Pueblo  to  Canon  City  was  not  yet  finished  and  the  lignite 
was  hauled  to  Pueblo  for  the  use  of  the  railroad  at  the  cost  of  $5  per 
ton.  Kow  it  is  already  shipped  from  the  newly  oi)ened  mines  at  the 
rate  of  about  one  hundred  and  fifty  tons  per  diem.  Borings  are  in  pro- 
cess at  different  places  to  ascertain  the  thickness  and  continuity  of  the 
veins.  From  what  is  known  as  yet,  this  small  basin  has  a  produoti\'e 
capacity  which  will  afford  combustible  materials  for  a  length  of  time. 

The  bed  of  lignite  formerly  mentioned  as  the  Gehrung's  coal,  at  the 
base  of  the  Colorado  pinery,  does  not  promise  well  for  future  demand. 
It  is  too  thin,  only  2  feet  thick,  too  friable,  and,  as  worked  now,  the 
mine  is  subject  to  inundation  in  high  water.  It  can,  however,  be  found 
improving  In  thickness  and  quality  to  the  south,  where  shafts  could  be 
sunk  at  a  distance  from  the  river.  But  abundance  of  combustible  ma- 
terial is  now  easily  and  cheaply  procured  by  railroad,  and  the  cost  of 
building  a  shaft  and  of  working  the  coal  would  be  above  the  value  of 
lignite  of  inlerior  quality  from  a  bed  less  than  4  feet  thick. 

The  Eocene  formation  so  largely  developed  along  the  Bocky  Mount- 
ains, f^om  the  North  Fork  of  Platte  Biver  to  Cheyenne,  will  be  for  a  long 
time  to  come  the  essentirJ  magazine  of  combustible,  whereirom  an 
abundance  of  excellent  materials  will  be  supplied  to  the  railroads,  and 
the  already  large  populatiou  of  the  country.    If  some  of  the  opened 
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veins  do  not  yield  now  as  largely  as  it  was  at  first  expected,  the  reason 
is  espeeiftUy  in  the  want  of  good  management  in  the  mining,  provoked 
by  nnprofitable  working.  Here,  as  everywhere,  coal  mines  have  been  at 
fbrst  considered  by  the  proprietors  as  t^ne  gold-mines,  ^hose  posses- 
sion was  to  bring  immediately  splendid  profits  by  exploitation.  Lignite- 
beds  have  been  opened  everywhere,  even  far  from  a  good  market, 
and  against  great  difficulty  of  transportation,  &c.  For  many,  the 
resolt  has  been  disappointment,  neglect  of  the  working  of  the  veins, 
and  even  their  total  abandonment.  Now  railroad  branches  have  been 
boilt  or  are  in  process  of  constmction  from  Denver,  or  from  the  Denver 
and  Pacific  Bailroad  to  the  most  important  coal-depo«ts.  The  snpply, 
already  fnlly  equal  to  the  demand,  is  increasing  everyday;  and  if  noth- 
ing is  done  by  the  proprietors  to  moderate  it,  they  may  find  a  new  caase 
of  loss  in  the  saperabandemce  of  coal  mined  for  an  overstocked  market. 
This  excitement  might  be  dangerons  for  the  fatare,  if  the  lignite-beds 
already  opened  or  worked  were  not  thick  and  over  extensive  areas. 
But  what  is  known  of  the  productiveness  of  the  Lignitic  measures  of 
this  country  indicates,  indeed,  an  immense  reserve  of  combustible  ma- 
tmals. 

Most  of  the  lignite-beds  exposed  along  the  creeks  of  this  section 
have  been  tested.  Dr.  Hayden*  notices  a  coal-bed  opened  and  worked 
to  some  extent  near  the  canon  of  the  South  Platte,  and  two  beds  now 
oov^ed  with  loose  materials,  in  all  B  feet  of  lignite  separated  by  2  feet 
of  day.    The  coal  is  not  very  good,  and  has  not  been  used  for  years. 

Going  north,  and  before  reaching  Golden  City,  the  first  coal- vein  seen 
opoied  is  at  Wheeler  and  Johnson's  mines,  near  Green  Mountains, 
one  mUe  east  of  Mount-Vemon.  The  coal  is  7  feet  tbick ;  not  of  very 
good  quality.  Then,  three  miles  east,  the  Bowe  coal-bank,  6  feet  thick, 
of  a  better  quality  than  the  former.  This  vein,  which  is  noticed  in  Dr. 
Hayden's  report,  1860,  dips  east  67^;  is  very  accessible,  and  not  troubled 
with  much  water.  It  has  furnished,  up  to  1808,  about  two  hundred  and 
ifty  tons  of  coal,  but  is  now  idle  for  want  of  good  eommonicatiou.t  The 
coal-veins  of  Golden  City,  three  miles  north  of  the  Bowe  mines,  are  now 
opened  at  five  diiferent  points,  the  lignite-beds  varying  in  thickness 
fiNMU  5  to  11,  even  to  14  feet*  On  the  shaft  near  the  railroad-line,  the 
ond,  7  to  11  feet  thick,  is  nearly  vertical.  Half  a  mile  from  this,  another 
shaft  70  feet  deep  works  the  same  bed,  also  nearly  vertical,  9  to  11  feet 
of  solid,  very  good  coal.  This  vein  of  coal  has  been  traced  and  opened 
from  Bowels  coal-bank,  five  miles  southwest  of  Golden,  to  a  point  seven 
miles  north  of  Golden,  and  tapped  in  eleven  different  points  without 
diseovering  as  yet  any  appearance  of  failure  in  the  vein.  Ih  what  is  called 
the  Golden  City  coal-mines,  the  vein  is  opened  at  three  different  places,  9 
to  14  feet  thick,  and  has  been  worked  continuously  since  1865.  It  was 
discovered  18Gl-'62.  The  mines  have  furnished  as  yet  about  eight 
thousand  tons  only,  and  are  worked  at  an  average  of  thirty  tons  a  day. 
The  dip  varies  from  fi5^  to  71^  southwest. 

At  the  Johnson's  coal-mine,  half  a  mile  southwest  of  Golden,  the  vein 
is  mined  9  feet  thick,  to  a  depth  of  90  feet  And  at  Welsh  &  Com- 
pany's coal-bank,  one-third  of  a  mile  south  of  the  former,  the  vein 
w<Nrk^  is  5  to  7  feet  thick;  dip,  71^  southwest;  and  five  veins  of  lignite 
are  seen  there  parallel  to  one  another  and  of  various  thicknesses. 

Following  northward  the  same  lignite-strata,  which,  as  said  above, 

*  Beporfcy  1809,  pasee  37  and  38. 

t  These  proclM  ana  valuable  infonnations  on  the  liffnite-beds  of  Golden  and  of  the 
ooontiy  aronnd  are  dao  to  the  kindneee  of  M|f.  £.  BertSoad,  civil  engineer  at  Golden. 
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have  been  tested  and  recognized  continaoas,  we  find  them  opened  on 
the  Balaton  Greek,  at  Marphy's,  five  miles  north  of  Golden,  where  tH^ 
vein,  nearly  vertical,  averages  in  thickness  16  feet  of  solid  eoal  withont 
parting  of  any  kind.  Eighteen  thousand  tons  of  lignite  have  been 
taken  from  this  mine  since  it  was  opened. 

Half  a  mile  south  of  Murphy's,  the  Mineral  Land  Oompany  has  opened 
the  same  vein,  9  feet  thick,  also  withont  parting,  but  contorted  in  its 
uplift  The  lignite  is  of  the  same  quality,  but  the  bed  has  not  yet  beefr 
worked  to  any  extent. 

North  of  Ralston  Greek  to  Marshall,  the  lignite  is  not  worked  now. 
Bat,  as  it  has  been  already  remarked,  in  the  banks  of  all  the  creeks 
which,  descending  from  the  mountains,  have  dug  their  beds  through 
the  Eocene  formation,  beds  of  lignite  varying  in  thickness  from  5  to 
9  feet  are  exposed ;  some  of  them  already  tested  have  been  worked 
formerly  to  some  extent.  The  conclusion,  therefore,  on  the  contiuufty 
of  the  Lignitic  basin  from  south  of  Golden,  even  from  the  North  Platte 
to  Boulder  Greek,  is  fully  warranted.  It  is,  in  a  direct  line,  a  distance 
of  fifty  miles,  and  even,  as  beds  of  lignite  have  been  reported  from 
Thomson  Creek  and  Gachala  Poudre  Biver,  the  continuity  of  the  Lignitic 
beds  maybe  admitted  for  fifbeen  to  twenty  miles  further  north.  The  ex- 
tent of  the  basin  from  east  to  west,  or  its  width,  is  not  as  yet  ascer- 
tained. In  the  space  limited  between  the  primitive  rocks  and  die 
basaltic  dike,  where  the  strata  are  thrown  up  nearly  perpendicular,  t^e 
amount  of  coal  can  be  computed  only  from  the  depth  attainable  in  the 
working  of  the  mines.  The  length  of  this  area  from  the  Bowe  mine  to 
Goal  Greek  is  about  fifteen  miles.  Thence  northward,  as  the  strata 
take  their  normal  horizontal  position^  the  lignite-beds  appear  to  be 
continuous  from  the  base  of  the  mountains  to  the  Platte,  or  for  about 
fifteen  miles  from  west  to  east  £  have  no  doubt  that  beds  of  lignite 
can  be  found  further  east  by  shaft,  as  they  have  been  found  east  of 
Denver,  on  the  Kansas  Pacific  Bailroad.  But  as  the  quality  of  the 
lignite  deteriorates  in  proportion  to  the  distance  from  the  mountains, 
the  con)bustible  mineral  would  be  there  of  little  value,  especially  while 
an  immense  amount  of  lignite  of  good  quality  is  as  yet  untouched  in 
the  valley  of  Boulder  Greek.  The  section  at  Marshall's  indicates  63  feet 
of  coal  in  a  thickness  of  500  to  600  feet>,  seven  of  'the  beds  varying  in 
thickness  from  4  to  14  feet,  the  lowest  one  now  worked,  10  feet.  Even 
ttom  Marshall's  estate  little  coal  has  been  taken  out  till  now,  on 
account  of  the  difficulty  of  transportation.  From  information  kiYidly 
given  by  the  proprietor,  the  mining  amounts  to  about  twenty-five  tons 
per  day,  while,  with  the  facilities  of  railroad  transportation,  the  same 
mine  could  be  worked  in  a  way  to  furnish  at  least  three  hundred  tons 
per  day.  Most  of  the  coal  of  this  country  is  obtained  from  the  Eirie 
mine,  fourteen  miles  southeast  of  Marshall's,  where  the  bank  is  8  to  lO 
feet  thick.  The  land  is  the  property  of  the  Kansas  Pacific  Baili^d, 
which  has  a  branch  railroad  to  Boulder  Gity,  and,  of  course,  preserves 
the  monopoly  of  transportation.  They  take  out  of  t^e  mine  an  average 
of  two  hundred  tons  daily.  A  railroad  is  now  in  progress  of  constme- 
tion  from  Julesburgh  to  Golden,  traced  through  the  rich  Lignitic  depos- 
its of  the  Boulder  Valley,  and  passing  three  miles  east  and  north  of 
Marshall's.  This  railroad,  of  course,  will  change  much  the  proportion  of 
coal  mining  from  difierent  localities  where  lignitic  coal  is  obtained| 
bringing  to  market  the  material  in  quantity  relative  to  its  quality. 

The  facility  of  transportation  may  not  be  at  first  an  advantage  to  the 
proprietors  on  account  of  the  greater  competition  in  the  market,  the 
demand  as  yet  not  being  considerable  enough  to  justify  explorations  cf 
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large  exteDt  The  eonsumption  from  Denver  and  cities  around  is  esti- 
mated at  about  foar  hundred  tons  per  day.  The  lignite-bank  of  Erie 
eaa  supply,  for  an  indefinite  time,  the  demand  of  the  Kansas  Pacific 
Bailroaid,  while  the  Denver  and  Bio  Grande  Eailroad  has  now  a  full 
supply  from  the  Canon  City  coal-bed,  and  a  large  overplus  left  for  the 
Denver  market  or  any  other  on  its  line. 

It  is  evident,  therefore,  that  there  is  for  the  pre^aent  more  danger  of  a 
glutted  market  than  of  a  scarcity  of  combustible  material,  and  that  for 
the  future  the  settlements  in  the  valley  of  the  Eocky  Mountains,  and 
especially  along  their  eastern  base,  may  rely  on  a  permanent  and  cheap 
supply  of  coal.  I  should  admit  the  same  conclusion  even  in  considering 
that  the  settlements  along  the  Kansas  Pacific  Bailroad  from  Den- 
ver to  the  limits  of  Kansas  will  have  to  get  their  fuel  from  the  same 
BosFoe.  The  estimate  in  tons  of  the  average  productiveness  of  a  bed  of 
bituminoas  ooal  of  the  old  measures,  is  generally  marked  at  one  million 
of  tons  per  foot  of  thickness  in  one  square  mile.  Counting  a  single  bed 
of  lignite  of  the  Boulder  Valley  at  9  feet  thick,  extended  over  a  surface 
of  only  twenty-five  square  miles,  what  should  we  find  f  Deducting  one- 
fifth  for  difference  in  density  between  bituminous  and  lignite  coal,  or 
admitting  only  eight  hundred  thousand  tons  per  foot  of  Uiickness  in  a 
square  mile ;  deducting  still  from  this  amount  one-half  for  drawbacks 
in  mining,  the  result  would  be  four  hundred  thousand  tons  per  foot  of 
lignite  in  a  square  mile,  or  for  9  feet  three  million  six  hundred  thou- 
sand tons,  and  in  an  area  of  twenty-five  square  miles,  ninety  millions  of 
tons  obtainable  from  a  comparatively  limited  extent  of  the  Liguitic  basin. 
Though  I  believe  that  this  estimate  is  below  the  reality,  calculations  of 
this  kind  can  never  be  positively  reliable,  and  should  be  admitted  with 
due  caution.  It  is,  however,  of  the  greatest  importance  for  the  pro- 
prietors, and  for  the  consumers  too,  to  positively  know  the  capacity  of 
the  lignite-beds,  in  order  to  regulate  the  mining,  and  to  fix  rates  of 
price  j^vantageous  to  both  parties. 

i  4.  Ths  Lignite-Deposits  along  the  Union  Pacifio  Bailroad 

FROM  Cheyenne  to  Evansion. 

The  distribution  and  capacity  of  the  lignite-beds  of  this  section  have 
been  reported  already  in  considering  the  geological  distribution  of  the 
ijocene  formation.  The  essential  supply  of  coal,  either  for  the  railroad 
or  for  the  demand  along  its  line,  has  been,  and  is  still,  obtained  from 
Carbon,  Bock  Springs,  and  Bvanston.  The  beds  of  lignite  at  Carbon 
are  distributed  in  three  separate  basins  of  limited  eoictent.  Two  of 
these  have  furnished  already  abundant  materials,  being  mined  since  the 
beginning  of  the  construction  of  the  railroad.  No  data  have  been 
obtained  sufficiently  precise  to  allow  an  estimate  of  the  productive 
capaoity  of  the  Lignitic  strata  there  still  obtainable  for  exploitation. 
The  superintendent  of  the  mines  remarks  that  the  coal  is  difficult  to 
work,  being  unreliable  and  cut  by  faults  and  irregularities.  Moreover, 
tiie  mine  has  been  ignited  by  spontaneous  combustion  of  the  slack  coal, 
and  been  on  fire  for  a  length  of  tima  Now  the  amount  of  coal  obtained 
fiom  Carbon  is  about  three  hundred  tons  daily. 

At  Bock  Spring  the  vein  of  lignite  is  still  thicker  than  at  Carbon, 
and  the  material  of  very  fine  quality.  It  has  been,  and  is  now,  mined 
in  the  same  proportion  as  at  Carbon.  The  productive  capacity  of  this 
basin  is  still  very  great,  especially  considering  theamouutof  coal  which 
could  be  obtained  from  lower  beds  by  shafts.  The  area  covered  by  the 
vpper  bed  is,  however^  limited,  and  as  this  bed  is  now  mined  by  three 
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different  oompaDies,  the  supply  of  its  exeelleAt  material  caDnot  be  relied 
upon  for  a  great  length  of  time. 

At  Evanston  the  euormoa8  thickness  of  the  coal  seems  to  ptomisey 
for  many  years,  an  abundant  supply  of  materials.  But  here  the  thick- 
ness of  the  clay-partings  and  the  dip  oi  the  beds  cause  great  difl- 
culty  of  mining.  A  part  of  the  bank  has  to  remain  for  roof,  another 
part  is  lost  by  slack  in  the  separation  of  the  parting,  and  this  bed,  which 
is  also  of  limited  extent,  has  to  supply,  on  one  side,  the  Union  Pacific 
Company,  by  the  Wyoming  Company,  and  on  the  other,  the  Central  Pa- 
cific fiailroad  to  San  Francisco,  by  the  Hocky  Mountain  Coal  and  boa 
Company.  This  last  company's  mining  amounts  to  five  hunded  tOD& 
per  day  in  the  average ;  that  of  the  other,  to  three  hundred  tons. 
Besides  this,  beds  of  lignite  have  been  opened  by  private  enterpriaeat 
divers  places,  and  are  worked  to  a  limited  extent,  especiidly  at  Blaek 
Buttes  and  Hallville.  These  and  the  already  reported  lignite-beds  of 
Point  of  Bocks,  Creston,  and  Washakie,  promise  some  further  sop]^ 
for  the  future,  and  I  have  no  doubt  that  a  number  of  valuable  d^[>e«t8 
may  be  still  discovered  in  the  Lignitic  basin  at  a  short  distance  and  on 
both  sides  of  the  railroad.  It  is,  nevertheless,  certain  that  if  the  coal 
is  not  carefully  husbanded  along  the  Union  Pacific  Railroad,  there  will 
be  great  difficulty  of  obtaining  a  large  supply  in  a  short  time  to  oome. 
The  present  production  of  the  mine  of  the  Wyoming  Coal  Company  is 
about  ten  thousand  tons  per  month,  while  the  consumption  of  coal  by 
the  Union  Pacific  Railroad  averages  about  ninety  thousand  tons  per 
year. 

§  5.  COKOLITPING  BEMAHKB. 

The  loss  of  materials  by  mining  the  lignite-beds  of  the  Boeky 
Mountains  is  especially  caused — 

1st.  By  the  difficulty  of  sufficient  roofing,  on  account  of  the  scarcity 
and  of  the  high  price  of  the  timber  used  for  that  purpose.  At  Bock 
Spring,  a  post  six  feet  long  by  four  inches  in  diameter  costs  ove  dollar. 

2d.  By  the  want  of  good  reliable  miners,  who  cannot  be  induced  to  go 
and  live  in  such  a  rough  and  unsettled  country  but  by  a  higher  remu- 
neration comparatively  to  the  value  of  the  work. 

3d.  By  the  great  amount  of  slack,  caused  either  by  carelessness  in 
mining  a  substance  less  hard  and  compact  than  true  coal,  or  by  disinte- 
gration from  the  walls  and  roofs  in  the  mines  under  atmospheno  in- 
fluence. This  slack  or  small  coal  is  always  difficult  to  dispose  of,  and 
dangerous  too,  being  subject  to  spontaneous  ignition,  either  in  the 
mines  or  out  of  them.  The  superintendent  of  the  Carbon  mines,  Mr. 
Williams,  informed  me  that  it  was  by  neglect  of  the  miners,  who  were 
on  a  strike,  and  during  his  absence,  that  the  slack  was  ignited  in  some 
part  of  the  mines,  which  have  continued  on  fire  ever  since. 

The  uncertainty  on  account  of  a  future  sufficient  supply  of  good  lig- 
nite along  the  line  of  the  Union  Pacific  Bailroad,  and  the  constantly 
increasing  demand  of  this  material  for  the  Utah  settlements,  for  towns 
and  stations  along  this  railroad  from  Omaha  to  San  Francisco,  even  for 
the  California  markets  on  the  Pacific,  should  induce  researches  by  bor^ 
ings  and  detailed  explorations  for  the  discoveries  of  new  deposits  of 
lignite,  and  especially  a  more  careful  economy  in  mining.  The  im- 
provement  of  the  quality  of  the  matter  and  the  disposed  of  even  its 
small  parts,  the  slack,  should  be  attempted  by  repeated  experiments. 

Experiments  of  this  kind  have  been  made  long  time  ago  in  Europe, 
and  the  small  coal,  which  by  atmosi^ieric  influence  soon  becomes  lost 
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into  dast,  has  been  profitably  used  by  mixing  it  with  a  certain  proportion 
of  moist  clay.  The  same  method  has  been  tried  in  the  Lehigh  anthracite 
region  of  Pennsylvania,  where  the  coal  is  comparatively  of  far  less  value 
than  the  lignite  of  the  Bocicy  Mountains,  and  large,  expensive  machinery 
has  been  erected  for  that  parpose.  As  yet  these  experiments  have 
proved  a  failure,  or,  at  least,  have  not  given  remunerative  results.  The 
mixing  of  clay,  or  of  any  other  mineral  incombustible  cement,  cannot 
improve  the  material,  especially  not  when,  as  is  the  case  with  the  lignite, 
the  heating  power  of  the  matter  in  its  purity,  is  not  always  as  strong 
as  required  by  enginery.  It  seems  very  probable,  however,  that  the 
admixture  of  bitumen  with  small  coal  either  pulverized  or  in  pieces  of 
moderate  size,  should,  by  compression  of  the  paste,  furnish  an  excellent 
combnstible  material.  The  bitumen,  of  course,  should  be  obtained  or 
lednoed  to  the  consistence  of  a  kind  of  glue.  I  wonder  that,  with  the 
imaiense  amount  of  bitumen  stored  in  the  black  shale  of  the  Oreeu  Biver 
group,  no  trial  has  as  yet  been  made  by  some  company  for  the  applica- 
bility of  this  material.  Thick  beds  of  these  black  shales  are  exposed 
all  along  the  railroad  from  Bock  Springs  to  Bryan  and  farther.  And 
some  of  them  are  impregnated  with  so  much  bitumen  that,  as  I  have 
said  alreiMly,  the  matter  is  percolating  from  them  through  the  under- 
lying sandstone.  Though  the  shales  do  not  consume,  they  are  often 
used  for  fuel  by  the  settlers.  The  coal  of  Blko  Station  was  for  a  time 
burned  in  locomotives  in  the  Utah  Valley,  and  this  coal  is  nothing  but 
black  shale  of  the  same  Green  Biver  formation.  A  few  experiments, 
which  would  cost  comparatively  little,  would  settle  this  important 
question,  and  I  truly  believe  that  the  result  would  be  successful  and 
would  confer  immense  advantage  on  the  people  at  large  interested  in  the 
ooal-supply  of  the  Bocky  Mountains,  and  still  more  on  the  railroad  and 
the  instigators  of  such  an  enterprise.  Nature  has  done  nothing  in  vain ; 
this  truth  cannot  be  too  often  acknowledged.  This  bitumen  of  the 
Mack  shale  is  a  complement  of  the  as  yetuntinished  work  of  the  lignite 
matter.  It  depends  on  the  ingenuity  of  man  to  render  it  what  it  should 
be,  fully  appropriate  to  the  wants  of  that  population  which  is  crowd- 
ing inthat,  as  yet,  undeveloped  region. 

I  do  not  think,  however,  that  without  this  improvement  of  its  mat- 
ter, the  lignite,  as  it  is,  is  inadequate  to  the  present  necessity.  For  the 
Bocky  Mountains,  however,  the  present  is  nothing  in  proportion  to  the 
promised  future. 

In  comparing  the  value  of  the  lignite  for  heating  power,  a  great  number 
of  analyses  have  been  made,  and,  of  course,  the  results  arrived  at  have 
not  always  proved  reliable.  All  the  lignite,  and  the  coal,  too,  contain 
more  or  less  water,  in  a  degree  relative  to  the  progress  of  decomposition 
of  the  woody  matter.  In  proportion  as  this  decomposition  advances  the 
amoant  of  water  diminishes,  and  the  compactness  of  the  coal  increases 
with  its  proportion  of  pure  carbon.  It  is  therefore  admitted,  as  a  general 
nde,  that  the  value  of  a  combustible  of  any  kind,  or  its  heating  prep- 
ay, is  proportionate  to  its  density.  The  density  for  the  combustible 
minerals  is  sometimes  increased  by  an  amount  of  earthy  matter,  easily 
reoognizable  in  the  proportion  of  ashes.  In  our  lignite  of  the  West  this 
exceptionable  case  is  not  often  remarked,  and  the  lignite-beds  of  the  Bocky 
Uonntains  generally  give  a  material  of  good  qiiality,  weighing  in  the 
average  one- fifth  less  than  the  best  coal  of  our  old  Carboniferous  ineas- 
mres.  Local  differences  are  remarked,  of  course,  but,  as  I  said  above, 
noostly  resulting  from  the  degree  of  carbonization  of  the  woody  substance 
which  appears  to  have  been  increased  by  the  influence  of  the  primitive 
HHsks  accortling  to  their  proximity.    It  is  for  this  reason  that  the  quality 
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of  the  lignite  becomes  impaired  at  a  greater  distanee  from  the  momit- 
ains,  in  l^s  of  the  same  age. 

The  companies  and  proprietors  of  lignite-beds  make  constant  inquiries 
of  the  possibility  of  reducing  or  smelting  iron  ore  with  their  co^  I 
think  that  this  could  be  done  with  lignite,  producing  good  hsurd  coke, 
which  then  could  be  used  as  charcoal.  But  scarcely  any  of  the  lignites  of 
the  West  have  been  as  yet  so  far  deprived  of  water  that  their  balk  may 
be  left  compact  by  combustion.  I  know  only  of  the  Placiere  anthraeite, 
(lignite,)  and  of  the  Chicosa  coal,  as  having  given  such  result;  all  the 
other  lignite  gives  dust-coke*  In  confirmation  of  this  assertion,  and  to 
end  this  subject,  I  append  a  few  analyses  made  from  specimens  selected 
by  myself  as  representing  the  average  value  of  the  beds  where  th^ 
were  obtained.  These  analyses  have  the  merit  of  being  carefully  made* 
all  with  the  same  process  and  by  the  same  chemist,  and  therefore  oflbr 
perfectly  reliable  points  of  comparison.  They  complete  the  table  of 
analyses  given  by  Mr.  James  T.  Hodge  in  his  excellent  paper  on  the 
Tertiary  coal  of  the  Bocky  Mountains.  Put  in  opposition,  as  tbej  are 
here,  they  present  a  reliable  account  of  the  essential  compounds  and  erf 
the  comparative  value  of  the  more  important  deposits  of  our  western 
lignitic  coal.  It  is  to  be  regretted  that  no  more  care  is  given  to  the 
preparation  of  documents  of  this  kind.  Comparative  analyses  should 
be  made  by  the  same  chemist,  and  the  result  published  under  a  well- 
known  authority,  to  prevent  frauds  or  impositions  by  the  publication  <rf 
misrepresented  or  often  false  statements. 

AHdl^ie$  0/  coaU  by  Mr,  C.  Iao  Meti. 
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0.385 

0.083 

a  708 

0.99^ 

0l66 

0.519 

0.68B 

3. 929 

3.930 

3.61 

4.21 

4.327 

4.088 

3.94 

Pnlv. 

Pulv. 

PnlT. 

<•) 

PnlT. 

Pnlv. 

Pttlr. 

Gray. 

Gray. 

White. 

Gray. 

Yel'w. 

Fawn. 

Gray. 

Bboutbr  of  Samples.— 1  a,  Carbon,  Union  Pacific  Railroad ;  1  c,  Carbon.  Union  Paoiflc  Bailroad 
9,  Rock  Springs,  Union  Pacific  Railroad ;  3,  Filteen  miles  north  of  Trinidad,  New  Mexico ;  4,  Canytti 
City,  Colorado  Territory ;  5,  Colorado  SptingB,  Gehrung ;  6,  Hatoi  Monntains,  New  Mexico. 

Columbus,  Ouio,  January  20-25, 1673. 

*  Hard  metallic. 


*  By  a  youDg  fHend  of  mine,  already  an  experienced  chemist,  IVlr.  Leo  Mees,  of  Co- 
Inmbos.  The  analyses  were  made  in  the  laboratory  and  under  the  supervision  of  Pro- 
fessor Wormly. 
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.^JMlyief  ^  codU'fnm  ike  Bodkff  Jf<MmtaMM  &y  J,  T.  Sodge, 


LooaUtiM. 


Ci^,  Colondo  Territory, 
of  three  amilvaes 


GeMeo 

■Tcrage 

If nrphv,  Balaton  Creefc,  Colorado 
Territ  T,  average  of  three  analyaea 

MaTBhaO's,  Boulder  County 

Brigci,  Boaider  County 

Baker  a,  Boulder  County 

Carbon,  Wyoming  Territory 

Hallrille,  WyonUig  Territoy,  up- 
per bed 

BalhrUJe,  Wyoming  Terrltefy,  low- 
er bed 

Van  Drke,  Wyoming  Territory. . . 

'Bock  Sprl'ijEs,  Wroming  Territory 

BTanatoo.  Utah  Territory 

CTi8uan'a,Coalville,tTtahTerrltory 

Meant  Diablo,  California 


It 


1.S5 

L345 
1.33 
LS? 
L33 
1.33 

1.39 

1.32 
1.27 
1.99 
1.00 
L39 


I 


lafs 

13.81 
lS.iN> 
14.80 
15.00 
6.80 

13.19 

13.96 
8.19 
7.00 

&58 

ia66 

3L98 


4 


3.91 

5.31 
5.90 
3.40 
a85 

aoo 

3.76 

4.87 
9.00 
1.73 
6.30 
3.11 
4.71 


I 

I 


35l95 

35.88 
33.08 
34.50 
30.50 
3&48 

99.75 

99.46 
36.65 
36u81 
35.29 
38.93 
47.05 


46.57 

44.44 

49.79 
47.30 
50.05 
48l79 

54.37 

59.41 
53.93 
54.46 
49.90 
4a  00 
44.90 


Deacfiption. 


Gray  aah. 

Orange-color  aah. 
Gray  aah,  light  bulky. 
Orange-oolor  aah. 
Olive-brown  aah,  hard  &  tongh. 
Ught-gray  aah,  nearly  white. 

G^tay  aah,  BmokB  whitiah. 

Yellowidi-grvy  aah. 
LSght-gray  aan. 
Li^t-gray  aah-. 


EXDMERATION    AJSTD   DESCRIPTION   OF    FOSSIL    PLANTS 
FROM  THE  WESTERN  TERTIARY  FORMATIONS. 

BovAli  Park,  near  CasteWs  Bange. 

A  yellowish,  laminated,  soft  sbale,  breaking  easily  and  splitting  in 
fhin  layers.  Bemains  of  plants  well  preserved  and  distinct,  with 
remains  of  insects  and  feathers.  Specimens  collected  and  communicated 
by  Mr.  S.  A.  Allen. 

Ophioglobsum  Alleni,  9p.  nor. 

Leaf,  elliptical,  narrowed  by  a  curve  to  the  acute  base )  shorter  and 
broader  than  in  0.  loulgatum^  L.,  of  our  time,  with  the  same  areolation* 

The  leaf  is  about  3  cent,  long,  (point  broken,)  a  little  more  than 
2  cent,  broad,  marked  in  the  middle  by  the  remnant  of  a  fruiting 
pedicel,  l^o  fossil  species  of  this  genus  has  been  as  yet  published,  but 
a  small  one,  0.  asocenum^  Mass.,  from  the  Tertiary  of  Verona,  Italy. 

Thttites  callitbina,  Zfng,^  chlor.,  p.  22,  Pi.  vi,  Fig.  2. 

Though  the  fragments  are  small,  thev  are  very  distinct,  and  there  is 
no  appreciable  difiEerence  from  the  description  and  figures  of  this 
species.  The  same  specimen  bears  a  fragment  of  Salix  like  8.  lingu- 
hta,  Gopp. 

Planera  LONQii^OLiA,  sp.  nov. 

Leaves  oblong,  lanceolate,  obtusely  pointed,  wedge-shaped  at  the  base 
to  a  petiole;  borders  simply  dentate;  secondary  •  veins  thick,  simple, 
craspedodrome. 

It  differs  from  Planera  Ungeriy  Ett.,  and  its  varieties,  by  longer,  pro- 
portionally narrower  leaves;  by  more  oblique,  straight,  always  simple, 
secondary  veins,  which  are  thicker  and  more  distant;  by  more  obtuse 
and  larger  teeth;  some  of  the  leaves  are  unequal  at  base  and  curved 
on  one  side.  Average  length,  4  cent.,  1^  cent.  wide.  The  distinct 
areolation  is  that  of  the  species  as  marked  in  Heer,  Fl.  Fert.  Helv.,  PI. 
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Ixxx,  Pig.  3.     The  form  is  that  of  Myrica  Schlechtendali^  Heer,  Bom- 
staedt,  Fl,,  PI.  i,  Fig.  7. 

T  MJco  Statiofi,  Nevada. 

Specimens  on  the  same  kind  of  soft  laminated  clay  shale  as  the 
former;  collected  and  communicated  by  Mr.  S.  W.  Garman. 

Sequoia  angustipolia,  «p.  nov. 

Leaves  short,  narrow,  linear-pointed,  ei'ect,  or  slightly  appressed  all* 
aronnd  the  branches,  decarring  at  base. 

It  is  much  like  the  small  forms  of  Taxodium  duiiumj  as  figured  by 
Ett.,  Bil.  Fl.,  PI.  xii,  Figs.  3, 14, 15,  with  leaves,  however,  shorter  and 
decurrent. 

Thuya  Garmani,  «p.  nov. 

Branchlets  short,  alternate  along  a  primary  branch,  of  the  same 
thickness ;  leaves  nearly  round,  inflated,  and  marked  by  a  gland  at  the 
point,  narrowing  downward;  in  four  rows. 

The  specimen  is  small  but  very  distinct;  no  remain  of  cone  has  been 
found.  Its  nearest  aflfrnity  is  with  Thuya  sibiricaj  Hort.,  a  var.  of 
Thuya  occidentalism  L^  differing  by  shorter,  more  obtuse,  more  inflated 
leaves.  As  it  is  to  T;  sibiri^^a  what  this  variety  is  to  T.  occidentaliSj  it 
may  be  considered  as  a  parent  form  of  our  present  species. 

'  *;      ) '  Abies  Nevadensis,  «p.  nov. 

;''  ^  Leaves  two  ranked,  horizontally  spreading,  1  cent,  long,  2  miU.  wide, 
linear,  abruptly  pointed,  obtusely  narrowed  at  base  to  a  short  petiole, 
broadly  nerved. 

This  8i>ecies,  represented  only  by  a  small  branch,  is  like  the  large 
forms  of  Taxodium  duhium,  differing  by  exactly  linear  leaves,  obtuse  at 
both  ends,  larger  size  of  branches  and  leaves,  &c.  From  Tojntes  olrikij 
Heer,  Arct.  FL,  PL  Iv,  Fig.  7,  it  differs,  too,  by  linear,  shorter,  more 
horizontal  leaves.  Its  nearest  affinity  is  with  our  living  Abies  Cana- 
densisj  Mich.,  being  only  slightly  more  robust  and  the  leaves  more 
abruptly  rounded  and  not  enlarged  at  their  base.   • 

Salix  elonoata,  O.  Web.  Pal.,  p.  63,  PL  ii,  Fig.  10. 
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The  base  of  the  leaf  is  broken ;  the  part  left^  11  cent,  long,  exactly 
corresponds  in  size  and  nervation  with  the  upper  part  of  Weber's  figure. 

Baton  Mountaiji9* 

The  Thalassophytes  described  from  this  locality  are  all  from  the 
Eocene  sandstone  underlying  the  lignitic  strata. "  Except  the  specie 
of  this  class,  none  other  has  been  added  to  those  already  known  from 
specimens  obtained  formerly  by  Dr.  Hayden  and  described  in  Supt., 
pp.  12  to  16.  The  very  hard  metamori)hic  sandstone  and  shale  contain* 
ing  plants  breaks  under  the  hammer  in  irregular  small  fragments,  of 
little  value  for  the  paleontologist. 
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Spheria  lapidsa,  «p.  nav,  \^ 

Perithecia  roi^nd,  highly  convex,  1  to  2  millim.  broad,  growingin  lineal 
series  from  ander  the  bark  and  piercing  it  before  opening^  borders 
irregnlarly  lacerated ;  color  whitish. 

This  species  is  upon  a  petrified  fragment  of  wood,  part  of  which  is 
8till  corticated,  on  another  part  the  bark  has  been  destroyed.  The 
borders  of  the  opened  perithecia  are  somewhat  inflated.  A  single  one 
is  still  entire  or  unopened,  comparable  by  its  form  and  size  to  the  living 
Vemvoria  niiida^  Ach. 

Chondrites  subsimplex,  sp*  nov. 

Frond  cylindrical,  flattened  by  compression,  6  mill,  wide,  with  rare 
diehotomons,  long,  flexaous  branches,  mostly  of  the  same  size,  some, 
however,  reduced  in  size  to  one-half  from  the  point  of  division  from  the 
main  stem.  ^ 

This  species  is  found  mostly  flattened  or  expanded  upon  large  slabs 
Dot  passing  across  layers  of  sandstone.  Upon  some  of  these  slabs 
the  filaments  appear  simple, resembling  EalimeniteH  lumbncaideSy  Heer, 
{Urwelt  der  Schweitz.)  The  surface  is  irregularly  roughened  and 
generally  marked  in  the  middle  by  a  depression  indicating  the  flstulose 
character  of  the  plant. 

Chondrites  btjlbosus,  sp.  nov.  \ 

Frond  plain,  irregnlarly  subpinnately  divided  in  opposite  or  alternate 
branches,  close  to  each  other,  or  distant,  short,  inflated  like  irregular 
tubercles. 

The  branches  vary  in  thickness  from  two  to  five  mill.,  generally  five 
to  eight  mill,  long,  often  bilobed  at  the  obtuse  point ;  they  are,  like 
the  main  stem,  ino^inately  inflated  and  narj'owed. 

Halymenites  striatus,  8p.  nov. 

Frond  cylindrical  or  compressed,  erect,  one  foot  long  or  more^  dieho- 
tomons ;  branches  short. 

The  ramification  of  this  species  is  variable,  the  divisions  being  more 
or  less  open,  sometimes  at  a  right  angle  from  an  inflation  of  the  main 
axis.  The  surface  appears  generally  smooth ;  where  the  coating  of  stone 
is  rnbbed  out,  it  appears  coarsely  ribbed  as  by  a  linear  series  of  tuber- 
culeifoiTn  sporanges.  The  branches  perforate  the  sandstone  in  every 
direction.  It  is  related  to  Fucoides  eylindrieus^  Stemb.  Common 
at  the  Baton ;  found  also  at  Golden  by  Professor  Meek. 

Halymenites  hajob,  sp.  nov. 

Frond  of  the  same  thickness  and  mode  of  division  as  the  former ; 
snrface  marked  by  round  contiguous  or  disjointed  tubercles  2  to  5  mill, 
broad  and  as  thick. 

It  has  the  same  general  appearance  as  the  former.  Its  branches  are 
sometimes  longer  and  smaller.    The  stems  are  2  cent,  broad. 

Halyhenites  minor,  F.  0. 

Branches  half  as  thick  as  in  the  former  species,  8  mill,  broad,  marked 
with  small  tubercles. 
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These  branches  are  of  the  same  size  and  form  as  the  one  figured  by 
Heer,  in  Urwelt  der  Schweitz,  (PI.  xi,  F.  1.)  As  they  are,  however, 
fonnd  in  connection  with  the  fonner  species,  at  least  in  the  same  beds 
of  sandstone,  they  may  represent  mere  divisions  of  it. 

Delesserli  inorasbata^  «p.  nov. 

Frond  sessile,  trifid  fh>m  its  base,  divisions,  thick,  obovate,  attenuated 
downward  to  a  narrow  pedicel ;  surface  plicate-rugose. 

The  sandstone  has  deep  prints  of  these  leaves,  which  appear  as 
united  in  groups  from  the  base,  or  growing  in  tufts.  One  of  these  leaves 
or  divisions  seen  isolated  is  oblanceolate,  abruptly  short-pointed,  grad- 
ually tapering  to  the  base,  2  cent,  wide  at  its  broadest  part,  near  the 
point,  3  mill,  at  base,  5  cent.  long.  If  by  the  form  of  its  leaves  this 
plant  is  a  Delesseriaj  the  thickness  of  its  divisions,  judged  from  their 
prints  on  the  stone,  is  different  from  that  of  any  living  species  of  this 
genns.  The  prints,  however,  may  have  been  made  by  the  superposition 
of  a  group  of  segments  of  the  same  form. 

Delesserla  lingttlata,  «p.  nov. 

Leaf  small,  coriaceous,  entire,  obtuse,  rounded  at  base,  slightly  con- 
tracted in  the  middle,  with  a  broad  inflated  medial  nerve. 

The  leaf  or  segment  is  2  cent.  long,  12  mill,  broad,  of  a  subcoriaceons 
or  thickish  consistence.  The  sandstone  has  many  fragments  of  the 
same  form  and  size. 

Abietites  bitbius,  Lsqx.,  Am.  Jour.  Science  and  Arts,  (1868,)  p.  203. 

Leaves  erect  or  slightly  open,  imbricated  around  the  branches,  Exactly 
lanceolate,  sharp-pointed,  broadest  at  the  base,  where  they  are  abruptly 
contracted  to  the  point  of  attachment. 

I  have  found,  probably  at  the  same  place  where  Dr.  Leconte  obtained 
his  specimens,  a  qnantity  of  branches  of  this  species,  varying  from  2 
cent,  to  3  mill,  in  thickness,  all  indicating  the  same  characters.  The 
leaves  are  8  mill,  long,  1^  mill,  broad,  near  the  base.  Stems  and  branch- 
lets  are  marked  by  the  deep  and  distinct  scars  of  the  base  of  the  leaves, 
varying  in  form  according  to  the  size  of  the  branches.  I^o  cones  or 
seeds  have  been  found  as  yet.  It  is  common  in  the  lower  lignitic 
Eocene.  Oood  specimens  of  the  stems  have  been  obtained  in  the  choco- 
late-clay beds  of  the  lignite,  near  Fort  Steele,  by  Professor  B.  F.  Meek. 
Its  affinity  to  living  species  is  as  yet  unascertained. 

Arundo  GSpperti,  Al.  Br. 

Large  fragments  of  leaves  with  characters  of  this  species. 

Phragmites  Oeningensis,  Al.  Br. 

In  connection  with  AMMtes  dubius  in  the  lignitic-bearing  strata,  and 
also  in  fragments  within  the  Eocene  sandstone. 

Sabal  OAMPBELLn,  (f )  Newb. 

It  is  described  in  Supt.,  p.  13.  The  fragments  are  very  abundant,  but 
always  obscure.    It  may  be  a  different  species. 
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PoPULUS  MONODOI7,  Lsqx.,  Sapt.,  pp.  13  and  14. 

The  leaf  is  smaller  than  those  already  described  from  this  place  and 
from  the  Mississippi  Eocene,  6  cent,  long,  4  cent,  wide,  ovate,  lanceolate, 
pointed,  rounded  at  base,  or  abrnptly  narrowed  to  the  petiole,  entire 
and  coriaceous.  The  nervation  is  that  marked  in  description  of  this 
species. 

GjmfAxamniL  MississiprBNSE,  Lsqz.,  Snpt.,  p.  14. 

Abundant.    Already  quoted  from  this  locality. 

Bhamnits  oboyatus,  Lsqx.,  Am.  Jour.  Science  and  Arts,  (1868,)  p.  207. 

Represented  by  some  specimens  exactly  similar  even  in  size  to  those 
obtained  from  Purgatory  Canon  by  Dr.  Leconte. 

Qehrun^s  ix>dlrhed^  nearjCohrafy.  Springs 

The  remains  of  fossil  plants  are  here  badly  preserved,  mixed  in  great 
nnmber  in  a  soft,  easily  disaggregating  sandstone.  They  are  mostly 
broken  and  undetenninable.  The  few  which  could  be  recognized  are 
the  following : 

Sabal  Gampbellh,  (f)  Netcb. 

The  same  form  as  that  of  Baton  Mountains. 

Platantts  HAYDENn,  Newb. 

Two  large  well-preserved  leaves. 

DOHBfiYOPSIS  OBTUSA,  9p.  flOV. 

Leaf  round,  cordate,  very  obtuse,  with  two  obtuse  scarcely-marked 
lob^  on  each  side,  near  the  point  at  the  extremity  of  the  lateral  veins, 
which  ascend  in  curving  from  the  base  of  the  medial  one. 

The  lower  part  of  this  leaf  is  broken,  and  therefore  its  description  is 
incomplete.  It  is  from  its  form  and  nervation  a  species  of  Dombeyopsis 
allied  to  D.  tridentj  Ludw.,  Pal.,  PI.  xHx,  Fig.  3,  twice  as  large,  and  dif- 
fering by  the  very  obtuse,  round  point,  and  scarcely-marked  obtuse 
lobes. 

Pious  TTLUBPOULA,  Al  Br. 

In  large  identifiable  fragments ;  no  leaf  entire. 

QfMen  City.  Colorado^  lyr. 

Host  of  the  specimens  are  from  a  sandstone  easily  cut  in  the  line  of 
straUfication,  and  where  entire  leaves,  even  of  large  size,  were  obtained. 

Sclebotium  bubellum,  tp.  nov. 

^  Oval  or  linear,  obtuse,  1  mill,  broad,  2  to  4  mill,  long,  following  or 
interiuediate  to  the  strise  of  Flabellaria  zinckeui,  Heer,  deeply  impressed 
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into  the  epidermis ;  reddish  at  its  surface  when  yoaog ;  center  some- 
what mamillate. 

It  haa  no  apparent  relation  to  any  fossil  species  as  yet  pablished. 
In  some  specimens  the  center  looks  split,  as  in  species  of  ffysterium. 

Delesssbu.  fulya,  sp.  fWV. 

Frond  membranaceous,  dichotomous,  (apparently  long,)  linear,  with  a 
thick  medial  nerve  ^  divisions  linear,  distant,  obtuse,  or  enlarged  at  the 
point. 

Tbe  preserved  part  of  the  frond  is  20  cent,  long,  its  average  width  6 
mill.  The  divisions  are  irregular  in  distance  and  position,  varying 
in  length  from  5  cent,  near  the  base  of  the  frond  to  mere  obtase  lobes 
at  its  upper  end.  Its  color  upon  the  white  sandstone  is  of  a  deep  yel- 
low. It  is  distantly  related  to  DeUsseria  SfihcerococcoideSy  Ett,  from  the 
Eocene  of  Promina. 

Sphenopteris  Eoobniga,  Ett.,  Poss.  VI  of  Promina,  p.  9,  PL  ii, 

Figs.  5-8. 

Frond  large,  at  least  tripinnately  divided;  secondary  pinnae  long, 
lanceolate,  tc^ier-pointed,  oblique,  from  a  half  round  narrow  rachis; 
pinnules  numerous,  very  oblique,  close  to  each  other,  contiguous,  united 
from  below  the  middle,  acutely  lobed;  veins  pinnate,  the  divisions 
either  simple  or  forking  once.  This  form  somewhat  difters  from  tbe 
one  published  by  Ettin^hausen,  by  the  connection  of  the  pinnules  from 
below  the  middle,  while  they  are  separated  from  the  base  in  the 
European  species;  also,  by  the  sharp-pointed  lobes  of  the  pinnules, 
these  being  described  as  obtase  by  tbe  author.  The  nervation,  too, 
shows  a  noticeable  difterence,  the  secondary  veins  in  our  specimens 
being  strong,  flat,  generally  simple,  and  ascending  to  the  point  of  a  lobe, 
or,  when  forking,  one  of  the  branches  passing  aside  to  oue  of  the  very 
acute  sinuses.  These  differences  may  be  specific  or  merely  simple 
varieties  resulting  from  the  part  of  the  frond  represented  by  the  speci- 
mens. The  general  appearance  is  the  same.  Splendid  specimens  of 
this  species  were  obtained  at  Golden,  especially  by  the  kindness  of  Bev. 
L.  Burns,  the  superintendent  of  the  mining  college  of  that  place. 

Ptebis  anceps,  sp.  nov. 

Frond  linear,  lanceolate,  thick  nerved,  with  apparently  entire  borders; 
secondary  veins  at  a  right  angle  from  the  medial  one,  thin,  though  dis- 
tinct, forking  near  the  base,  and  one  of  the  branches  forking  a  second 
time  from  the  middle. 

A  mere  fragment,  comparable  to  Lotnariopsis  cilinicay  Ett,  Fl.  Bil., 
p.  13,  PL  iii,  Fig.  13,  somewhat  different  by  the  nervation. 

Phbaghites  cbnikgensis,  Al  Br. 

Fine  specimen  of  stems  with  articulation  and  scars,  were  found  in  the 
white  sandstone  under  the  lignite  beds.  Professor  Meek  has  also  well- 
preserved  specimens  of  rootlets,  with  their  capillary  filaments  from  the 
same  sandstone. 
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Garbx  Bbrthoudi^  «p.  nov. 

Leaves  narrow,  flat,  narrowly  and  obsourely  striate,  except  on  the 
borders ;  seeds  nnmeroas,  flattened,  2  mill,  wide,  with  au  oval,  slightly 
pointed,  and  slightly  broader  perigynium. 

The  nervation  of  the  leaves  is  marked  only  by  two  veins  on  each 
border,  as  in  Cyperus  arcticus  Heer,  Fl.  of  Spitzberg.  The  seeds, 
apparently  attached  on  short  pedicels,  resemble  those  of  Carex  antiqiiaj 
Heer,  of  the  Baltic  flora,  as  represented  PI.  iii,  Fig.  18,  being,  however, 
larger,  and  the  perigynia  broader  than  the  seeds,  and  distinct. 

Flabellaria  zmoKENi,  Heer,  Fl.  Bomstaedt,  p.  11,  PI.  ii,  Fig.  3-4 

By  the  size  of  the  segment^^,  and  by  their  nervation,  the  numerons 
and  distinctly  veined  fragments  found  in  the  white  metamorphic  clay  of 
(jolden  represent  exactly  the  Earopean  species.  The  Bornstaedt  lignitio 
formation  is  considered  by  Heer  as  lowest  Miocene  or  upper  Eocene. 

Flabellaria  latania,  Stem.,  (Foss.,  Fl.,  1,  PI.  xl.) 

To  this  si>ecie8  of  Sternberg,  I  refer  a  number  of  specimens,  all  of 
striated,  tnbulose,  long,  linear  leaves,  like  those  published  under  this 
name  by  Ettinghausen  in  Fl.  Prom.,  p.  12,  PL  iii,  Fig.  2-3.  The  stride 
are  coarse  and  deep,  as  figured  by  thiis  author,  but  there  is  no  remain 
of  petiole. 

Sabal  goldiana,  9p.  nov. 

Distinct  from  Sabal  Campbellii,  Newb,  by  its  large  triquetrous  or 
lather  deeply  keeled  petiole,  the  keel  being  nearly  acute.  The  sides  at 
the  base  are  5  cent.  wide.  The  rays  appear  larger  than  in  S.  Campbellii; 
the  nervation  is  not  more  distinct.  No  specimen  of  the  lower  part  of  a 
leaf  could  be  obtained. 

Palmaoites,  species. 

Part  of  a  trunk  of  palm ;  an  impression  15  cent,  broad,  slightly  con- 
cave, marked  in  the  length  by  deep,  nearly  regular,  and  equal  stria), 
separated  by  sharp,  acute,  narrow  ridges,  1  mill,  distant.  This  is  not 
leferable  to  any  fossil  species  published.  Specific  determination,  how- 
ever, is  not  possible. 

POPULTJS  ATTBNX7ATA,  Al  Br. 

Of  the  same  character  as  the  leaf  in  Fl.  Pert.  Helv.,  PI.  Ivii,  Fig. 
12.  ?  >    ^ 

Qtjebcus  triakgularis,  G5pp.,  (Schotznitz,  FL,  p.  15,  PL  vi.  Fig. 

13-17.) 

Leaves  ovate,  attenuated  to  a  short  petiole,  more  abruptly  narrowed 
to  an  obtuse  point,  borders  undulate  above,  entire  from  the  middle 
downward,  nervate  or  pinnate. 

The  stone  where  the  leaves  are  preserved  is  coarse  grained,  the  borders 
near  the  point  are  somewhat  indistinct.  The  lowest  pair  of  secondary 
veinsascends  in  an  acute  angle  from  the  base  of  the  leaf,  the  others,  nearly 
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opposite  and  parallel,  pass  in  a  more  open  mgle  to  the  borders,  where 
they  slightly  and  abruptly  curve.  The  lowest  pair,  only  branches  oatside. 
But  for  the  indistinct  borders  near  the  point,  this  form  is  well  identi- 
fied with  Gdppert's  species. 

Leaves  small,  broadly  ovate,  obtaeely  pointed,  rounded  to  the  base, 
and  abruptly  recurved  to  the  petiole,  entire ;  nervation  pinnate,  aee- 
ondarA*  veins  thick,  parallel,  camptodrome. 

The  leaf  is  4  cent,  long,  22  mill,  broad,  the  secondary  veins  equidis- 
tant, diverging  40^  from  the  medial  nerve,  curving  slightly  to  near  the 
borders,  where  they  divide  in  two  equally  thick  branches,  anastomosing 
up  and  down  with  divisions  of  the  other  veins.  The  nervation  is  the 
same  as  in  Quercus  DesloeHty  Heer,  (Fl.  Tert.  Helv.,  p.  56,  PL  Izxviii, 
Fig.  7,)  except,  however,  that  the  veins  are  less  distant,  not  undulate, 
and  without  intermediate,  shorter  veinlets;  the  veins  are  diatinct, 
shining,  yellow. 

QUEBCUS  ANGUSTILOBA,  Al  Br. 

We  have  two  fine  specimens  of  this  rare  Booene  species.  Though  not 
quite  entire,  they  are  positively  identified.  One  is  a  large  leaf  aa  the 
one  described  and  figured  by  Ludwig  in  Paleont.,  vol.  viii,  p.  103,  PL 
xxxvi.  Fig.  3.  The  lobes  of  the  leaves  are  long,  diverging,  linear 
lanceolate,  obtusely  pointed.  Heer  has  published  it  from  the  ligniticof 
Bomstaedt. 

Faous  feboki^,  Ung.  Ghlor.,  p.  106,  PL  xxviii,  Fig.  3-4. 

Leaves  ovate,  pointed,  irregularly  dentate  above  the  middle,  rounded 
or  attenuated  to  a  slender  petiole,  nervation  simple  craspedodrome. 

One  of  the  leaves  is  somewhat  large,  the  lower  part  is  destroyed.  It 
appears  rounded  to  the  petiole.  The  other  is  a  smaller  leaf,  lanceolate- 
pointed,  with  the  veins  on  a  more  acute  angle  of  divergence.  Both 
forms  are  represented  in  the  Bil.  fiora  of  Ettinghausen,  PL  xv.  the 
first  leaf  like  Fig.  20,  the  second  like  Fig.  10*  T^  lower  veins  oi  the 
small  leaf  have  strong  fibrillflB  downward,  like  thin  secondary  veins. 

ULmxs  (t)  iBBBeuLABis,  ^.  nov. 

Leaf  large,  coriaceous,  oval-oblong,  narrowed  or  wedge-form  to  the 
petiole,  nervation  pinnate,  secondary  veins  close  and  deeply  marked. 

The  borders  upward  and  the  point  are  destroyed  in  all  the  specimens. 
The  secondary  veins  are  close,  10  pairs  in  part  of  a  leaf  8  cent,  long, 
(angle  of  divergence  40^)  straight  from  the  medial  nerve,  except  near 
the  base,  where  they  curve  slightly  downward  in  joining  it,  generally 
simple,  some  anormally  forking  from  near  the  base }  fibrillose.  Tliough 
the  nervation  and  facies  are  those  of  VlmuSy  the  leaves  are  doubtfully 
referable  to  this  genus  on  account  of  the  unknown  disposition  of  the 
veins  along  the  borders. 

FiGUS  ASABiFOLiA,  Ett.,  Bil.  Fl.,  p.  30,  PL  XXV,  Fig.  2-3. 

The  leaf  representing  this  species  is  larger  than  those  described  by 
the  author ;  it  is,  however,  positively  relerable  to  it  by  its  form,  its 
crenulate  border,  and  its  nervation. 
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FlCTJS  9PEOTABrLI8, 9p.  nov. 

Leaves  large^  coriaceous,  entire,  broadly  ovate-lanceolate,  contracted 
to  a  short  point,  round  truncate  to  the  petiole,  pinnately  nerved,  the 
lowest  pair  of  secondary  veins  opposite  from  the  base,  branching  out- 
side, the  upper  ones  mostly  simple,  parallel,  irregular  in  distance, 
oblique,  camptodrome. 

The  leaf,  an  entire  one,  is  15  cent,  long,  8  cent  broad  in  its  widest 
diameter  below  the  middle,  equilateral.  The  first  pair  of  secondary 
veins  is  basilar  and  branched;  the  others,  though  parallel,  are  at  irregu- 
lar difltonces,  all  curving  along  the  borders  and  anastomosing  with  ter- 
tiary veins  or  flbrillsB.  Allied  to  Ftem  Sehimperij  Lsqx.,  of  the  Mississippi 
Eocene,  it  differs  by  its  coriaceous  substance,  by  the  basilar  veins  going 
out  f^om  the  top  of  the  petiole,  by  the  somewhat  abruptly-contracted 
(not  tapering)  point,  &c  With  an  entire  leaf,  the  collecticm  has  a 
Bumbtf  of  finagm^te  of  this  fine  species. 

FlOUS  AUBIGUIiATA,  9p.  noV. 

Leaves  membranaceous,  entire,  smooth,  ovate-lanceolate,  taper- 
pcMBted,  rounded  to  the  base  into  two  auricles  joined  at  the  borders 
below  IJie  top  of  the  petiole,  pinnately  nerved;  the  lower  pairs  of  sec- 
ondary veins  opposite  i&om  the  base  of  the  leaf,  the  upper  ones  parallel, 
alternate,  camptodrome. 

The  leaf  described  is  perfect  and  its  nervation  distinct.  Three  pairs 
of  veinlets  curve  downward  from  the  top  of  the  petiole,  passing  in 
curves  to  the  borders  of  the  auricles.  All  the  secondary  veins  are  more 
.or  less  branching  downwards,  curving  along  and  following  the  borders 
in  anastomosing  with-  divisions  of  the  superior  ones.  Fibrtllse  distinct, 
nearly  continuous ;  the  leaf,  10  cent,  long,  has,  besides  the  basilar  vein 
lets,  ten  pairs  of  secondary  veins.    It  is  somewhat  unequilateial. 

Platantjs  Eaynoldsh,  Newb. 

Is  represented  by  splendid  specimens,  but  none  as  entire  as  the  one 
described  by  the  author.  Extinct  Fl.  of  K  Am.,  p.  69. 

Platantts  Haydbnh,  Kewb. 

Most  common  at  Golden.  The  leaves  are  still  larger  than  marked  by 
the  author,  some  of  them  preserved  entire. 

Bbnzoih'  ANTIQUI7H  (1),  Hocr,  Fl.  Ter.  Helv.,  II,  p.  81,  PL  zc,  Figs.  1-8. 

Leaf  oval,  obtuse,  entire,  narrowed  to  a  broad  petiole,  pinnately 
nerved,  lowest  pair  of  secondary  veins  opposite,  joining  the  medial  nerve 
at  a  distance  above  the  base;  the  others  alternate,  all  thin  and  at  an 
acute  angle  of  divergence. 

A  single  leaf,  doubtfully  referred  to  this  species  on  account  of  obsolete 
details  of  nervation.  The  suri'aceof  the  leaves  is  punctate  as  in  Benzoin 
atienuaium,  Heer,  (fee.  city  Fig.  10 ;)  but  the  form  of  the  leaf  and  the 
secondary  veins  are  like  Fig.  6,  of  B.  antiquum. 

GiKNAMOMXTM  BossMASSLKBi,  Heer,  Fl.  Tert  Helv.,  U,  p.  84,  PI.,  xcii. 

Figs.  15-16. 

The  leaves  representing  this  species  have  the  form  and  size  of  those 
he.  city  Fig.  2,  with  numerous  straight,  strong  nerviUes,  perpendicu- 
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lar  to  the  medial  vein,  and  passing  from  it  to  the  lateral  ones,  as  in 
Fig.  10. 

Cnn^AHOMUM  M1SSI6SIPIENSE,  Lsqx.9  Supt,  p.  14. 

Fine  specimens  of  this  species,  of  frequent  occurrence  in  the  Ameri- 
can Eocene,  were  obtained  at  Golden. 

CiSSUS  LJEBTIGATUS,  «p.  flOt. 

Leaves  subcoriaceous,  polished,  round-oval,  abruptly  narrowed  or 
broadly  wedged  form  to  the  petiole,  three-nerved  from  the  base,  nerva- 
tion actinodrome  retiform  ^  borders  undulately  ci^nate. 

The  collection  has  many  specimens,  but  none  complete,  the  upper 
part  of  the  leaves  being  mostly  destroyed.  The  leaves  are  petio^ ; 
the  two  lateral  veins  diverge  at  an  acute  angle  and  branch  outside,  the 
branches  parallel,  running  to  and  entering  the  borders  in  dividing. 

DOMBETOPSIS  TBFVIALIS,  <p.  nOV. 

The  lower  part  of  a  leaf,  round-cordate  at  base,  entire  snbcoiiaceons, 
three-nerved,  lateral  veins  strong,  curved  upwards,  branching  outside. 

This  leaf  resembles  the  one  in  Heer's  Fi.  Bait,  p.  74,  Pi.  xvii,  Fig.  11, 
named  Ficiis  DambeyopsiSj  which,  however,  has  two  pairs  of  latere 
veins  from  the  base,  while  ours  has  only  one.  As  in  Heer^s  leaf  the 
lower  part  is  destroyed,  while  the  point  is  erased  in  ours,  it  is  not  pos* 
sible  to  make  an  exact  comparison. 

DOMBEYOPSIS  OCCtDENTALIS,  q».  flOV. 

Leaves  coriaceous,  entire,  cordate-acuminate,  trinerved  from  the  base, 
superior  lateral  veins  at  equal  distance,  alternate  or  opposite,  campto- 
drome. 

A  number  of  specimens  of  these  fine  leaves  present  all  the  same  form 
and  characters ;  12  cent,  long,  10  cent,  broad,  below  the  middle  or  toward 
the  enlarged  cordate  base,  narowed  or  tapering  to  the  point.  The 
lower  lateral  veins  are  much  branched  out«ide,  8  to  10  branches,  curv- 
ing to  and  along  the  borders ;  the  upper  secondary  veins  are  either 
simple  or  sparingly  divided  by  under  branches,  all  the  divisions  curving 
to  and  along  the  borders  which  they  reach,  becoming  like  marginal; 
nervilles  strong,  in  a  right  angle  to  the  thick  medial  nerve;  the  borders 
appear  somewhat  reflexed.  The  nervation  is  that  of  Ihmbeyopsis  grandi- 
foliaj  Ung. 

Sapindus  catjdatus,  «p.  nov. 

Leaf  unequilateral,  entire,  broadly  lanceolate,  tapering  into  a  long 
acuminate  point,  narrowed  to  the  petiole  on  one  side,  rounded  to  it  on 
the  other. 

The  secondary  veins  are  alternate,  unequally  distant,  the  lowest  ones 
more  open,  curving  to  and  along  the  borders  and  anastomosing  with 
shorter  intermediate  ones.  The  nervation  is  of  the  same  type  as  in 
Sapindus  falcifolius,  Heer,  Fl.  Helv.,  PI.  cxix.  Fig.  16.  I  found  two 
leaves  of  this  species ;  the  largest  10  cent,  long,  4  cent  wide  in  the 
middle. 
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OEAKOTHUp  FtBRILLOSUS,  $p.  flOV, 

Leaves  sabcoriaceous,  ovoid,  obtuse,  roanded  to  the  base,  (petioled  f ) 
five-nerved  from  the  top  of  the  petiole ;  nerviUes  in  right  angle  to  the 
medi^  vein,  continuous. 

Species  related  to  Oeanothus  avoideus,  65pp.,  (Schossnitz)  Fl.,p.36,  PL 
zxii,  Fig.  13,  differing,  however,  by  the  thick  substance  of  the  leaves, 
their  larger  size,  and  all  the  lateral  veins  going  out  from  the  base. 
The  lowest  lateral  veins  are  much  branched,  and  not  aerodrome,  ascend* 
ing  only  to  above  the  middle  of  the  leaf. 

BhJlmnus  Oleburm,  gp.  nav. 

Leaves  thickish,  (not  coriaceous,)  narrowly  ovaMaceolate,  equally 
tapering  from  the  middle  upward  to  a  long  sharp  point  and  downward 
to  a  short  petiole;  pinnately  nerved,  secondary  veins  close,  slightly 
arched  in  passing  to  tfae  borders,  where  they  abruptly  curve  along  the 
margin. 

The  si>ecies  is  known  by  a  number  of  finely-preserved  specimens,  with 
all  the  same  characters.  The  leaves  are  variable  in  size,  the  largest  9 
cent,  long;  the  secondary  veins  always  close  to  each  other,  parallel, 
simple,  scarcely  6  miU.  distant,  abruptly  curving  quite  near  the  borders, 
which  they  follow ;  fobrilles  numerous,  strong,  subcontinuous  in  right 
angle  to  the  medial  nerve.  The  nervation  and  form  of  these  leaves, 
like  that  of  the  following  species,  as  also  of  Bhamnus  obovatus^  Lsqx.,  is 
mach  like  that  of  some  species  of  the  genus  Bridelia  of  the  JEuphor- 
Jnacem.  When  better  known  by  their  fructiflcations  they  shall  probably 
form  a  separate  group. 

Bhamnxjs  Oolbiaitus,  sp.  nov. 

Leaves  thickish,  subcoriaceous,  smooth,  entire,  broadly  oblong- 
ovate,  abruptly  narrowed  to  a  short  blunt  acumen,  rounded  at  base  to  a 
short  petiole. 

These  leaves,  of  which  I  obtained  numerous  fine  specimens,  vary  in 
size  from  7  to  15  cent  long,  proportionally  broad,  have  about  the  same 
nervation  as  the  former  species,  the  secondary  veins  being  only  slightly 
more  distant,  less  oblique,  (angle  of  divergence  40  to  45^,)  and  nearly 
straight  to  near  the  borders,  where  they  more  gradually  curve.  The 
lowest  pair  generally  branch  more  or  less  downward,  in  anastomosing 
with  their  short  marginal  veins;  even  the  superior  veins  have  sometimes 
one  or  two  divisions.  The  species  still  differs  from  the  former  by  its 
more  coriaceous  substance,  its  rounded  base,  and  the  obtusely  acumi- 
nate point. 

Bhamnus  Qoldianxts,  var.  latior,  Lsqx. 

The  leaves  considered  as  variety  may  represent  a  different  species. 
They  are  much  larger,  of  a  thicker  substance,  more  rounded  at  the  base, 
and  passing  to  the  petiole  by  a  short  decurrent  curve.  They  much  re- 
semble the  leaves  referred  to  UMns  (!)  irregularis,  being  intermediate 
between  this  and  the  above  species. 

fiHAMKUS  OBOYATUS,  Lsqz. 

Already  mentioned  from  the  Eaton  Mountains,  is  a  truly  different 
species  firom  Bhamntis  Clehumiy  to  which  it  resembles  by  the  nerva* 
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tion.    Besides  differing  by  the  form  of  the  leaf,  the  secondary  veins  are 
thicker  and  flat,  and  the  nervilles  scarcely  distinct. 

Bhahnus  AOUHiNATiFOLnrs  (!),  Heer,  FL  Tert.  Hely.,  Ill,  p.  81,  PL 

cxxvi,  Fig.  3. 

A  fragment  only,  with  the  point  and  the  base  of  the  leaf  destroyed. 
The  form  of  the  leaf  and  its  nervation  agree  with  tlie  author's  figure  and 
description.    It  differs  mach  from  the  other  species  described  above. 

Bhamntjs  begtinervis,  Heer,  Sept.,  (1871,)  p.  295. 

It  is  not  frequent  at  Golden.  We  have  only  a  few  specimens  from  tbe 
white  sandstone. 

JuGLANB  BHAMN01BEB,  Lsqx.,  Bept  (1871,)  p.  294. 

Sparingly  represented  at  Oolden. 

JuoLANS  BtJGOSA,  Lsqx.,  Snpt,  p.  10. 

Foond  in  more  nnmerons  and  better  preserved  specimens  than  the 
former. 

JuGLANS  (Ficus  f )  Smithsoniana,  Lsqx.,  Snpt,  p.  16. 

The  leaf  referable  to  this  species  merely  differs  from  the  one  pnlv 
lisbed  from  the  Raton,  by  the  less  tapering  base,  which  is  more  abruptly 
attenuated  to  a  broad  petiole,  a  difference  scarcely  noticeable. 

JuaLANS  ScHiMPBBi,  Lsqx.,  Snpt.,  p.  8. 

The  specimens  of  Golden  have  the  same  characters  as  described.  The 
peculiar  form  of  tbe  leaves  identifies  them  easily. 

Caepolithes  palmarum,  Lsqx.,  Snpt,  p.  13. 

A  number  of  fruits  of  the  same  size  and  form  as  those  from  the  Baton 
Mountains.  They  are  not  stiiated,  however,  and  rather  coarsely 
wrinkled.    They  may  represent  a  different  species. 

Beside  the  leaves  described  from  Golden's  specimens,  I  found  still 
there  a  stipule  of  Platanus,  a  leaflet,  square  in  outline,  2^  cent,  wide, 
acutely  shortlobed  at  the  two  upper  corners,  truncate  at  base,  without 
visible  nervation.    It  is  apparently  referable  to  Platanus  HaydeniL 

A  number  of  fragments  of  uncertain  affinity,  or  whose  character 
could  not  be  recognized  j  among  them,  leaves  doubtfully  referable  to 
Alnus  Kefersteinii,  Gopp,  others  to  Kkamnus  Deehetiiij  Web.,  and  still 
others  to  Cinnamonium  Mmmipien%e^  Lx.,  have  been  obtained  from  the 
same  locality  by  Prof.  B.  F.  Meek. 

MarshalFs  Estate^  Boulder  Valley. 

Specimens  of  fossil  plants  are  here  found,  either  in  day-beds,  where 
the  fragments  are  heaped  and  mixed  together  in  a  mass  of  unrecognus- 
able  forms,  or  in  a  coarse  sandstone,  where  the  details  of  nervation  are 
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gememUy  obliterated.  I  ooaldf  moreover,  dispose  of  bat  a  short  time 
for  researches  iu  a  locality  which  had  been  sufficiently  explored  by  Dr. 
Hajden  and  other  geologists.  The  few  specimens  got  there  represent 
the  following  species : 

PHBAaMITES  Oeningensis,  A1.  Br. 

In  nnmeioaa  spedmens. 

Flabellaria  zingkeni,  Heer. 

The  same  form  and  characters  as  the  specimens  of  Golden  referred 
to  this  species. 

QUERCVS  CHLOROPHYLLA,  Ung. 

A  number  of  specimens  of  the  same  species  which  I  considered  as 
identical  with  this  Quercus^  in  my  examination  of  the  fossil  plants  of 
Dr.  Lecontef  in  Am.  Jour.  Sci.  and  Arts,  (1862,)  p.  206,  and  was  de- 
scribed and  ligared  under  this  name  in  Proc  Am.  Phil.  Soc.,  vol.  xiii,  p. 
413,  PI.  xvii,  Fig.  5  to  7.  These  leaves  are  of  a  coriaceous  snbstance 
and  have  scarcely  any  trace  of  secondary  veins  marked  on  the  suriace ; 
their  relation  is  undefined.  The  Marshall's  leaves  are.  slighUy  more 
rounded  to  the  i)etiole  tham  those  of  Mississippi. 

GiNNAMOMXTM  apfhtb  (f ),  Lsqx.,  Am.  Jour.  Sci.  and  Arts,  (1868,)  p.  206. 

The  spepimens  are  not  distinct  enough  to  ascertain  if  they  represent 
this  species  or  Cinnamomum  Mississipiensey  Lsqx. 

The  main  coal  of  Marshall's  is  mixed  near  the  bottom  with  large  fossil- 
carbonized  trunks,  which,  by  cleavage,  appear  as  cut  by  the  ax.  The 
same  are  found,  too,  in  the  same  circumstances  at  the  Canon  City  coal- 
bed. 

.  Erie  Mines^  Boulder  Valley* 

The  soft,  sandy  shale  overlying  the  lignite-bed  is  full  of  finely  pre- 
served vegetable  remains.  But  this  shale  is  left  in  the  mines  for  roof, 
or  when  taken  out  it  is  soon  crumbling  into  small  fragments  under 
atmospheric  influence.  By  the  kindness  of  the  superintendent,  Mr.  Hill, 
I  got  from  the  mines  a  few  pieces  of  shale,  which,  as  seen  from  the  fol- 
lowing descriptions,  indicate  the  ridbness  of  the  flora  of  that  locality. 
Farther  explorations  should  be  pursued  in  the  mines,  or  in  the  openiog 
of  a  new  tunnel,  with  sufficient  authority  to  obtain  fresh  slabs  from  the 
loof  shales. 

Sabal  OoMpbeUii  (t)^  Newb. 

A  number  of  fragments  of  rays  of  a  Sabal,  probably  referable  to  this 
species.  The  shale  being  soft*grained  and  the  specimens  distinct,  the 
stri®  of  the  rays  are  distinguishable  and  may  be  counted.  Tbey  are 
tery  thin  and  dose,  like  mere  woody  fibres,  30  in  a  width  of  3^  mill. 
The  rays  between  the  plicatures  are  16  mill,  wide,  and  have,  therefore, 
about  150  of  these  lines.    They  are  all  of  the  same  thickness. 
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Gaitlinites  FEOtna>A,  «p.  nov. 

Branches  of  racemes,  2  mill,  wide,  smooth,  with  inflated  borders, 
divided  in  opposite  erect  branchlets,  half  as  thick,  bearing  on  each  side, 
and  on  short  pedicels,  simple  round  capsules,  with  a  central  nucleus. 

The  capsules  are  mostly  opposite,  rarely  alternate,  and  close  to  each 
other  along  the  branchlets.  One  of  these,  2  cent,  long,  bears  twelve  of 
these  capsules  on  each  side.  They  are  1^  mill,  wide;  the  black  nucleus, 
slightly  smaller,  is  represented  by  a  vesicle  of  coaly  matter  easily  sepa- 
rated from  its  envelope,  slightly  narrowed,  however,  toward  the  top  of 
the  small  pedicel,  which  is  slightly  inclined  from  the  main  rachis. 
These  racemes  may  represent  the  female  infloresceme  of  some  dioecious 
species.  Their  relation  to  species  of  our  time  is  as  yet  unknown.  The 
same  specimen  which  bears  this  species  has,  too,  some  nutlets  of  larger 
size,  oval,  truncate  at  base,  wrinkled  in  the  length,  apparently  iu 
racemes  or  agglomerations,  resembling  those  which  have  been  published 
by  Ludwig  in  Pal.,  vol.  viii,  PI.  xliii.  Fig.  13,  under  the  name  of 
Sgppaphae  striata. 

Oattlinites  sparganioides,  sp.  nov. 

Described  with  better  specimens  from  Black  Butte. 

Ficus  plaotcostata,  sp.  nav. 

Var.  latifolia. 

Described,  like  the  former,  with  specimens  of  Black  Butte. 

Paliurus  zizyphoides,  sp.  nor. 

Described  from  Black  Butte's  specimens.  The  leaf  from  Erie  is  only 
smaller. 

JUGLAKS  SCHIMPERI,  Lsqx.,  Supt.,  p.  8. 

The  leaf  is  of  larger  size  than  that  from  Green  River  Station,  but  has 
the  same  characters.  The  same  specimen  bears  on  the  reverse  a  fine 
oval  flattened  nut,  with  an  irregularly  wrinkled  surface  like  the  nut  of 
a  Juglans.  It  is  26  mill,  long,  18  mill,  broad,  slightly  pointed  on  one 
side,  and  abruptly  contracted  at  the  other  to  an  obtuse  protuberance. 
The  only  fruit  comparable  to  this  is  that  of  Juglans  venosa,  Gropp,  as 
figured  by  O.  Weber  iu  Pal.,  vol.  viii,  PI.  vi,  Fig.  11.  The  specimens 
from  this  locality  are  as  yet  too  scanty  to  allow  a  conclusion  of  identity 
between  this  fruit  and  the  leaves  described  qa  Juglans  SchimperL 

Gercis  Eogeniga,  sp.  nov. 

Leaf  nearly  round,  entire,  of  a  thin  texture,  smooth  surface,  deeply 
cordate  at  base,  nervation  of  Cercis  Ca^iadensis. 

The  leaf  has  its  point  destroyed ;  it  is  apparently  obtuse  or  round. 
Except  that  it  is  more  deeply  cordate  than  the  average  leaves  of  our 
.(Jereis  Canadensis^  tiiere  is  no  difference  whatever  between  the  fossil 
leaves  and  those  of  the  living  species. 
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Qarbon^Statian^  Wyoming  Territory. 

Tbe  specimens  obtaiDed  at  Carbon  are  from  the  same  limited  area, 
bat  from  two  different  levels.  In  order  to  mark  difference  of  vegetation 
according  to  horizontal  station,  these  specimens  are  described  separately. 

1st.  From  below  the  main  coal,*  in  a  soft-grained,  very  hard  shale, 
irregularly  breaking  by  cleavage,  but  where  the  vegetable  remains  are 
distinctly  prescx^ved,  some  of  them  are  of  large  size. 

Equiseti'tm  ITaydenii,  Lsqx.,  Kept.  1871,  p.  284. 

The  si^ecimens  represent  some  rootlets  and  tubercles  of  this  species. 
One  of  the  tubercles  split  lengthwise  in  the  middle  exposes  a  central 
solid  axis  1^  mill,  thick,  while  the  parietes  or  intervals  from  the  axis  to 
the  borders,  4  mill,  each  side,  appear  formed  of  a  spongy  though  com- 
pact cellular  tissue,  becoming  more  compact  and  darker-colored  near 
the  borders.  A  cross-section  of  another  tubercle  shows  it  to  be  oval  or 
somewhat  flattened  by  compression,  12  mill,  in  one  direction  and  only  9 
mill,  in  the  other.  Another  specimen  has  a  linear  rootlet  or  stem 
whose  main  axis  is  4  mill,  wide,  apparently  central,  and  surrounded  by 
cellular  tissue  of  equal  thickness.  It  is  marked  by  distant  nodi  with 
round  scars  of  the  same  form  as  those  of  Equtftetum  Haydenil^  and  is 
referable  to  this  species. 

Smilax  grandifolia,  ling.,  Chi.  PL  XL,  Fig.  3. 

The  leaf  which  I  refer  to  this  species  is  of  the  same  size  as  the  one 
figured  by  Ungier  in  the  Sillog.,  PI.  II,  Fig.  8 ;  but  it  has  only  7  basilar 
veins,  while  Unger's  leaf  has  9.  The  same  form  as  ours  is  published  by 
Heer  in  Fl.  Tert.  Helv.,  PI.  XXX,  Fig.  8  and  86.    A  variable  species. 

AcoRUS  BRACHYSTACHYS,  Heer. 

Exactly  the  same  form  as  described  in  Kept.  1871,  p.  288,  from  Cres- 
ton.  It  is  represented  by  three  specimens  which  merely  differ  from  the 
Spitzberg  ones  by  shorter  and  broader  spadices,  5  mill,  broad,  7  mill, 
long,  with  only  four  rows  of  flowers  or  ovaries ;  the  stem,  too,  is  nar- 
rower, scarcely  5  mill,  broad. 

Caulinites  spabganioidbs,  «p.  TiOr. 
Described  with  better  specimens  from  Black  Butte. 

POPULTJS  ARCTICA,  Heer,  Arct.  FL,  p.  100,  &c. 

This  species  is  represented  at  Carbon  in  most  of  its  numerous  varie- 
ties, with  nearly  round  and  entire  leaves,  or  with  undulate  or  more  or 
less  crenate  borders,  &c.  They  positively  prove  that  the  leaves  named 
Pcfulm  snbrotundaj  Lsqx.,  in  Am.  Jour.  Sci.  and  Arts,  1868,  p.  205,  as 
also  those  described  as  P.  NebrascensiSj  Kewb.,  in  Notes  on  extinct 
floras,  p.  62,  belong  to  this  sx)ecies. 

POPULUS  DECIPIENS,  8p.  nov. 

Leaves  broadly  rhomboidal  or  round,  enlarged  in  the  middle,  abruptly 
narrowed  into  a  very  obtuse  point,  rounded  or  broadly  wedge  form  to 

*  See  section  of  Carbon  in  first  part  of  this  report. 

25  a  s 
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along  slender  petiole,  with  very  entire  borders;  three  to  fivenerred 
firom  the  top  of  the  petiole. 

A  very  fine  species,  with  leaves  scarcely  variable  in  size,  3  cent,  long 
and  at  least  as  broad.  The  three  primary  veins  ascend  from  the  top  of 
the  petiole  to  three-fourths  of  the  leaves,  branching  outside  and  anas- 
tomosing with  branches  of  a  second  or  marginal  pair  of  veins  which 
ascend  only  to  half  the  leaf.  The  texture  of  these  leaves  is  somewhat 
thick,  snbcoriaceous.  They  are  generally  found  on  the  same  specimens 
with  Paliurus  Oolumbiy  Heer,  which  they  resemble.  The  slender  petiole 
is  nearly  as  long  as  the  leaves.  This  species  is  distantly  related  to  some 
small  varieties  of  Populxis  arctica^  Heer. 

POPULUS  ATTENUATA,  AL  Br. 

The  same  form  as  already  published,  Am.  Jour.  Sci.  and  Arts,  (1868,) 
p.  205.    It  is  found  at  Carbon  both  above  and  below  the  main  coal. 

POPULUB  MUTABILIS,  Vax.  GBENATA,  Hccr. 

Our  specimen  represents  an  entire  leaf  agreeing  in  form  and  nervation 
with  Goppert's,  Fig.  2  of  PI.  XYI,  in  Schossnitz  Flora.  In  the  Carbon 
leaf,  however,  the  teeth  of  the  borders  are  large,  sharply  pointed  out- 
ward, or  less  turned  upward.    This  difference  is  not  specific. 

Alnus  Kefersteinh,  Gopp. 

The  same  form  as  described  in  Kept.  1871,  p.  292,  from  Evanston* 
The  borders  of  the  leaf,  however,  appear  merely  undulate  as  in  Lnd- 
wig's  Pal.,  Vol.  VIII,  PI.  XXXII,  Fi 

Betula  Stbvensoni,  Lsqx.  Kept,  (1871,)  p.  293. 

Already  published  like  the  former  from  Evanston,  where  the  species 
is  abundant.  It  is  not  as  common  at  Carbon,  but  represented  in  very 
good  specimens. 

QuEBCUS  PLATANLA.,  Heer,  Arct.  Fl.,  p.  109. 

Leaf  membranaceous,  broadly  ovate,  rounded  to  the  base  in  broad 
auricles,  with  distantly  dentate  borders ;  pinnately  nerved ;  secondary 
veins  numerous,  craspedodrome. 

There  is  in  the  collection  a  beautiful  leaf  of  this  species  which  some- 
what  differs  from  the  description  of  the  author,  as  it  is  made  in 
the  1st  vol.  of  the  Arct.  Fl.,  but  exactly  agree  with  the  fine  leaf  of  this 
species  figured  in  Vol.  11,  PI.  XLVL  Fig.  6,  of  the  same  work.  This  one 
is  nearly  an  exact  representation  or  ours,  and,  too,  has  the  point  de- 
stroyed. It  is  13  cent,  wide  above  its  base,  the  borders  marked  by  short 
somewhat  distant  teeth;  the  lower  lateral  veins  opposite,  diverging  3(K> 
fh)m  the  medial  one,  the  other  pairs  at  a  short  distance  firom  each  other^ 
alternate,  parallel,  with  a  thin  lateral  basilar  vtinlet  going  out  at  right 
angle  from  the  medial  nerve,  just  under  the  lowest  pair  of  secondaiy 
veins.  These  are  much  branched  outside;  the  upper  ones  branch  once 
or  twice  near  the  borders.  This  leaf  has  the  characters  of  a  FUgfanmr 
and  I  was  inclined  to  consider  it  as  different  from  Beer's  species  on 
account  of  the  difference  in  the  denticulation.  Bat  in  his  description 
of  a  specimen  firom  Spitzberg,  the  author  remarks,  p.  57,  that  the  diffi^- 
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enoe  m  the  form  of  the  teeth  cannot  be  considered  as  specific.  The 
antfaority  is  not  refatable,  being  the  result  of  the  examination  of  a 
nomber  of  specimens  of  different  localities. 

FiGUS  OBLANCfiOLATA,  sp.  noV. 

Leaves  snbcoriaceons,  obovate  or  oblonceolate^  entire,  taper  pointed, 
gradnally  narrowed  to  a  short  petiole^  pinnately,  closely  nerved. 

The  form  of  the  leaves  is  about  like  that  of  Mens  lanoeolatay  in  Heer, 
(Fl.  Tert.  Helv.,  Vol.  II,  p.  62,)  broader,  however,  toward  the  point,  with 
more  nnmerons  secondary  veins.  There  are  14  pairs  of  these  veins  in 
toaves  7^  cent,  long,  the  lowest  pair  at  an  acute  angle  from  the  medial 
one  and  following  the  borders;  the  superior  ones,  at  a  broader  angle  of 
50^1  straight  to  near  the  borders,  which  they  follow  in  anastomosing  in 
successive  bows.  The  relative  position  of  the  secondary  veins  is  more 
regular  than  in  Beer's  species. 

COOCOLOBA  LAEVIGATA,  «p.  nOV. 

Leaves  round,  (obtuse t)  subooriaeeous ;  borders  entire,  undulate; 
sorfece,  smooth ;  nervation,  brochidodrome. 

Only  two  fragments,  both  representing  the  lower  part  of  the  leaves. 
The  form  of  Uie  point  is  merely  indicated;  the  undidate  borders, 
roanded  downward,  join  the  petiole  by  a  short,  slightly  decnrrent  curve. 
The  lowest  secondary  veins  are  thinner  than  the  upper  ones,  the  medial 
nerve  broad  and  flat;  the  details  of  nervation  are  like  that  of  Ooceoloba 
Ftoridana,  Mich.  These  leaves  are  related  in  form  and  nervation  to 
Fieiu  peimifiartpui,  Ung.,  as  figured  by  Ett.,  Fl.  Badoboj.,  PI.  11,  Fig.  2. 

Platanus  Ouilleuils,  Gcipp.,  in  Kept.  1871,  p.  290. 

The  most  common  species  at  Carbon,  where  its  numerous  varieties 
may  be  studied.  One  of  the  more  marked  ones  is  represented  by  small 
broadly  ovate  leaves,  truncate  at  base,  scarcely  lobed;  borders  ;narked 
with  large  acute  teeth ;  basilar  lateral  veins  from  quite  near  the  top  of 
the  petiole. 

CiNNAMOMXTM  AFFOE,  Lsqx. 

Menti<»ed  above  from  MarsbalPs.  The  upper  part  of  a  large  leaf 
with  the  base  destroyed,  8  cent,  long,  5  cent,  broad,  ovate,  tapering 
into  an  obtuse  point,  the  two  lateral  veins  of  the  same  thickness  as  the 
medial  one,  ascending,  in  curving,  to  near  the  point  of  the  leaves,.where 
they  connect  with  the  medial  nerve  without  distinct  anastomosing.  The 
form  18  that  of  0.  Buohiy  Heer,  except  that  the  broadest  part  is  below 
the  middle,  not  above  as  in  the  European  species. 

OnmAMOMUM  MiSSISSIPPIKNSB,  Lsqx. 

Mentioned  already  from  Golden.  A  number  of  well-preserved  speci- 
mens. 

ASDONA  EOGENIGA,  sp.  MV. 

Leaves  lanceolate,  entire,  thickish,  equally  tapering  upward  to  a 
point  and  downward  to  a  short  petiole,  i>enninerve,  camptodrome. 
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A  large  number  of  these  leaves,  varying  in  length  £rom  10  to  15  cent, 
2}  to  4  cent,  ^ide,  with  a  petiole  aboat  2^  cent,  long ;  medial  nerve 
thick,  secondary  veins  numerous,  distinct,  parallel,  diverging  about  &P 
to  a  distance  from  the  borders,  where  they  curve  irregularly,  anasto- 
mosing many  times  with  the  superior  veins  and  undulating  along  the 
borders ;  fibrillse  thin,  but  distinct ;  some  of  them  intermediate  to 
secondary  veins,  being  thicker  and  ascending  as  Tertiary  veinlets  to  half 
the  leaf,  anastomosing,  with  branches  of  the  true  secondary  veins.  This 
species  closely  resembles  Asimiria  triloba^  Dun,  by  the  form  and  size  of 
the  leaves,  and  A.  parvifloray  Dun,  by  the  nervation.  A  fruit  of  this 
genus,  A.  leiocarpa^  Lsqx.,  has  been  published  from  the  Mississippi 
Eocene. 

A.OER  TEiLOBATUM,  VAR.  PRODUCTUM,  Al.  Br.  in  Heer,  Fl.  Tert.  Helv., 

YoL  III,  p.  47,  PL  cxv,  Figs.  6  to  12. 

Among  other  fragments  representing  this  species,  there  is  a  large 
leaf  preserved  entire  15  cent,  long,  narrowed  at  base  to  a  long  petiole, 
enlarging  in  the  middle  into  two  long,  sharply  taper-pointed,  nearly 
entire  lobes,  with  obtuse  sinusses  and  a  middle,  elongated  lobe,  marked 
by  large  distant  teeth,  a  form  resembling  that  iu  Heers'  loc  eit, 
Figs.  8, 11, 12.  The  narrow  base  and  taper-pointed  lobes  are  as  in  Fig. 
8,  and  the  medial  lobe  with  its  base  enlarged  to  the  obtuse  sinusses  as 
in  Figs.  11  and  12.  Our  leaf  is  at  least  twice  as  large  as  the  European 
ones.  Some  pieces  of  shale  of  the  same  locality  have  fossil  fruits  of 
Acer  with  small  oval  nutlet  and  narrow  erect  wings,  not  larger  than 
those  represented  in  Heer,  loc.  cit,  PL  cxii,  Fig.  21,  which  the  author 
refers  to  Acer  grosse-dentatum.  Fig.  166,  however,  has  too,  in  its  upper 
part,  a  fruit  like  the  one  of  Fig.  21,  still  smaller,  referred  to  Acer  trUo- 
hatum.  In  ours,  the  support  of  the  wing  on  the  border  is  scarcely 
arched. 

Paliurus  Colombi,  Heer,  in  Rept.  1871,  p.  288. 

A  large  number  of  leaves  all  of  the  same  character  as  those  described 
from  the  Washakie  groux>. 

ZiZYPHus  Meeiqi,  sp.  not. 

Leaves  ovoid,  obtusely  acuminate  or  obtusely  pointed,  rounded  to  the 
petiole,  obtusely  crenate,  three-nerved  fix)m  the  base. 

Many  leaves  of  this  species  were  found  at  Carbon  by  Professor  B.  F. 
Meek  and  myself.  They  differ  little  in  their  characters,  being  only 
slightly  more  or  less  wide.  They  average  6  cent,  in  length,  from  2J  to 
3^  cent,  broad ;  the  borders  are  crenate  from  near  the  base  to  the  obtuse 
X)oint,  the  three  primary  veins  are  simple,  the  lateral  ones  ascending  to 
or  quite  near  the  point  of  the  leaves.  In  the  broader  leaves  there  is 
from  the  base  a  second  pair  of  lateral  veins,  which  follow  the  borders  to 
the  middle  of  the  leaf ;  the  substance  is  somewhat  thick,  sub-coriaceous, 
the  smface  being  generally  covered  by  a  thin  coating  of  carbonaceous 
matter  which  obliterates  the  fibrilte.  These  are  in  a  right  angle  with 
the  medial  nerve.  The  species  is  allied  to  Zizyphus  ovatt^^  Wcb.^  in 
Pal.,  VoL  VIII,  p.  89,  PL  vi,  Fig.  1,  at  least  for  its  nervation.  It  has 
also  some  analogy  with  2jizypku8  hyperboreus,  Heer,  from  which  it  differs 
by  shorter,  broader  leaves,  &c. 
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SilAHNUS  GoiJ)iAi7US^  var.  latiob,  Lsqx. 

Described  with  specimens  from  Golden. 

JuOLANS  DENTiCTJLATA,  Hecr,  in  Rcpt.  1871,  p.  298. 

A  large  form,  only  foand  in  fragments.    It  may  be  a  new  species. 

Oarhonj  above  coal.  -p    . 

Taxodium  dtjbitjm,  Stemb. 

The  same  small  form  as  the  one  published  by  Heer  in  Arct*  Flor.  I, 
p.  89,  Pi.  ii,  Fig,  24  to  27.  It  is  represented  by  a  number  of  small  but 
distinct  specimens. 

POPTJLUS  ATTENUATA,  Al.  Br. 

Found  also  below  the  coal  of  the  same  locality. 

QUEBCUS  ACBOBON,  Lsqx.,  Am.  Jour.  Sci.  and  Arts,  1868,  p.  205. 

A  good  specimen  of  this  fine  species.  The  ovate  pointed  leaf,  wedge- 
form  to  the  petiole,  has  the  borders  deeply  cut  into  large,  sharp  teeth, 
with  straight,  mostly  simple,  secondary  veins,  passing  in  an  acute  angle 
to  the  point  of  the  teeth.  In  this  new  specimen,  the  upper  secondary 
veins  are  slightly  curved  in  ascending  to  the  borders. 

CoRYLUS  McQuARRYi,  Heer,  in  Kept.  1871,  p.  292 


«j. 


Bepresented  by  fragments  and  in  various  forms.  I  have  not  seen,  as 
yet,  an  entire  leaf  of  this  species. 

Fagus  Deuoalionis,  XJng. 

The  same  form  represented  in  Arct.  FI.  I,  PI.  xlvi.  Fig.  4.  Speci- 
men found  by  Professor  B.  F.  Meek. 

Platanxts  aceroides,  Gropp. 

A  number  of  specimens,  all  imperfect,  referable  to  this  species  by  the 
larger  size,  the  thickness  of  the  leaves  and  the  coarseness  of  nervation. 

ZiZYPHUS  Meekh,  Lsqx. 

Described  above  from  specimens  of  the  lower  shale. 

ZiZYPHUS  hyperboreus  (I)  Hccr,  Fl.  Arct.  I,  p.  123. 

Leaf  large,  broadly  lanceolate,  largest  below  the  middle^  rounded- 
attenuated  to  the  short  petiole,  tapering  into  a  long  linear  pomt,  irregu- 
larly crenate ;  five-nerved  from  the  base. 

Tliis  leaf  is  10  cent,  long  with  its  short  or  broken  petiole,  5  cent. 
wide ;  the  first  lateral  veins  are  as  deep  and  thick  as  the  medial  one, 
nearly  aerodrome ;  the  marginal  ones,  thinner,  ascending  to  above  the 
middle;   the  Tertiary  veins,  or  fibrillar,  are  obliterated.     This  leaf 
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resembles  the  fijfure  of  this  species  as  ^ven  in  the  Groenl.  Flora,  PL  1, 
Fig.  20.  It  is,  however,  longer,  and  the  lateral  veins  are  stronger.  The 
borders,  mostly  erased,  appear  obtusely  crenate. 

JUGLAIiS  EUGOSA,  Lsqx. 

Broken  specimens  of  a  large  form  of  this  species. 

There  are  still  a  namber  of  small  fraits  or  seeds,  which  should  be 
named  from  Carbon  specimens.  As  their  relation  to  living  species  is  as 
yet  unknown,  it  is  impossible  to  describe  them  clearly  enough  to  gi^e  a 
good  idea  of  their  forms,  without  figures.  Among  them  is  that  CarpoKlAet 
oocculoidesj  Heer,  in  Bept.  1871,  p.  290,  which  I  have  found  also  at  Golden, 
Black  Butte  and  E vanston.  They  are  reserved  for  publication  in  a  inal 
report 

The  upper  shales,  where  the  leaves  and  most  of  the  fruits  were  found, 
near  the  Carbon  mines,  are,  though  hard,  easily  disagreggated  under 
atmospheric  influence.  They  are  formed  of  sandy  grayish  clay  and  con- 
tain small  Tertiary  species  of  mollusks  mixed  with  the  vegetable  re- 
mains. These  are  very  distinct,  their  surface  being  coated  by  a  pellide 
of  coaly  matter.  Could  there  be  some  fresh  shale  obtainable,  one  might 
have  at  Carbon  rich  and  valuable  specimens  for  the  study  of  the  botan- 
ical paleontology  of  the  Upper  Lignitic. 

BlacJc  Butte  Station. 

The  largest  part  of  the  is^^ecimens  from  this  locality  are  from  a  bed  of 
sandy  yellow,  somewhat  hard  shale  overlying  the  main  coal,  in  follow- 
ing the  bed  behind  the  hills,  back  of  the  opening  into  the  vein.  The 
shale  splits  horizontally,  and  the  leaves  may  be,  witii  some  care, 
obtained  in  a  good  state  of  preservation.  A  number  of  specimens 
described  separately  were  found  at  a  higher  level ;  at  one  place  in  con- 
nection with  Saurian  bones,  at  another  with  small  Tertiary  shells. 

BPHSBIA  MYBIOJB),  Sp.  TiOV. 

A  small  species  upon  leaves  of  Myrica  Tarreyij  Lsqx.,  forming  rings 
1  mill,  in  diameter,  with  round  black  hordes  and  very  small,  scarcely 
perceptible,  scattered  perithecia.  Eesembles  Xylamites  variusj  Heer, 
PL  Tert.  Helv.,  PI.  i.  Fig.  0. 

Opeobapha  antiqua,  «p.  nav. 

Kudeous  linear,  from  1  to  4  mill,  long,  larger  in  the  middle,  pointed 
at  both  ends,  either  single  or  united  in  two  or  three  in  ox)posite  direc- 
tions, sometimes  flexuous ;  perithecium  thick,  split  in  the  middle,  hard. 

The  specimen  shows  the  print  or  counterpart  of  this  species  molded 
into  clay,  where  the  nuclei  have  been  either  left  imbedded  or  have 
marked  their  forms  very  distinctly.  They  grew  upon  a  large  stem  of 
CauUnites  sparganioides,  Lsqx. 

Halimenites  major,  Lsqx. 

Described  above  from  the  Eaton  Mountains.  The  finest  spedmens 
of  this  species  are  seen  in  the  sandstone  below  the  coal  of  t^is  locality. 
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Sequoia  Langsdorfii,  Heer,  Fl.  Tert.  Helv.,  p.  54,  PI.  xxi,  Figs.  3 

and  4. 

By  the  obtasely-i>ointed  leaves,  their  decnrrent  base,  their  size,  &c., 
oar  speciuiens  are  evideatly  referable  to  this  species.  Fragments  of 
conifers,  thongh  very  abnudant  in  the  bottom  clay  of  the  lignite  beds, 
are  rarely  found  in  the  shale  overlying  them. 

Phragmites  Oeningensis,  A1.  Br. 

2(amerous  fragments  of  leaves. 

Flabellaria  eocenica,  sp.  nov. 

Petiole  long.  Hat,  smooth,  truncate  at  the  point  of  union  of  the  rays. 

The  petiole  is  brol^en  two  inches  below  its  top,  which  is  exactly  flat 
or  truncate;  the  rays,  about  30,  are  much  diverging  and  expanding, 
from  1  mill,  wide  at  the  point  of  union  with  the  petiole,  to  3  cent,  at  a 
short  distance  above  where  they  separate:  primary  veins  eight,  large, 
obtuse ;  space  between  them  irregular,  marked  by  12  very  thin  ODSolete 
secondary  striaB.  By  the  truncate  point  of  the  rachis  the  sx>ecies  is  like 
Fig.  4,  PL  i,  of  Flora  Haringa.,  Ett.,  which  the  author  considers  as  an 
intermediate  form  between  F.  Martiiy  Ung.,  and  F.  raphifoliaj  Stemb. 
Our  species,  however,  has  the  top  more  straightly  truncate,  with  a  flat 
smooUi  petiole. 

Sabal  Campbbllii,  (f)  Newb. 

Represented  by  fragments  of  leaves  or  rays  with  obsolete  nervation, 
and  iruits  referable  to  Carpolithes  palmarumj  Lsqx. 

SsmjiX  OBTt^SANGULA  (!)  Heer,  Fl.  Tert.  Helv.  II.,  p.  166,  PI.  cxlvii.. 

Fig.  25. 

Leaf  large,  coriaceous,  entire,  hastate-cordate,  sev^i-nerved  from  the 
base. 

The  leaf  is  too  imperfect  for  precise  determination ;  the  lower  part 
only  is  preserved.  The  lobes  are  still  longer  and  less  obtuse,  or  di^Uy 
more  acute  than  in  the  quoted  figures  of  this  spedes.  It  is  probaUy  a 
new  one.  The  division  of  the  veins  and  their  direction  in  the  aurioleB 
cannot  be  seen. 

Gaulinites  sparganioibes,  ^.  nov. 

Stem  12  mill,  broad,  flattened,  horizontally  wrinkled  or  warty,  with 
distantly  articulations,  and  comparatively  large  rootlets;  branches 
alternate,  distant,  bearing  sessile  small  ears,  or  groups  of  flowers. 

Fragments  of  these  stems  are  numerous.  The  branch-scars  are  deep, 
round,  marked  in  the  center  by  a  mamilla,  either  smooth,  or  with  rays 
diverging,  star-like.  Smaller  scars  of  the  same  form  mark  the  point  of 
attachment  of  ovate-cylindrical  bodies,  3  mill,  in  diameter,  club-shaped  or 
ovate-pointed,  marked  by  protuberances  like  a  receptacle  with  seeds. 
One  of  the  branches  bears  three  oval-pointed  buds  at  a  distance  of  1 
inch ;  one  of  them  is  open  and  appears  to  contain  small  seeds  compressed 
between  ovate,  striate^  thin  involucels.  A  specimen  with  fragments  of 
stems  and  branches  of  this  species  is  covered  with  small  seeds,  placed 
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star-like  upon  a  slightly  inflated  short  pedicel ;  the  seeds  are  obovate, 
apparently  surrounded  by  a  perigynium  like  seeds  of  Carexj  or,  rather 
similar  by  form  and  position  to  those  published  by  Heer,  FL  Tert 
Helv.  III.,  p.  171,  PI.  cxlvii.,  Fig.  28,  as  LaJiarpia  umbeUata.  The  bods 
along  the  stems  are  sessile  and  may  represent  unopened  receptacles. 
The  relation  of  these  remainB  is  as  yet  unknown.  The  stems,  distantiy 
articulate,  bearing  sometimes  one  large  branch-scar,  with  smalls  scars 
in  rows,  might  be  comparable  to  Phra^mites.  But  they  are  entirely 
smooth^  not  striate  in  the  length,  and  moreover  differ  by  the  mode  of 
branching,  and  by  the  form  of  tbe  scars.  The  relation  to  Spargamium 
seems  at  first  admittable  on  account  of  the  small  sessile  groups  of 
flowers,  or  of  fructification;  but  this  analogy,  too,  is  rendered  doubtful 
by  the  mode  of  branching  and  the  articulations  of  the  stems. 

POPULUS  ATTENUATA,  Al.  Br. 

A  small  leaf,  with  strongly  creuate  borders.  The  leaf  is  still  smaller 
than  the  one  in  FL  Tert.  Helv.,  PI.  Ivii.,  Fig.  8,  and  could  be  referred  to 
a^  variety  of  Fopulus  mutabilis^  repando  crenata^  but  for  the  deeply 
crenate  border  and  the  thinner  substance  of  the  leaf. 

PopuLUS  LEUCOPHYLLA,  XJug.,  in  Ecpt.  1871,  p.  296. 

A  small  leaf,  with  the  borders  less  deeply  undulate-lobed  than  in  the 
form  represented  from  European,  and  especially  from  Alaska  specimens. 
They  are  merely  deeply  undulate.  The  nervation  is  distinctly  that  of 
the  species. 

Myrica  Torre yi,  sp.  nov. 

Leaves  membranaceous,  narrowly  lanceolate,  tapering  to  a  long,  linear, 
narrow  point,  gradually  narrowed  to  a  short,  broad  petiole,  distantly 
toothed,  penninerve. 

The  medial  nerve  is  broad,  secondary  veins  numerous,  variable  in 
distance,  emerging  on  a  broad  angle  of  divergence,  6(P,  ascending  to  a 
marginal  vein  which  follows  the  borders,  separated  Dy  intermediate 
veinlets,  anastomosing  with  them  in  broad,  irregular  meshes.  The 
leaves  vary  from  1^  cent,  to  3  cent,  wide,  the  largest  is  16  cent,  long 
from  the  base  of  the  petiole,  which  is  2  cent. ;  most  of  the  leaves  are  of 
the  larger  size;  the  borders  are  distantly  but  distinctly  obtusely 
toothed,  as  in  Myrica  (BankHa)  longifolia,  Ett,  to  which  this  si>ecie8  is 
closely  related.  It  is,  however,  by  its  nervation,  a  true  Ixyinatia^  and  by 
this  character  is  referable  to  Lomatia  barealiSj  Heer,  FL  Bait.,  p.  79,  PL 
xxiv..  Figs.  9  to  13,  differing  essentially  &om  it  as  from  Myrica  longifoUoj 
by  the  large  size  of  the  leaves,  &c  The  positive  relation  of  these  leaves 
to  the  genus  Lomatia  seems,  however,  controverted  by  the  presence  of 
small  oval  seeds,  apparently  seeds  of  Myrida^  on  the  same  sh^e  aa 
the  leaves.  These  nutlets  are  3  mill,  long  and  nearly  as  wide,  obtuse 
on  one  end,  slightly  pointed  at  the  other,  convex  and  narrowly  obscurely 
striate,  resembling  the  fruits  of  Myrica  a>cuminatay  Ung.,  as  published  in 
Beer's  Arct.  FL,  p.  102,  PL  iv.,  Figs.  15  and  16.  One  of  my  specimens 
has  even  a  fragment  of  a  small  catkin,  like  that  represented  in  Fig.  15a. 
It  is  therefore  advisable  to  consider  this  fine  species  as  belonging  to 
Myrica. 
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FiCUS  PLANICOSTATA,  «p.  nOV. 

Ijeaves  large,  thickish,  entire,  elliptical  or  broadly  ovate,  slightly 
pointed  or  obtase,  rounded — snbcordate  to  a  short  petiole,  three-nerved 
^m  the  top  of  the  petiole,  x)enninerve  above,  nervation  comptodrome. 

Species  represented  by  a  large  number  of  fine  specimens*  The  basi- 
lar secondary  veins  are  branched  ontside,  5  to  6  times,  the  npper  lateral 
veins  at  a  distance  from  the  basilar  ones,  are  closer  to  each  other,  all  on 
the  same  acute  angle,  30^,  to  the  broad,  flat,  medial  nerve,  ascending  to 
the  immediate  borers  where  they  curve,  following  them  as  marginal 
and  anastomosing  in  bows  £rom  one  to  the  other.  These  secondary 
veins,  too,  are  broad  and  flat;  nervilles  very  distinct  in  right  angle  to  the 
veins.  The  size  of  these  leaves  vary  irom  7^  to  12  cent,  long,  and  from 
o  to  10  cent.  wide.  This  fine  species  is  distantly  related  to  Ficus  Schim- 
feri^  Lsqx.,  of  the  Mississippi  flora. 

FiCUS  PLANICOSTATA,  var.  LATBPOLIA,  Lsqx. 

This  form  difi'ers  so  much  irom  the  primitive  type  that  it  should,  per- 
haps, be  considered  as  a  distinct  species,  though  the  nervation  is  the 
same.  The  leaves  are  broadly  round,  broader  than  long,  with  a  short, 
acarcely-marked,  obtuse  x)oint,  cordate  at  base,  with  the  borders  curv- 
ing downward  and  slightly  decurring  on  .the  short  broad  petiole. 
These  leaves  are  10  cent,  broad  and  7  to  8  cent,  long,  resembling  Ficus 
UKafoliOj  A.  Br.,  but  of  a  thinner  texture,  of  equilateral  base,  and  of 
less  coarse  nervation.  Though  there  is  no  transitional'  form  oetween 
this  form  and  that  described  in  the  former  species,  I  consider  them  as 
yet  as  varieties. 

The  shales  bearing  these  leaves  have  also  some  small  fruits  of  Ficus, 
probably  referable  to  the  same  species.  They  are  nearly  round,  abruptly 
narrowed  to  a  short,  broad  pedicel,  irregularly  wrinkled,  of  the  same 
size  and  form  as  the  fruits  of  Fieus  aimidiataj  Gray,  of  Cuba. 

On  the  same  specimens,  too,  there  is  a  slender  branch  with  oppo- 
site, small  leaflets,  which,  though  still  unopened,  are  referable  to  this 
species  by  their  nervation.  The  branch  is  smooth,  inflated  at  the  point 
of  attachment.  It  bears  two  pairs  of  these  leaves  at  a  distance  of  2^ 
cent,  with  naked  opposite  branchlets  between  them.  These  leaves  are 
scarcely  2  cent.  long. 

Ficus  TiLLsapoLiA,  (!)  Al.  Br. 

A  mere  fragment  of  a  large  leaf,  referable  to  this  species  on  account 
of  its  coarse  nervation  and  rugose  surface. 

Ficus  clintoni,  sp.  nov. 

Leaves  of  a  thinner  substance,  comparatively  small,  entire,  broadly 
ovate,  oblong,  obtuse,  rounded  at  the  base,  three-nerved  from  the  top 
of  the  petiole,  with  two  upper  pairs  of  secondary  veins  at  a  distance 
from  the*  base,  camptodrome. 

This  species,  represented  by  numerous  specimens,  has,  too,  some  like- 
ness with  the  varieties  of  Ficus  planicostatay  Lsqx.  It  has,  however, 
leaves  of  much  thinner  texture,  with  only  two  pairs  of  secondary  veins 
at  a  great  distance  from  the  basilar  ones,  all  much  smaller  in  size,  va- 
rying from  3  to  6  cent,  long,  broadly  oval,  entire,  and  more  or  less  un* 
dolate  on  the  borders.    The  two  basilar  lateral  veins  ascend  bv  an  acute 
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angle  of  divergence  to  the  borders,  near  the  middle  of  the  leaves,  whece, 
without  curve,  they  enter  the  margin  and  follow  it.  The  two  upper 
pairs  of  lateral  veins  are  nearly  opposite,  diverge  from  the  medial  nerve 
in  a  less  acute  angle,  and  enter  and  follow  the  borders  like  the  ether 
divisions,  the  fibrUles  are  thick,  their  divisions  .and  the  areolatioa  dis- 
tinct. A  beautiful  small  species,  very  distinct,  though  thedifiereiioasaro 
scarcely  appreciable  from  diescription. 

FlOUS  (!)  COBYLIFOLIUS,  «p.  ?M>r. 

« 

Leaves  thick,  coriaceous,  oblong  or  ovate — lanceolate,  entire,  tiger- 
ing downward  to  a  petiolej  praininerve ;  medial  n«rve  thick ;  seooadaty 
veins  alternate,  mostly  oraspedodrome. 

These  leaves,  represented  in  many  specimens,  are  deeply,  coarsely 
veined,  the  lowest  secondary  veins  much  divided,  their  branches  anas- 
tomosing in  bows  along  the  borders^  the  upper  ones  passing  to  the  bor- 
ders and  entering  them  like  their  division  or  oraspedodrome,  therefore 
with  a  complex  narration  like  the  leaves  of  some  species  of  Quereui. 
The  leaves  vary  from^  ovate-pointed  to  broadly  lanceolate.  I  do  not 
know  of  any  relation  to  this  species. 

FiGus  HAYiiE^aiy  «p.  nov. 

Leaves  subcoriaceous,  entire,  ovate,  tapering  into  a  long  twisted  ami- 
minate  point,  round  truncate,  or  attenuated  wedge  form,  to  a  loiig  peti- 
ole ;  pinnately  nerved. 

These  leaves,  with  the  form  of  leaves  of  PcpuUUj  are  related  to  those 
of  Fious  appendiculato  or  Fieus  popvlina^  Heer.  They  aie^  howevec,  jm- 
nately  nerved,  with  numerous  open  parallel  secondary  vems,  oarviogin 
passing  to  the  borders,  and  uniting  in  bows  to  the  upper  <»aies  at  a  short 
distance  from  the  borders.  These  secondary  veins  scarcely  bnanoh,  but 
they  are  joined  at  intervals  by  strong  fibrilhe ;  their  angle  of  divm^gwies 
is  about  40O.  The  neacest  relation  to  this  species,  in  Ibssil  plaute  at 
least,  is  Fieus  maraiviffHay  Mass.,  Fl.  Senig.,  PL  zxzi,  Fig.  7. 

PLATANUS  GtJILLELlhUE,  Gopp. 

Very  rare  in  the  shale  of  Black  Butte ;  represented  by  one  good  speci- 
men only. 

Benzoin  antiquum  (?)  Heer. 

One  leaf  referable  to  this  species  is,  by  its  form  and  nervation,  like 
Fig.  1,  PL  xc,  of  FL  Tert.  Helv.  It  is,  however,  indistinct,  and  its 
specification  somewhat  uncertain  like  that  of  the  leaf  from  Golden. 

DiosPiBOS  BBAGHYSEPALA,  Heer,  FL  Tert.  Helv.  HI,  p.  11,  PL  cii, 

Figs.  10  to  14. 

Leaves  entire,  lanceolate,  obtusely  pointed,  narrowed  to  a  petiole, 
pennately  nerved,  lateral  veins  oblique,  bradiiododrome. 

A  number  of  specimens,  all  agreeing  wiUi  the  figures  and  description 
of  this  species.  The  petiole  is  12  mill,  long,  the  secondary  veins,  enittg- 
ing  at  an  acute  angle  of  divergence,  are  somewhat  distant,  curve  in 
4>ows,  and  anastomose  along  the  borders. 
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DiosPiROS  ANCEPS,  Heer,  Fl.  Tert.  Helv.  Ill,  p.  12,  PI.  cii.  Figs.  15  to  18. 

The  leaves  of  this  species,  of  whioh  we  have  also  many  specimens 
irom  ihe  satkie  locality,  are  proportioDally  broader  and  shorter,  with  a 
dioiter,  thick  petiole;  the  nervation  is  more  simple,  the  secondary 
yeins,  and  their  divisions  more  irregnlarly  branching  and  anastomosing, 
and  the  base  of  the  leaves  more  rounded  to  the  petiole.  The  secondary 
veins  branch  outside,  and  their  bows  along  the  borders  are  formed  by 
anastomose  with  the  upper  branches ;  the  Tertiary  divisions  are,  how- 
ever, simple.  The  lower  pair  of  secondary  veins  is  generally  opposite 
the  other  altonate,  all  more  curved  in  ascending  than  in  tbe  former 

Viburnum  marginatum,  sp.  nov. 

Leaves  broadly  ovate,  or  obovate,  cuneiform  to  the  petiole,  round  trun- 
cate upward,  abruptly  short-pointed,  regularly  toothed,  strongly  pin- 
nately  veined,  craspedodrome. 

This  species  is  represented  by  a  large  number  of  specimens,  indicating 
its  numerous  distant  forms.  Bo  different,  indeed,  are  some  of  these 
leaves  that  but  for  the  permanent  character  of  their  nervation  it  would 
be  impossible  to  consider  them  as  representing  the  same  species.  The 
small  leaves  are  about  5  cent,  long,  half  as  broad  in  the  upper  part,  or 
above  the  middle,  tapering  downward  to  the  petiole.  The  largest  are  12 
to  14  cent,  long,  fully  as  broad  below  the  middle,  abruptly  contracted  to 
the  petiole,  rounded  upwards,  or  often  nearly  truncate  to  a  short  point 
entered  by  the  end  of  the  medial  nerve.  The  secondary  veins  are  like 
the  medial  nerve — Abroad,  straight,  distinctly  marked.  5  to  6  pairs,  at  an 
aeate  angle  of  divergence,  15  to  20<=>,  all  more  or  less  oranching  outside, 
aeoording  to  their  position,  the  branches  straight,  the  largest  ones  sub- 
dividing, and  all  the  divisions  entering  the  x)oint  of  sharp  teeth  turned 
outward,  regular  in  form  and  distance.  The  petiole  is  half  an  inch  long, 
inflated  at  its  base.  The  fruit  is  oblong,  round,  truncate  at  one  end, 
romid,  short-pointed  at  the  other,  contracted  in  the  middle.  By  its 
nervation  this  species  is  closely  allied  to  our  Viburnum  pubescensj  Pursh ; 
the  dentation  of  the  leaves  is  like  that  of  Viburnum  dentatum^  L.,  while 
the  veins  and  their  divisions  are  of  the  same  type  as  in  Viburnum  lan-^ 
tamride$j  Mich.,  and  covered,  as  these,  by  a  thick  coating  of  villosity. 
It  extends,  too,  around  the  borders,  marking  them  in  black,  like  the 
veins  and  their  divisions,  and  forming  a  narrow,  distinct  border  all 
uonnd  the  leaves.  The  fossil  leaves  especially  differ  from  those  of  the 
living  species  by  their  attenuated  or  wedge-form  base.  Some  of  the 
species  of  Viburnum  and  Tiliaj  described  by  Professor  Newberry  in  his 
notes  on  the  extinct  floras,  appear  to  be  referable  to  this  species ;  but 
from  the  descriptions  it  is  not  x)ossible  to  make  an  exact  compari- 
son. The  ultimate  nervation  is  distinct  in  many  of  our  leaves.  The 
thick  fibrillar  in  right  angle  to  the  secondary  and  tertiary  divisions 
branch  irregularly,  forming  an  irregular  loose  netting  of  mostly  pen- 
tagonal meshes.  The  leaves  are  dentate  only  from  below  the  middle, 
or  from  the  point  where  the  secondary  veins  or  divisions  reach  the 
borders. 

VIBTJRNI3I  Wymperi,  Hccr,  Arct.  Fl.,  II,  p.  475,  PI.  xlvi,  Fig.  16. 

Leaf  ovate,  narrowed  to  an  obtuse  point,  wedge-shaped,  rounded  to 
the  base,  penninerve,  craspedodrome. 
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Our  leaf  is  aligbtly  smaller,  bat  exactly  of  the  same  form  and  nerva- 
tion as  that  published  by  Heer  from  Korth  Greenland.  It  evidently 
differs  from  F.  marginatum  by  its  more  ronnded  and  elongated  form,  by 
the  nervation  less  deeply  marked,  the  veins  not  blackefled,  and  less 
divided,  the  upper  secondary  veins  simple,  the  tertiary  areolation  more 
deeply  and  equally  marked,  and  the  borders  less  deeply,  acutely,  and 
equally  dentate.  In  the  Spitzberg  flora  Professor  Heer  has  described 
and  figured  Fl.  XIII,  Figs.  3  to  23,  some  fruits  which  he  refers  to  this 
species.  Their  form  is  diiferent  from  that  of  the  fruit  of  Viburnum  mar- 
ginatum^ which  resembles  that  of  Fig.  24,  of  the  sam^  plate,  referred  to 
Viburnum  macrospermumj  Heer,  known  only  from  seeds,  ours  being 
merely  slightly  smaller,  with  a  small  point  in  the  middle  of  the  round 
tnmcate  top. 

Viburnum  contortum,  «p.  no  v. 

Leaves  small,  obovate  or  nearly  round,  unequal  at  base,  rounded  on 
one  side,  attenuated  at  the  other,  curved ;  borders  entire  or  obscurely 
iserrate ;  nervation,  pinnate,  craspedodrome. 

Two  leaflets  of  this  species,  which  might  be  considered  as  varieties  of 
Viburnum  marginatumj  but  for  the  irregular  and  different  form  of  the 
leaves,  and  their  entire  borders ;  one  of  the  leaves,  however,  is  slightly 
toothed.  The  nervation  is  of  a  same  type,  but  the  secondary  veins  more 
distant  and  less  numerous. 

CISSUS  LOBATO-CRENATUS,  Sp.  nOV. 

Leaves  thickish,  coriaceous,8mooth,  nearly  square  in  outline ;  abruptly, 
short  obtusely  pointed,  round  truncate  to  abroad  petiole,  crenate  short- 
lobed  all  around ;  nervation,  tri-nerved  from  the  base,  alternately  pin- 
nate upwards,  craspedodrome. 

A  number  of  leaves  variable  in  size  from  2^  to  9  cent.,  nearly  square, 
with  generally  two  obtuse,  short  lobes  on  each  side,  crenate  like  the 
borders  between  them.  The  basilar  veins  branch  outside,  and  pass  into 
the  obtuse  point  of  a  lobe.  The  smallest  of  these  leaves  are  somewhat 
like  some  varieties  of  Populus  mutabilis  var.  repando-crenate^  Heer ;  far 
different,  however,  by  the  nervation. 

ViTis  TRICUSPID  ATA,  Hccr,  Fl.  Bait,  p.  91,  PI.  xxviii,  Figs.  18  and  19. 

Leaves  small,  enlarged  on  the  sides,  three-lobate,  lobes  i>ointed,  spar- 
ingly dentate. 

Our  specimens  present  a  true  counterpart  of  the  figures  given  of  this 
species.  It  is  related  to  the  former.  In  the  small  leaves,the  teeth  are  slight- 
ly obtuse,but  in  the  large  ones  they  become, with  the  lobes,more  distinctly 
pointed.  Per  contra,  the  large  leaves  of  Cism^  lobato-crenatus  are 
more  and  more  obtusely  and  obscurely  crenate  and  dentate.  Both  forms, 
hovever,  may  represent  varieties  of  one  species  of  Cissus.  No  transi- 
tion is  remarked  from  one  form  to  the  other  in  our  specimens. 

Magnolia  Inglefieldi  (!),  Heer,  Fl.  Arct.,  p.  120,  PI.  xviii,  Fig.  1. 

Ijeaf  elliptical,  subcoriaceous,  entire,  medial  nerve  thick ;  secondary 
veins  distant,  camptodrome. 

The  leaf  resembles  by  its  form  the  figure  quoted  above ;  the  nervati<Hi 
appears  about  the  same,  differing  only  by  the  lowest  secondary  veins 
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being  in  oar  leaves  ou  a  broader  angle  of  divergence  than  that  of  the 
upper  veins.  In  Beer's  Fig.  1,  Zoo.  city  the  lowest  veins  are  more  in- 
clined. Bat  in  another,  Fig.  3(i',  of  the  same  plate,  the  secondary  veins 
are  still  more  open  than  in  onr  leaves,  though  all  parallel.  All  our 
specimens  have  the  lower  part  of  the  leaf  destroyed;  the  comparison, 
therefore,  is  not  conclusive,  though  these  leaves  belong  evidently  to  a 
Magnolia  of  a  same  tyi>e. 

Sapijjdus  caudatus,  Lsqx. 

Described  above  with  specimens  from  Golden.  The  leaves  here  are 
fiUghtly  shorter,  narrowly  taper-pointed  or  with  a  shorter  point  than 
those  of  Golden,  indicating  thus  still  more  the  relation  of  this  species 
with  Sapindns  duhiuSy  Beer. 

Aleurites  Eocenica,  «p.  nor. 

Leaves  membranaceous,  thickish,  oval,  pointed,  wedge-shaped  to  a 
long  petiole,  minutely  and  distantly  glandulosely  denticulate,  penni- 
nerve ;  secondary  veins  alternate  parallel ;  nervation  complex. 

Many  fragments  with  one  leaf  preserved  in  its  whole.  It  is  6^  cent, 
long,  2^  cent,  broad  in  the  middle,  its  widest  part,  with  a  petiole  of  the 
same  length,  2^  6ent.  long.  The  nervation  is  complex  and  mixed.  The 
secondary  veins,  emerging  under  an  angle  of  40^,  either  curve  at  a  dis- 
tance or  near  the  borders  in  angular  bows,  their  branches  passing 
straight  from  the  angles  to  the  borders,  where  they  enter  a  very  small 
loond  glandular  point ;  or  these  secondary  veins  themselves  pass  up 
after  anastomosing  on  both  sides,  and  enter,  too,  a  small  gland  of  the 
borders.  The  same  nervation  and  same  form,  consistance,  &c.,  of  leaves 
are  marked  in  Aleurites  triloba^  Gr.,  of  Cuba.  I  consider  these  leaves 
referable  to  this  genus. 

PALIUBUS   ZIZYPHOIDES,  ft}).  HOV. 

Leaves  subcoriaceous,  entire,  oval,  or  obovate  obtuse,  curving  down 
ward  to  a  thick,  short  petiole,  five-nerved,  the  two  lowest  lateral  veins 
from  the  borders  of  the  petiole,  the  other  from  the  medial  vein  a  little 
higher;  camptodrome.  • 

The  leaves  vary  in  size,  the  largest  one,  nearly  round,  being  5  cent, 
wide.  They  are  properly  three-nerved  from  the  base,  the  lowest  veins 
being  rather  marginal  ones,  much  shorter  than  those  of  the  first  pair. 
These  ascend  in  acute  angle  to  the  borders,  which  they  follow,  branching 
outside ;  the  medial  nerve  is  pinnately  divided  from  the  middle  upward. 
The  same  species,  represented  by  a  smaller  leaf,  has  been  found  at  Erie. 

* 

RnAMNUS  RECTiNERVis,  Beer. 

Represented  by  two  good  jspecimens. 

Ehamnus  Dechenu,  Web.,  Pal.,  VlII,  p.  90,  PL  \i,  Fig.  2. 

A  broken  specimen  only,  representing,  however,  this  species.  It 
merely  differs  by  the  more  deeply-marked  nervilles.  The  secondary 
veins  are  not  as  strong  and  deeply  marked  as  in  the  former  species.  A 
broken  specimen  from  Golden  by  Professor  B.  F.  Meek  is  also  referable 
to  this. 
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RHAMNrs  BiscoLOB,  %p.  nov. 

Leaves  membranaceous,  eutire,  round  or  ovate,  narrowed  into  an 
obtuse  point,  rounded  totbe  sbort,  tbick  petiole ;  secondary  veins  simple, 
8  to  10  pairs. 

A  fine  species,  witb  leaves  varying  in  size  from  2^  to  6  cent,  oval,  or 
sometimes  round,  emarginate,  or  obtuse  at  the  point;  secondary  veins 
diverging  40  to  50^,  curving  in  ascending  to  and  along  the  borders 
where  they  are  united  by  strong  nervilles ;  always  discolor,  an  indica- 
tion that  they  were  covered  with  a  villosity,  and  either  black  on  tlie 
yellow  surface  of  the  leaves,  or  yellow  upon  the  black  ones,  often  split 
in  the  length  by  maceration;  nervilles  distinct  and  distant  It  has 
some  affinity  of  nervation  with  Bhamnu%  hremfolim^  Heer,  FL  Tert 
Helv.,  p.  78,  PI.  cxxiii.  Fig.  27,  for  the  curving  of  the  veins  along 
the  borders.  The  lowest  pair  of  veins  join  the  medial  nerve  by  a 
downward  (decurring)  curve.  Closely  allied  by  the  form  of  the  leaves 
and  the  nervation  to  Rhamnus  FurshianuSj  D.  C,  now  living  in  Oregon. 

JuGLAi^s  Baltioa  (f ),  Hcer,  Fl.  Bait,  p.  98,  PL  xxix.  Figs.  9  and  10. 

A  fragment  only,  with  the  point  and  base  broken.  The  form  of  the 
leaf  and  its  peculiar  nervation  refer  it  to  this  species.  The  leaf  is  of  a 
thin  texture. 

JUGLANS  BUGOSA,  Lsqx. 

Bepresented  by  uncomplete  but  identifiable  specimens. 

Garpolithes  palmarum,  Lsqx. 

A  few  specimens  of  the  same  characters,  form,  and  size  as  those 
obtained  at  Golden. 

Carpolithes  falcatus,  «p.  nov. 

A  small  scythe-shaped  fruit,  attenuated  at  both  ends,  narrowly  and 
distinctly  striate  in  the  length,  2  cent  long,  4  mill,  wide  in  the  middle, 
pointed  at  one  end,  blunt  at  the  other.  The  relation  of  this  species  is 
as  yet  unknown. 

Bl<ick  Butte,  saurian  bed. 

The  station  of  this  bed  is  about  150  feet  higher  in  the  measures  than 
the  shale,  with  fossil-plants  of  the  former  section.  The  matter,  embed- 
ding leaves,  fragments  of  wood,  of  charcoal,  ash,  clay,  fossil  Cones  and 
shells  all  kneaded  and  mixed  together,  has  been  hardened  by  fire  and 
breaks  with  difficulty  and  in  irregular  fragments.  It  contains  an  abund- 
ance of  vegetable  remains,  mostly  broken^  however,  and  in  a  bad  state 
of  preservation. 

Sabal  Campbellu,  Newb. 

In  large  specimens  bearing,  as  elsewhere,  the  character  of  very  narrow^ 
close,  indistinct  stri»  of  the  rays. 
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FlCUS  CORYLIFOLItTS,  Lsqx. 

Described  from  the  lower  station,  tbe  shale  above  main  coal.  Professor 
B.  F.  Meek  found  in  this  saurian-bed  a  fine  leaf  preserved  entire. 

Laurus  obovata,  Web.  Pal.,  VIII,  p.  66,  PI.  iii,  Fig.  4. 

Leaf  coriaceous,  entire,  oblong-ovate,  acuminate^  narrowed  to  a 
petiole,  pinnatoly  nerved,  secondary  veins  very  thin,  the  lowest  ascend- 
ing parallel  to  the  borders. 

The  lowest  veins  of  this  leaf  only  are  discernible  in  the  two  leaves 
foand.  These  are  slightly  broader  and  shorter  than  the  one  figured  aa 
marked  above,  and  could  be  referred  to  Laurus  henzoidea,,  Web.,  Fig.  5- 
of  the  same  plate,  but  for  the  secondary  veins  on  a  more  acute  angle  of 
divergence  and  the  narrower  medial  nerve.  I  believe,  however,  that 
Iwth  these  leaves  of  Weber  represent  the  same  species. 

Platanus  EAYNOLDsn,  Xewb. 

A  large  fragment  of  this  fine  species.  The  borders  are  scarcely 
dentate  or  leds  acutely  toothed  than  in  the  normal  form.  The  substance 
of  the  leaves  is  evidently  coriaceous. 

ViBUENuai  DiCHOToacuM,  «p,  nov, 

L^t  subcoriaceoas,  thickish  ovate-oblong,  obtusely  pointed,  round^ 
slightly  cordate  to  the  petiole,  sharply  serrate  from  above  the  middle, 
pinnately  nerved. 

The  lowest  secondary  veins  are  opposite,  at  some  distance  from  the 
upper  ones,  emerging  on  an  angle  of  30^  to  35^,  branching  thrice ;  the 
upper  secondary  veins  are  alternate  and  dichotomous-like,  in  separating 
from  the  medial  nerve,  two  on  each  side ;  the  teeth  of  the  borders  are 
entered  either  by  the  point  of  secondary  vein  or  of  their  branches,  as 
in  Viburnum  marginatum^  Lsqx.,  to  which  this  species  is  allied.  It 
however  differs  by  the  greater  thickness  of  the  leaves,  the  smooth  sur- 
&oe,  the  form  of  the  teeth,  whose  points  are  turned  upwards,  and 
especially  by  the  peculiar  nervation.  I  have  found  a  single  well-pre- 
served entire  specimen  of  this  form.  Professor  B.  F.  Meek  has  another 
fragment  of  the  same  from  the  same  locality.  This  species  is,  by  its 
leaves  at  least,  intimately  related  to  Viburnum  ellipticum,  Hook,  of 
Oregon. 

Blacky  Butte^  red  baked  shale. 

These  shales  form  the  top  of  small  hills  about  at  the  same  level  as  the 
saiuian-beds,  and  at  a  short  distance  to  the  east.  They  are  as  hard  aa 
bricks,  and  of  the  same  color.  By  disintegration  they  are  parted  in  thin 
lamellsB  in  the  plane  of  stratification,  but  no  good  specimens  can  be 
obtained  by  the  hammer. 

Phbagmites  OENmoENSis,  Al.  Br. 

Fragments  of  roots  and  rootlets. 

Mykica  Toebeyi,  Lsqx. 

I^cscribed  already  from  the  shale  above  the  main  coal  of  this  locality. 
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QuEBCUS  Wyomingiana,  «p.  nor. 
Quercus  Olafseiii  var.,  Ileer,  Arct.  FL,  p.  471,  PI.  xlix,  Fig.  1. 

A  large  ovate  lanceolate  pointed  leaf,  with  borders  undalate,  or  marked 
by  distant  short  teeth ;  nervation  penninerve,  craspedodrome. 

Heer,  loc.  citj  has  considered  this  species  as  probably  a  variety  of 
Querctia  Olafaeni,  which  is  described  in  the  first  voL  of  the  Arct 
Flor.,  with  numeroas  figures.  All  these  show  the  borders  doubly 
and  obtusely  dentate,  with  mostly  simple  secondary  veins,  on  a  broader 
angle  of  divergence  and  somewhat  curving  in  ascending  to  the  borders. 
In  this  leaf  of  Black  Butte,  as  in  that  considered  as  a  variety  by  Heer, 
the  borders  are  merely  undulate,  or  distantly  marked  with  short,  pointed, 
simple  teeth,  while  the  secondary  veins  are  on  a  more  acute  angle, 
straight  and  comparatively  much  branched.  The  permanence  of  these 
characters,  remarked  in  our  specimens  from  Black  Butte,  force  us  to 
consider  them  as  specific. 

Eucalyptus   Haeeingiana    (?),   Ett.,   Har.  Foss.    Fl.,   p.    84,   PL 

xxviii,  Figs.  2  to  25. 

Leaves  small,  linear-lanceolate,  pointed,  tapering  to  the  base,  tliickish, 
entire,  medial  nerve  thick,  nervation  obsolete. 

The  similarity  of  these  two  leaves  of  ours  with  those  loc.  cit  Fig.  4, 
7,  and  11  is  perfect :  but  in  the  European  species,  as  in  ours,  the  nerva- 
tion is  obsolete,  and  the  mere  outlines  of  leaves  of  this  kind,  without 
comparison  of  specimens,  are  not  sufficient  for  identification. 

MacClintockia  Lyallii,  Heer,  Arct.  FL,  i,  p.  115,  PL  xv,  Fig.  2. 

A  mere  fragment,  good  enough,  however,  to  show  the  characters  of 
this  remarkable  species.  It  is  the  lower  half  of  a  coriaceous,  entire, 
lanceolate,  or  oblong  leaf,  marked  by  five  primary  veins,  with  alternate 
thinner  secondary  ones,  all  nearly  parallel.  The  details  of  areolation 
are  not  discernible. 

Ehamnus  Clebueni,  Lsqx. 

Species  described  from  Golden  specimens.  Professor  B.  F.  Meek 
found  two  fine  leaves  of  the  same  species  also  in  burnt  red  shale  of 
another  locality.  The  specimens  are  labeled :  In  the  hills  west  of  Black 
Butte. 

Ehamnus  salicifolius,  Lsqx.,  Am.  Jour.  ScL  &  Arts,  18C8,  p.  206. 

Found,  like  the  former,  by  Professor  Meek,  at  the  same  locality. 

JUGLANS  BHAMNOIDES,  Lsqx.,  Bcpt.  1871,  p.  294. 

Eepresented  by  a  large  number  of  good  specimens.  However,  the 
relation  of  these  leaves  is  still  uncertain ;  some  of  them,  by  strong 
fibrillse  and  secondary  veins  less  curved,  appear  referable  to  Shamntu 
^ridanij  Heer,  though  different  by  the  form  of  the  leaves,  while  others 
have  a  nervation  more  analogous  to  species  of  JugJanSy  especially  to 
Juglans  rugosa^  Lsqx. 
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JUmnst&n.   T~-- 

The  materials  taken  ont  of  a  tunuel  and  Leaped  near  its  month,  when 
former  explorers  visited  this  place,  have  famished,  especially,  the  speci- 
mens from  which  the  descriptions  of  species  were  made  in  the  former 
Beport  and  its  Supplement.  When  I  passed  Evanston,  these  shales, 
rich  in  remains  of  fossil  plants,  had  been  covered  with  slack,  and  the 
whole  heap  was  burning.  I  could  therefore  obtain  little  materials  in 
addition  to  those  from  which  is  derived  our  acquaintance  with  the  flora 
of  that  locality. 

POPXJLUS  ARCTiCA,  Hecr. 

A  species  common  in  the  Upper  Lignitic  formation,  already  r^marked 
upon  with  specimens  from  Carbon. 

POPULTJS  MUTABILIS  REPANDO-CRENATA,  Heer. 

A  splendid  leaf  of  this  species,  15  cent,  long,  without  the  8  cent,  long 
petiole,  and  8  cent,  broad  toward  its  round  truncate  base :  of  exactly 
the  same,  form  as  Fig.  4,  PI.  Ixii,  of  Flor.  Tert.  Helv.  This  leaf  is  dis- 
tinctly preserved  upon  a  block  of  sandstone  used  for  construction  at  the 
mines  of  the  Wyoming  Company. 

Alnus  Kefersteikii,  Heer,  in  Eept.  1871,  p.  292. 

A  species  represented  with  numerous  and  well-preserved  remains. 

Betxjla  Stevensoni,  Lsqx.,  Eept.  1871,  p.  293. 

Like  the  former,  very  common  at  Evanston.  I  found  mixed  with  the 
leaves  some  bracts  of  Betula^  referable  to  two  different  species.  One  of 
the  forms  is  comparable  to  the  bract  figured  by  Heer  in  Flor.  Arct.,  PI. 
XXV,  Fig.  25,  which  he  refers  to  Betula  jprisca^  Ett.  The  other,  with 
the  three  divisions  short  and  pointed,  is  of  the  same  type  as  that  of 
Fig.  30  of  the  same  plate  named  Betula  Forshammeri,  Heer.  Perhaps 
both  forms  belong  to  the  same  species.  I  consider,  however,  the  first 
and  more  common  one  as  referable  to  Betula  Stevensoni,  Lsqx.,  most 
commonly  represented  by  its  leaves;  and  the  second  to  Betula  caudatOj 
Gopp.,  a  few  leaves  of  which  have  been  found  at  Evanston.  With  these 
bracts  are  mixed  some  ovate-pointed  seeds,  truncate  at  the  lower 
part,  without  wings,  and  twice  as  large  as  the  seeds  of  Betula.  They 
may  be  referable  to  Alnus  Kefersteiniij  being,  for  the  upper  part  at 
least,  of  the  same  form  and  size  as  those  figured  by  Heer,  same  plate  as 
above,  Fig.  8.  The  lower  part  of  the  Arctic  specimen  is,  however^ 
destroyed.  The  shale  at  Evanston  has,  as  at  Carbon,  many  species  of 
fruits  which  can  be  described  only  with  figures. 

DIOSPIROS  LANCIFOLIA,  Lsqx.,  in  Eept.  1871,  p.  293. 

The  leaves  referable  to  this  species  are  very  numerous  and  variable 
in  size.  I  found,  in  couuecMou  with  them,  a  round  or  slightly  oval- 
tmnid  nutlet,  9  mill,  in  diameter,  smooth,  like  that  of  some  species  of 
Prunus.  These  leaves  might  then  be  referable  to  a  thick -leaved  I'rumiSy 
like  P.  spharocarpa,  Lois.,  of  Cuba. 

26  G  s 
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Rhamnus  begtineryis,  Heer. 
The  same  form  as  ilescribecl  in  Rept.  1871,  p.  295, 

Rhamnus  obovatus,  Lsqx. 

Represented  in  two  badly  preserved  specimens.  They  are,  however, 
easily  ideuiifiable. 

Rhus  Evansii,  Lsqx.,  Rept.  1871,  p.  293. 

The  specimens  are  of  the  same  size  and  form  as  those  described  in  the 
report. 

JuGLANS  Rha:vinoides,  Lsqx.,  Rept.  1871,  p.  293. 
Already  described  from  the  same  place. 

Carya  antiquorum,  Kewb.,  Rept.  1871,  p.  294. 

I  found  a  large  number  of  well-preserved  leaves  referable  to  this 
species,  some  larger  still  than  the  one  formerly  described.  The  general 
form  is  of  the  same  type  as  that  of  Juglans  rugasa ;  the  borders  of  the 
leaves,  however,  are  crenulate  and  the  secondary  veins  craspedodrome, 
their  points  and  their  divisions  entering  the  crennles,  the  lowest  ones 
after  curving  along  the  borders.  There  is  a  great  variety  in  the  nerva- 
tion of  these  leaves.    Their  substance  is  thickish,  subcoriaceous. 

Cassia  concinna,  Heer,  Florl  Tert.  Helv.,  Ill,  p.  122,  PI.  xxxviii,  Fig.  4L 

The  figure  given  by  Heer  represents  a  branch  of  apparently  uufoldiiig 
leaves.  We  have  one  specimen  with  a  single  leaf  so  remarkable  in  form 
and  so  exactlv  similar  to  that  figure  enlarged,  41^,  he.  citj  that  it  is 
impossible  to  doubt  that  it  represents  the  same  species.  It  is,  however, 
uncertain  if  these  leaves  represent  a  species  of  Cassia.  The  young 
branches  of  Peltophorum  adnatum^  Gr.,  of  Cuba,  bear  leaves  of  exiictly 
the  same  form.  The  half  oi>ened  buds  of  our  Gleditschia  triacanthos 
have  also  their  leaves  of  the  same  kind. 

Calycites  hexaphylla,  «p.  nov. 

An  open  calyx  or  involucre  of  a  detached  fruit,  at  the  top  of  a  slen- 
der pedicel.  The  point  of  attachment  is  round,  4  mill,  wide,  with  a  cen- 
tral small  mamilla  1  mill,  broad  j  the  follicule  divides  at  a  shoi*t  distance 
from  the  central  point  in  six  linear,  entire,  undulate,  obtuse  segments,  2 
cent,  long  from  the  central  point,  diverging  star-like,  coriaceous  and 
narrowly  striate  in  the  length.  The  central  point  evidently  marks  this 
vegetabte  as  representing,  a  calyx,  rather  than  a  coriaceous  corolla.  It 
may  be  compared  to  what  Dr.  Newberry  has  named  Calycites  polynepala^ 
though  the  form  of  the  divisions  is  far  difierent.  It  is  apparently  refer- 
able to  an  involucre  or  persistent  calyx  of  some  Lauracece^  or  perhaps  of 
some  DiospiroSj  though  few  species  of  this  genus  have  hexamerous 
divisions. 
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CARPOLITHES  ARAGHIOIDES,  «p.  flOV. 

Fnictification  racemose;  branches  long,  3  mill,  thick,  bearing  alter- 
nate, obloug-ovate  pointed  capsules,  striated  in  the  length,  inflated  at 
one  side  near  the  point  like  a  one-celled  pod. 

These  capsules  or  pods  are  turned  upward  in  the  upper  part  of  the 
branehes,  downward  or  pending  in  the  lower  part,  2^  cent,  long,  1  cent, 
wide  in  the  middle,  rounded  to  a  short  pointed  acumen,  narrowed  to 
the  i)oiut  of  attachment,  where  they  are  generally  somewhat  more 
inflated  on  one  side  than  on  the  other,  distinctly  striate  in  the  length 
except  on  the  inflated  part  near  the  point,  where  they  ara  obscurely  and 
transversely  wrinkled.  These  racemes  of  fructiflcations,  of  which  I 
obtained  good  and  distinct  specimens,  are  indeed  remarkable;  but 
their  relation  is  as  yet  unknown.  Nothing  of  this  kind  has  been  pub- 
lished, and,  except  the  pods  of  our  pea-nut  plant,  Arachis  hypogceaj  2>., 
which  they  distantly  resemble,  I  do  not  know  any  living  species  to 
which  they  may  be  compared. 

CARPOLITHES  PALMARUM,  Lsqx.,  Supt.,  p.  13. 

As  yet  no  remains  of  leaves  of  Sabal  have  been  found  at  Evanston  ; 
the  relation  of  fruits  from  this  locality  to  species  of  palms  is  still 
doubtful. 

Professor  Meek  has,  too,  among  his  sx>ecimens,  a  few  fragments  of 
Flatanus  Guillelmoe,  Gopp.,  already  described  from  this  locality,  and 
one  obscure  fragment  of  Platantis,  which  appears  to  belong,  to  P. 
nobilis^  Newb. ;  this  last  is,  however,  uncertain. 

Eik  CreeJCj  near  YelUncstone  River. 

S|>ecimens  in  fragments  of  hard  metamorphic  calcareous  shale,  mostly 
representing  pieces  of  leaves  of  Ptatanus  nobilia^  Newb.,  labeled  A.  C. 
Peale,  Jos.  Savage,  and  O.  0.  Sloane. 

Cyperites  ANausTiOR,  Al.  Br. 

The  specimen  is  distinct,  and  agree  exactly  with  the  figure  of  this 
species  in  Heer,  FL  Tert.  Helv.,  p.  79,  PL  xxix,  Fig.  7.  The  leaf  is  2J 
mill,  broad,  with  a  thick  medial  nerve  i  mill,  or  more,  smooth  surface, 
and  secondary  veins  totally  obsolete.  This  fragment  of  leaf  is  enlarged 
at  \t&  base  (I)  into  what  appears  to  be  a  vagina,  embracing  a  cylindrical 
culm  (?)  preserved  in  its  cylindrical  form  like  a  small  branch  of  petrified 
wood.  The  preservation  of  this  grass  stem  is  accountable  by  the  nature 
of  the  embedding  substance,  which  is  evidently  a  kind  of  calcareous 
tufa. 

Fagxjs  AJ5T1P0FI,  Heer,  Fl.  Foss.  Alask.,  p.  30,  PI.  VII,  Figs.  4-8. 

Leaf  elliptical,  narrowed  by  a  curve  to  its  base,  lanceolate-pointed, 
entire,  membranaceous;  secondary  veins  straight,  oblique  30^  to  35^, 
simple,  numerous. 

This  form  is  referable  to  Heer's  species  by  its  general  outline  and 
characters,  especially  to  var.  a  :  leaves  ovate,  lanceolate,  very  entire. 
One  leaf  is,  however,  shorter  and  broader  and  apparently  more  abruptly 
pointed,  (the  point  is  broken.)  The  nervilles,  too,  are  at  right  angle 
to  the  medial  nerve  and  more  oblique  to  the  secondary  veins.  The 
nervation  is  that  of  our  living  Fagiis  ferniginea,  Ait. 
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Platanus  nobilis,  Fewb. 
Bepresented  by  a  large  uumber  of  fragments. 

JUGLANS  RUGOSA,  Lsqx. 

Only  an  obscure  specimen. 

Oarpolithes  osseus,  9p.  nov. 

Frnit  hard,  covered  with  a  thin,  bony  shell,  compressed,  oval,  rootid, 
obtuse  at  one  end,  obtusely  pointed  (?)  at  the  other. 

The  point  is  half  destroyed.  This  fruit  is  6  cent,  long,  3  cent  wide  in 
the  middle,  irregularly  narrowly  striate  in  the  length  and  rugose  on  the 
surface.  It  has  the  form  of  a  large  nut,  like  those  of  some  species  of 
Astrocaryum  of  the  Palms.  It  is  slightly  flattened,  apparently  by  eom- 
l)ression. 

Six  miles  above  Spring  Canon,  near  Fort  Ullis. 

I  have  to  place  in  a  single  division  a  number  of  specimens  marked 
with  three  kinds  of  labels,  for  the  reason  that  they  represent  some  iden- 
tical species  from  the  different  localities,  and  appear,  therefore,  as  from 
the  same  horizon.  These  labels  are :  "  Near  Fort  Ellis,  above  coal ;  A. 
0.  Peale,  Jos.  Savage."  "Above  Spring  Caiion,  near  Fort  Ellis ;  Jos. 
Savage,  W.  H.  Holmes.''  "  Six  miles  above  Spring  Caiion  ;  A.  O.  Peale, 
Jos.  Savage.'^  All  the  specimens  are  of  a  very  hard,  metamorphic 
shale,  breaking  across  the  plane  of  stratification,  therefore,  mere  frag- 
ments, rarely  representing  an  entire  leaf.  The  localities  are  indicatetl 
for  the  new  or  interesting  species  of  this  section. 

Gymnogramma  Haydenii,  Lsqx.,  Kept.,  (1871,)  p.  295. 

Two  specimens  of  this  species,  from  above  Spring  Canon. 

Abietitbs  dubius,  Lsqx. 

Described  formerly  with  specimens  from  the  Raton  Mountains.  The 
specimens  are  from  near  Fort  Ellis,  above  coal,  and  above  Spring  Cauou. 

Abies  sstigera,  sp.  nor. 

Leaves  distant,  simple,  very  narrow,  needle  form,  in  right  angle 
around  and  from  the  branches. 

These  very  narrow  filiform  leaves  are  18  mill,  long,  less  than  one  mill, 
wide,  linear  sharp  pointed,  abruptly  enlarged  at  the  base  in  the  point 
of  attachment  to  the  branches,  from  which  they  diverge  all  aroand  in 
right  angle.  The  leaves  are  nerved,  channeled  on  one  side,  keeled  at 
the  other.  It  has  no  relation  to  any  fossil  or  living  species  known  as 
yet. 

Sausburia  polymorpha,  Lsqx.,  Ment.  Jour.  Science  and  Arts,  (1850,) 

p.  362.     . 

Leaf  fan-like  in  outline,  tapering  or  wedge  form  to  the  base^  divided 
upward  in  lobes  of  various  forms,  either  linear  oblong  obtuse  er  lance- 
olate, short  or  deeply  parted. 
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The  medial  vein  is  marked  to  above  the  middle,  the  veins  very  thin, 
close,  straight,  or  nearly  so,  diehotoiaous  in  ascending.  ^^  From  six  miles 
above  Spring  Oaiion.'' 

A  very  fine  and  well-characterized  si>ecie8,  mentioned  from  specimens 
iu  the  collection  of  Dr.  John  Evans  from  Vancouver's  Island.  The 
plants  from  this  lowility  were  described  and  figured  for  a  final  report, 
which  was  delivered  to  Dr.  Evans,  but  has  never  been  published.  A 
short  mention  only  is  made  of  this  species  in  the  Journal.  The  pres- 
ence of  this  leaf,  easily  identified,  in  strata  evidently  Eocene,  with 
species  which,  like  Flatfimis  aceroides^  Quercus  Pealci,  Ginnarnomum 
Rossmaesaleri,  &c.,  cannot  be  considered  as  Cretaceous,  confirm  my 
opinion  on  the  Tertiary  age  of  coal  of  Vancouver,  loc.  cit 

Caulinites  sparganioides,  Lsqx. 
Described  above  with  specimens  from  Black  Butte. 

POPULirS  LEUCOPHYLLA,  Uug. 

A  small  leaf,  representing  the  variety  figured  by  Gaudin,  IsL  Mem., 
PI.  iv.  Fig.  3. 
"  ]Sear  Fort  Ellis,  above  coal.'' 

POFTJLUS  MUTABILIS,  VAR.  REPANDO  CRENATA,  Hecr. 

A  fine  leaf,  the  upper  half  of  which  is,  however,  destroyed.  The  pre- 
served part  is  G  cent,  long,  6  cent,  wide  in  the  middle,  the  petiole  5 
cent  long.  The  second  pair  of  lateral  veins  is  nearer  to  the  basilar  ones 
than  in  any  of  the  leaves  in  Heer  Flor.  Tert.  Helv.,  p.  62 ;  but  this  dif- 
ference is  scarcely  noticeable  for  leaves  of  so  variable  a. species  as  this. 
Though  very  common  iu  the  European  Miocene,  it  has  few  representa- 
tives in  our  Eocene  flora. 

Salix  angusta,  (!)  Al.  Br. 

The  specimen  represents  only  the  middle  part  of  a  linear  leaf,  4  cent, 
long,  12  mill,  wide,  with  numerous  secondary,  deeply-marked  veins,  curv- 
ing along  the  borders,  and  forming  undulate  margins  by  their  depressions. 
This  fragment  is  of  the  same  type  as  that  published  by  Ludwig  in  Pal. 
Wetter.  Braunkohle,  PL  xxxi,  Fig.  2c?,  which,  too,  has  the  borders  undu- 
late by  the  depression  of  the  veins.  On  account  of  the  imperfect  frag- 
ment, the  identification  is,  however,  uncertain. 

Alntjs  Kefersteinii,  Gopp. 

In  broken  specimens.    **  From  six  miles  above  Spring  Canon.'' 

QuERCUS  Wyomingiana,  Lsqx. 

Like  the  former,  in  fragments.    "  Prom  near  Fort  Ellis,  above  coal.*' 

QuERCUS  Platania,  Heer,  var.  Kotu^difolxa. 

Leaf  round  in  outline,  obtuse  or  obtusely  short-pointed,  deeply  cor- 
date at  base,  borders  undulate. 

These  leaves  are  three-nerved  from  the  base,  with  two  or  three  pairs 
of  upper  secondary  veins,  parallel,  mostly  opposite,  craspedodrome, 
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branching  outside,  and  connected  by  strong  nervilles.  This  form  ap- 
pears at  first  specifically  different  from  Beer's  species  and  also  from  the 
leaf  referred  to  it  from  Carbon.  The  leaves,*  9  cent,  broad  and  just  as 
long,  have  entire  undalate  borders,  and  the  base  merely  cordate.  One 
of  them,  the  best  preserved,  has  only  three  pjiirs  of  secondary  veins ; 
the  lowest  nearly  as  strong  as  the  medial  nerve,  much  divided  outside, 
ascending  to  the  borders  in  an  angle  of  divergence  50^ ;  the  other,  at  a 
more  acute  angle,  40°,  branching,  too,  and  connected  with  strong  ner- 
villes, the  leaf,  except  for  its  form,  appearing  a  leaf  of  Platanus.  A 
number  of  specimens,  however,  present  marked  differences  intermedi- 
ate between  this  leaf  and  those  from  Greenland,  not  only  in  the  nerva- 
tion, but  in  the  basilar,  auriculate  borders,  which,  too,  in  one  specimen, 
are  dentate.  From  this,  as  from  the  leaf  described  at  Carbon,  this 
species  appears  very  variable  and  well  represented  in  our  northern  Lig- 
nitic  formation.  I  have  not  seen  it  as  yet  south  of  Carbon.  The  leaf 
of  ours  has  evidently  a  long  petiole. 

Laurus  prihigenia,  Ung.,  Fl.  v.  Sotzka,  p.  38,  PI.  XIX,  Figs.  1-4. 

Leaves  thick,  coriaceous,  lanceolate,  tapering  to  a  long  petiole  ]  lower 
secondary  veins  at  an  acute  angle  of  divergence. 

One  of  the  specimens  represents  the  lower  half  of  a  leaf  with  a  still 
longer  petiole,  than  marked  by  linger,  loc,  cit ;  another  has  only  the  up)>er 
part  with  the  point  broken.  In  both  the  character  of  nervation  and  tiie 
form  of  the  leaves  agree  with  those  of  this  species.  The  lowest  pair  of 
secondary  veins  is  at  a  more  acute  angle  than  the  upper  ones,  and 
ascends  higher  along  the  borders.  In  one  of  the  specimens  some  ner- 
villes go  out  from  the  medial  nerve  as  intermediate  veinlets  to  the 
secondary  veins.  The  ultimate  divisions,  however,  pass  into  ronnd, 
very  small,  areolae,  the  whole  of  the  same  type  as  in  LauruB  prineeps^ 
Heer. 

QuERCUS  PEALEi,  Lsqx.,  Bept.  1871,  p.  297. 

Many  specimens  of  this  fine  species  indicate  the  form  of  the  leaves  as 
variable  from  broadly  ovate  pointed  to  oval  lanceolate-pointed.  The 
nervation  and  the  form  of  the  obtuse  teeth  is  always  as  described  in 
liept.,  loc.  cit.  One  of  these  leaves  is  7^  cent,  long,  only  2^  cent, 
broad,  while  another  is  4^  cent,  broad  and  only  5  cent.  long. 

Kepresented,  like  the  former,  by  specimens  from  all  the  localities  of 

this  section. 

« 

Platanus  aoeroides,  Gopp. 

A  good  specimen,  from  six  miles  above  Spring  Gaiion. 

Fious  auriculata,  Lsqx. 

Described  with  specimens  of  Golden.  The  collection  has  an  identifiable 
fragment,  representing  the  lower  half  of  a  leaf  from  the  same  locality 
as  the  former. 

CiNNAMOMUM  R0S8MASSLERI,  Hccr. 

Bepresented  by  three  specimens  from  six  miles  above  Spring  CaiiOD. 
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F&AXDIXJS  BENTKiULATA,  Heer,  Arct.  Flor.  I,  p.  118,  pi.  xlvii,  Fig.  2. 

This  leaf  is  intermediate  between  the  one  figured  loc.  cit,  aucl  another 
much  smaller,  with  more  acute  teeth,  (PI.  XVI,  Fig.  4.)  It  is  nearly  na 
large  as  the  first,  with  large,  obtuse,  distant  teeth,  but  with  a  distinct 
nervation  like  that  of  the  second,  the  lowest  secondary  veins,  curving 
and  anastomosing  along  the  borders,  with  divisions  or  nervilles  enter- 
ing the  teeth ;  while  the  upper  ones  directly  end  into  them.  There  is  no 
doubt  about  the  identity  of  these  leaves  with  those  figured  by  Heer, 
bat  I  am  uncertaiQ  if  they  represent  a  species  of  Fraxinus. 

QlTERCUS  CHLOROPHYLLA,  (?)  Uug. 

I 

Same  species  of  leaves  as  those  described  under  this  name  from  Mar- 
shall. 

Nyssa  lanceolata,  8p.  nov. 

Leaves  subcoriaceous,  entire,  broadly  lanceolate-pointed,  rounded  to 
the  i)etiole,  secondary  veins  alternate,  parallel  caniptodrome. 

The  leaves  are  7^  cent?,  long,  4  cent,  broad  in  (he  broadest  pait, 
with  9  pairs  of  secondary  alternate  veins,  diverging  40°  from  the  med- 
ial nerve,  curving  in  ascending  to  the  borders,  where  they  disappear; 
areolation  pnnctate.  The  nervation  and  areolation  are  as  in  our  living 
NjfS9a  mnltrfiora^  Wang.  The  form  of  the  leaves,  however,  is  different, 
flie  fossil  ones  being  broader  below  the  middle,  more  rounded  in  descend- 
ing to  the  petiole.  Except  Nyusa  punctata^  Heer,  in  Bait.  Flor.,  the 
Eoropean  tertiary  species  are  known  only  by  the  fruits.  The'  Baltic 
8|)ecie8,  like  Nyssa  (?)  vetustUj  Newb.,  are  far  different  from  this  one. 
Three  species  of  Nyssa  are  known,  by  fmctiticatious  only,  from  the 
Brandon  lignites  of  Vermont. 

Six  miles  above  Spring  Gaiion. 

Ehamnus  acuminatifolius,  O.  Web. 

Leaves  large,  broadly  oval,  ac>cuminate  pointed,  rounded  to  the  base ; 
secondary  veins  parallel,  curving  to  and  along  the  borders  ^  nervilles 
indistinct. 

These  leaves,  represented  by  two  fragments  only,  differ  from  JngJans 
rugosa^  Lsqx.,  by  round  base  and  a  less  distinct  and  more  regular  nerva- 
tion. They  may,  however,  be  mere  varieties  of  this  omnipresent  and 
polymorphous  species.    The  same  form  has*  been  found  at  Golden. 

* 

Rhus  bella,  (!)  Heer,  Flor.  Arct.  IT,  p.  483,  PI.  Ivi,  Figs.  4  and  5. 

The  lower  half  of  ^a  subeoriaceous  entire  leaflet,  gradually  tapering 
from  the  middle  to  a* petiole,  appearing  part  of  a  compound  leaf.  The 
specimen  is  not  sulQficient  for  a  reliable  identification.  The  nervation, 
like  the  form  of  the  leaf,  are,  however,  the  same  as  in  Heer's  species. 

Above  Spring  Gaiion,  near  Fort  Ellis. 

JuaLANS  BUGOSA,  Lsqx. 

The  specimens  from  all  the  localities  of  this  station  represent  dist^int 
varieties  of  this  species.  The  leaves  are  especially  variable  in  size, 
some  still  larger  than  the  largest  forms  of  Jvglans  acuminata^  published 
l>j  Heer,  some  so  small  that  though  the  characters  taken  iroui  ner\'a' 
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tion  aud  outline  are  identical,  thej  can  scarcely  be  recognized  as  belong- 
ing to  this  species.    Among  them  are  two  specimens  from  above  tbe 
coal  of  Spring  Cafion,  near  Fort  Ellis,  repre^nting  the  same  leaf.    It 
is  G  cent,  long,  3  cent,  wide,  elliptical,  lanceolate-pointed,  tapering  to 
the  petiole  in  a  round  curve,  with  secondary  veins  numerous,  variable 
in  distance,  somo  separated  by  shorter  veinlets,  the  lower  ones  at  a' 
broader  angle  of  divergence  than  the  superior  ones,  and  the  lowest  shorter 
pair  nearly  at  a  right  angle  to  the  medial  nerve;  nervilles  i>erpendicolar4 
to  the  lateral  veins.    If  these  characters  of  nervation  are  those  of  Jtr^j 
lans  rugosa^  Lsqx.,  as  also  of  JuglaiiH  acuminata^  Heer,  they  are  thooe'l 
also  of  Jvglans  veiusia^  Heer,  Flor.  Tert.  Helv.,  p.  90,  PI.  cxxvii,  Figa* 
40-44 ;  a  species  with  smaller  leaves,  of  a  form  similar  to  that  of  oars.'] 
We  have,  however,  intermediate  specimens  which,  coming  from  the 
same  stations,  seem  to  disparage  the  separation  of  these  forms  into  two 
species. 

JUGLANS  DENTICULATA,  Heer. 

The  same  small  form  as  the  one  remarked  upon  in  Bept,  1871,  pw 
298.    The  specimens  iire  from  the  same  place. 

Cassia  phaseolites,  Ung.    Fl.  v.  Sotzka,  p.  58,  PI.  xlv. 

Leaves,  membranaceous;  petiole  elliptical,  taperi.ig  downward  by- a 
curve  to  the  petiole ;  lowest  pair  of  se<'.ondury  veins  at  a  distan<^  from 
the  base,  opposite. 

This  species  is  figured  by  Unger,  with  njimerous  leaves  and  one  of  its 
pods.  Heer,  too,  has  it  in  the  same  way  in  his  Flor.  Tert.  Helv.,  PI. 
cxxxvii.  Figs.  G6  to  74.  The  numerous  specimens  obtained  from  the 
different  localities  of  this  station  merely  represent  leaves.  These  in 
their  different  forms  and  variety  of  nervation  agree  *80  well  with  the 
European  leaves  that  they  may  be  referred  to  this  species  with  little 
doubt.  The  angle  of  divergence  of  the  secondary  veins  is  variable,  as 
also  the  more  or  less  rounded  base  of  the  leaves.  It  is  often  unequilat- 
eral. 

GENERAL  REMARKS. 

The  following  table  of  comparison,  indicating  the  distribution  of 
species  at  different  localities,  completes,  to  this  time,  the  one  published 
in  the  former  report.  For  researcheslike  those  which  have  beeo'detailed 
in  this  paper,  aud  for  a  science  which,  like  vegetable  paleontology,  isstiil. 
with  us  at  least,  in  an  incipient  state,  a  document  of  this  kind  cannot 
be  dispensed  with.  Besides  pointing  out  the  march  of  the  researches 
and  the  discoveries  made  in  the  flora  of  our  Tertiary,  the  table  is  a  most 
convenient  record  to  show  at  a  glance  the  points  of  relations  or  of  dif- 
ferences which  may  be  more  reliably  considered  in  the  discussion  on  the 
geological  age  of  certain  groups.  It  has  been  essentially  prepared  to 
that  purpose,  and,  therefore,  slightly  modified  or  rather  simplified,  to 
render  it  more  explicit.  The  characters  of  the  Tertiary  groups  of  Europe 
are  not  satisfactorily  fixed  by  vegetable  paleontology ;  therefore,  the 
relation  of  some  ourspecies  with  separate  Miocene  divisions  is  unimport- 
ant. On  another  side,  the  few  fbssil  species  known  as  yet  in  Europe  as 
truly  Eocene,  claim  a  more  scrupulous  comparison  with  ours  on  account 
of  the  conclusion  admitted  in  the  first  part  of  this  report — that  the 
whole  North  American  Lignitic  formation  is  Eocene.    The  table,  there- 
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<^^lfbre^  has  a  single  division  for  the  European  Miocene,  and  another  for  the 
'  ^Xocene,  both  for  indication  of  geological  age ;  and  it  has,  too,  one-4*or  the 
*hJArctic  and  another  for  tire  Alaska  Tertiary,  for  indication  of  original 
^derivation  of  species  rather  than  for  comparison  of  geological  divisions. 
s^»The  American  divisions  are  defined  by  stratigraphy  as  by  paleontology. 
Dk>|The  Upper  Tertiary  or  the  Miocene  (f)  is  represented  in  the  Jiocky 
«if  Xoantains  by  the  Green  River  Group,  and  some  identical  strata  of  Elk 
fvd  Station  and  of  South  Park.  The  second  group  in  descending  order,  named 
ul  as  yet  Upper  Eocene,  has  for  its  essential  members  Carbon,  Evanston, 
and  Washakie  deposits,  which  may  be  hereafter  subdivided  into  two 
stages.  The  lower  Eocene  is  considered  in  separate  geographical  divis- 
ions, of  identical  age,  as  far,  at  least,  as  it  is  known  as  yet,  the  Baton 
Mountains,  Golden,  Black  Butte,  and  Six  miles  above  Spring  Canon. 
Detached  areas  of  the  same  group,  which  have  as  yet  furnished  to  ex- 
amination a  too  small  number  of  fossil  plants,  are  united  with  the 
essential  divisions.  The  Placer  Mountains  and  the  Canon  City  go  with 
the  Eaton ;  the  Gehrung's,  Mar^^hall's,  and  Erie  coal  deposits  with 
Golden ;  the  Point  of  Kock  and  Hallville,  with  the  upper  and  lower 
divisions  of  ^laek  Butte, ;  and  the  ditfereut  localities  at  and  around 
Fort  Ellis,  with  Six  miles  above  Spring  Canon.  More  precise  details  of 
the  distribution  of  each  species  are  given,  with  their  descriptions.  The 
Elk  Creek  division  is  as  yet  scarcely  fixed  by  its  remains  of  fossil  plants. 
It  could  have  been  omitted  or  united,  perhaps,  with  Spring  Caiion  but  for 
a  few  peculiar  species  which  seem  to  indicate  a  distinct  flora,  and  which 
may  afford  matter  for  consideration.  The  distribution  of  the  table  is, 
besides^  clear  and  explains  itself. 
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This  table  enamerates  three  hundred  and  ten  species ;  that  of  the 
former  report,  established  from  the  species  published  formerly  by  myself 
from  the  Eocene  of  Mississippi  and  Tennessee,  later,  from  the  speei- 
mens  which  Dr.  Leconte  h{ul  obtained  in  exploring  the  Lignitic  of 
Colorado  and  New  Mexico,  and  also  with  the  species  described  by  Dr. 
Newberry  from  Fort  Union,  &c.,  had  only  one  hundred  and  eighty 
species.  The  addition  to  the  flora  of  the  North  American  Tertiary 
formations  amounts,  thei'efore,  to  more  than  one  hundred  speciea  Of 
these,  sixty-one  are  new  forms,  and  forty -two  had  not  as  yet  been  recog- 
nized in  our  Tertiary  flora,  though  published  from  other  countries.  The 
large  number  of  new  species  is  explained  in  coDsidering  the  age  of 
the  formation  where  most  of  them  have  been  obtained ;  that  id,  in 
strata  which  pertain  to  the  Lower  Eocene  at  Golden  and  at  Black 
Butte.  The  flora  of  this  formation  is  as  yet  little  known  to  Europeaa 
paleontologists. 

Considered  merely  in  a  botanical  point  of  view,  a  number  of  these 
new  species  of  ours  are  of  marked  interest.  In  the  class  of  the  Lichens 
one  species,  Opegrapha  antiqua^  is  the  first  of  this  family  which  has  been 
found  as  yet  in  the  old  Tertiary  formation..  Eight  species  of  Lichens 
have  been  mentioned  by  Goppert  as  recognized  in  the  amber,  and  three 
upon  the  bark  of  Lignitic  wood  of  the  Upper  Tertiary  of  Germany,  bat 
none  of  them  have  been  described,  apparently  on  account  of  the  in- 
suffieiency  of  specific  characters.  These  are,  however,  recognizable  in  the 
Black  Butte  species.  This  discovery,  together  with  that  of  two  spedes 
of  SpJieria  and  one  of  Sclerotium  in  the  same  Eocene  formation,  proves 
that  the  scarcity  of  fossil  cryptogamous  plants  of  a  lower  order  does  not 
indicate  the  absence  of  these  vegetables  at  the  former  epochs,  but  is 
due  to  the  maceration  which  soon  destroys  the  soft  cellular  tissue  of 
these  plants.  In  the  ferns,  the  list  reports  from  South  Park  one  species 
of  Ophioglosium,  a  fine  genus  which  was  as  yet  known,  in  a  fossil  state, 
by  a  single  species  from  the  Upper  Tertiary  of  Italy.  In  the  Conifers 
we  have  a  new  Sequoia^  whose  relation  to  Sequoia,  gigantea,  the  Cali- 
fornia big  tree,  is,  by  its  leaves  at  least,  more  intimate  than  that  of  any 
fossil  species  of  this  genus ;  a  Thuya  which  claims  our  T.  o€cidetUali$f 
not  as  a  relative,  but  rather  as  a  mere  variety ;  then  an  AbieSj  which 
comes  to  our  Abies  Canadensis  in  about  the  same  degree  of  affinity. 
These  three  species  belong  to  the  Green  Biver  or  Upper  Tertiary  forma- 
tion. From  the  Lower  Eocene  we  have  twa  species  of  the  same  genus 
AbieSj  whose  characters  are  at  variance  with  those  of  any  species  of  Coni- 
fers known  as  yet,  either  living  or  fossil.  One  species  of  Salisburia,  & 
polymorphaj  already  known  from  specimens  of  Vancouver  Island,  merits 
also  to  be  remarked  among  the  Tertiary  Coniferous  species  as  positively 
fixing  the  Eocene  age  of  the  Lignitic  of  that  island.  In  the  Olumacea 
the  Lower  Eocene  has  a  fine  species  of  Carexy  0.  Berthoudiy  found  with 
its  seeds;  in  the  Palms,  new  species  of  Sabal  and  FlabeUaria;  in  the 
Spadiciflorcd  two  stems,  CauUnites^  with  their  fruits,  all  from  Golden  and 
Black  Butte.  Higher  still  in  the  vegetable  series  we  note  a  splendid 
Myricaj  M.  Torreyiy  with  its  seeds;  the  bracts  of  Betula  Stevensoni;  a 
peculiar  form  of  oak,  Quercus  platania^  Heer,  with  a  variety  distinct 
enough  to  be  considered  as  a  species ;  a  number  of  new  species  of  FUus, 
one  represented  with  leaves,  branches,  and  fruits ;  a  Coooolobaj  .three 
new  forms  of  Viburnum^  one  of  them  exposing  by  its  numerous  leaves 
and  its  fructifications  the  characters  of  three  species  of  our  present  flora; 
leaves  of  Cissus  and  VitiSj  of  AsiminOy  DombeyapsiSy  SapindaSy  BhamnuSy 
Cassiay  &c.,  all  represented  by  numerous  and  well-preserved  specimens. 
With  the  leaves  some  still  more  remarkable  fruits,  CarpoUtesj  whose 
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affinity  is  ankown  as  yet ;  especially  that  from  E vanston — 0,  araehioides — 
represented  by  bancbes  of  fractification  resembling  the  common  pea-n^at« 

The  exposition  of  the  general  characters  of  oar  Tertiary  flora,  as  indi- 
cated by  the  nomenclature  of  a  number  of  its  species,  is,  however,  far 
less  interesting  and  important  than  the  documents  furnished  by  the 
table  for  definitively  solving  the  question  of  the  age  of  the  formations 
which  the  vegetable  remains  represent.  I  shall  now  use  these  documents 
especially  as  a  final  summary  of  the  arguments  in  favor  of  the  assertion 
that  the  Lignitic  of  the  Bocky  Mountains  is,  in  its  whole,  an  Eocene 
formation. 

1st  No  section  is  marked  in  the  table  for  the  comparative  distribu- 
tion of  the  Cretaceous  flora,  for  the  good  reason  that  it  represents  the 
same  group  of  the  Cretaceous,  and  that  as  yet  not  a  single  one  of  its 
spedes  is  recognized  as  identical  or  even  positively  allied  to  any  of  our 
Eocene. 

2d.  The  table  has  in  the  Eocene  division  a  number  of  fucoids  or  ma- 
rine plants,  eight  species;  and,  too,  a  proportionally  large  number  of 
palms,  all  vegetables,  which  are  not  only  homologous  or  identical  in 
ibrms  to  fossil  species  of  the  European  Eocene,  but  which,  taken  alto- 
gedier,  constitute  two  groups  characteristic  of  the  Lower  Tertiary,  and 
of  which  not  a  single  representative,  as  yet,  has  been  found  in  connec- 
tion with  a  true  Cretaceous  formation. 

3d.  The  same  may  be  said  of  some  species  marked  in  the  same  di- 
Tision;  one  FerUy  one  Myrica^  one  QuercuLSj  one  Cassia^  &c.,  identical 
with  species  admitted  in  Europe  as  positively  Eocene. 

4th.  Of  the  species  enumerated  from  the  Baton,  Golden,  Black  Butte, 
and  Spring  Canon,  a  large  number  are  allied  to  Eocene  species,  as,  for 
example,  Cinnamomum  affine^  C,  mississvpiense^  species  of  FUms,  of  Cearuh 
^us,  DomheyopsiSj  &c.,  and,  considered  in  its  essential  groups,  Ficvs^  Lavr 
fv^,  Ciiimam(ym.um^  Viburnum^  Gissus^  Magnolia^  Dombeyopsis^  SapinduSj 
BMmnnSj  Juglans^  Cassia^  &c.,  the  whole  flora  bears  a  facies  which,  if 
not  positively  comparable  to  that  of  the  European  Eocene,  on  account 
of  the  scantiness  of  this  flora,  has,  however,  a  marked  analogy  to  that 
of  the  Lower  Mfocene.  As  the  characters,  either  separately,  for  a 
nmnber  of  species,  or  generally,  in  considering  the  facies  of  the  groups, 
are  identical  in  all  the  strata  which  we  have  considered  as  Eocene,  it  is 
evident  that  neither  Black  Butte  nor  any  other  locality  can  be  separated 
as  from  a  different  epoch^  and  that,  therefore,  no  member  of  the  Amer- 
ican Lignitic,  as  far  as  this  formation  is  known  by  its  vegetable  remains, 
can  be  referred  to  the  Cretaceous.  An  exception  to  this  conclusiwi 
is  claimed  for  two  localities,  Bear  Eiver  and  Coalville,  wherefrom  no 
fossil  remains  of  land-plants  have  as  yet  been  obtained.  But  I  do  not 
see  bow  the  separation  could  be  made  for  strata  which  contain  an 
abniidance  of  Eocene  fucoidal  remains,  and  whose  thick  deposits  of  lig- 
nite indicate  evidently,  for  the  time,  a  land  formation  of  exactly  the  same 
nature  as  that  of  the  other  localities.  The  lignite  matter,  indeed,  by 
its  degree  of  decomposition,  its  chemical  compounds,  all  its  characters, 
hears  evidence  of  its  origin  by  the  same  kind  of  land  vegetation,  and, 
therefore,  of  its  contemporaneity.  On  another  side,  the  North  Ameri- 
can Eocene  is  considered  by  European  paleontologists,  from  the  char- 
acter of  its  flora,  as  related  to  the  Miocene  formation.  It  is,  therefore, 
convenient  to  look  further  into  the  documents  offered  by  the  table  in 
legard  to  this  last  opinion. 

.  The  proportion  of  species,  of  what  is  considered  our  Miocene  flora,  as 
marked  in  the  first  three  sections,  is,  with  that  of  the  Arctic,  11^  per 
cent  J  of  the  European  Miocene,  39  per  cent.    Our  Upper  Eocene  has 
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13^  per  cent,  of  its  species  in  common  with  Alaska,  20f  per  cent,  with 
the  Arctic  flora,  40  per  cent,  with  the  Miocene ;  and  our  Lower  Eocene 
has  only  8^  per  cent,  of  its  species  in  common  with  the  Alaska,  10|  per 
cent,  with  the  Arctic,  and  25  per  cent,  with  the  European  Miocene. 
Or  counting  the  species  of  Alaska,  Arctic,  and  Miocene  of  Europe  as 
Miocene,  the  relation  of  the  American  Tertiary  flora  with  this  forma- 
tion of  Europe  is,  for  the  Miocene,  47f }  the  Upper  Eocene,  57^,  and 
for  the  Lower  Eocene,  37  per  cent. 

This  comparison,  somewhat  unreliable  on  account  of  the  gi'eater  or 
less  degree  of  affinity  of  a  few  species,  may  be,  however,  admitted  in 
full  confldence  for  our  purpose,  and  proves  that  the  flora  which  we  con- 
sider as  representing  our  Miocene,  that  of  Green  Elver,  Elko,  and  South 
Park,  does  not  bear  to  that  of  Europe  a  marked  analogy  by  its  forms. 
These,  indeed,  appear  of  younger  type,  more  intimately  related  even  by 
identity  to  species  of  our  time.  The  flora  of  the  groap  marked  as  Upper 
Eocene  has,  per  contra^  the  greatest  analogy  to  that  of  the  European 
Miocene  by  the  identity  of  its  most  common  species  of  Populus^  QtiercuSj 
UlmtiSj  Betula,  PlatanuSj  Fagus,  &c.  It  may  be  that  farther  researches 
may  force  a  separation  of  this  group  from  the  Eocene,  though  as  yet 
there  is  no  apparent  line  of  division,  either  in  the  measures  or  in  the 
distribution  of  the  flora.  I  believe  that  the  discrepancy  is  merely 
apparent,  resulting  from  and  indicating  a  precedence  in  time  of  our 
botanical  types  over  those  of  Europe.  This  fact  has  already  been  re- 
marked upon  in  considering  the  flora  of  the  Carboniferous  formations, 
and  it  becomea  the  more  evident  as  the  history  of  the  old  vegetable 
world  is  better  known.  The  relation  of  the  Lower  American  Eocene  to 
the  Miocene  of  Europe,  37  per  cent.,  does  not  indicate  a  difference  more 
marked  than  could  be  expected  between  the  flora  of  two  members  of 
the  same  formation;  and  the  difference,  too,  is  becoming  more  and 
more  definite,  and  wdl  continue  in  the  same  way  as  far  as  the  acquaint- 
ance with  our  fossil  flora  is  more  intimate.  The  most  common  spedes 
of  fossil-plants  are  not  only  found  over  wide  areas,  and  therefore  col- 
lected from  all  the  explorers,  and  in  numerous  specimens ;  but  they  pass 
through  the  different  stages  of  the  formations..  The  first  researches 
bring  them  to  view  from  everywhere ;  the  selection,  however,  becomes 
more  discerning  and  exclusive  in  proportion  to  the  amount  of  materials 
supplied  for  comparison. 

On  the  question  of  the  distribution  of  Tertiary  fossil  species  in  regard 
to  climatic  circumstances,  the  table  does  not  show  anything  more  than 
what  has  been  observed  from  that  of  the  former  report.  The  relation 
of  our  Upper  Eocene  flora  with  that  of  Alaska  and  Greenland  is  weU 
defined,  while  the  vegetable  types  of  the  Lower  Eocene  are  rather  trop- 
ical than  Arctic.  It  is  then  possible  that  the  characters  which  I  have 
considered  as  resulting  from  climatic  influences  have  a  relation  to  differ- 
ence of  age  of  the  formations.  .  If  it  is  the  case,  we  may  expect  to  find 
the  flora  of  the  Lower  Eocene  with  the  same  southern  types  from  Van- 
couver Island  to  the  Mississippi,  while  the  Arctic  facies  may  predomi- 
nate in  the  Upper  Eocene  from  Greenland  to  the  same  southern  latitude. 

This  important  question  of  the  regulation  of  Tertiary  groups  of  vege- 
tables according  to  their  geological  stations,  or  to  climatic  influences, 
cannot  be  settled  without  long  researches.  Some  species  of  the  Lower 
Eocene  appear  to  have,  with  types  of  the  present  flora  of  Cuba,  a 
relation  which  has  not  been  recognized  before.  Such  are  forms  of 
Flabellaria  and  Calamapsis  ;  Myrica  Torreyiy  compared  to  a  Lomafia  ;  a 
group  of  McuSy  represented  by  Fi^ma  planicostata^  F.  ClintonL  JP.  «p«?} 
tabilis,  F,  corylifolia; — Cmus  luevigatuSjAleurites  Foceni€ajQ,nd  tne  group 
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of  Rhamni;  R.  obevatuSj  B,  Glebumi^  B,  Ooldianus^  &c.,  >¥ith  mnltinerve 
leaves  comparable  to  those  of  some  Bridelia.  The  poiuts  of  analogy 
are  not  precise ;  they  are  merely  recorded  for  directing  further  researches. 

Description  of  species  of  fossil-plants  from  the  Cretaceous  of  Kansas. 

The  specimens  from  which  the  following  species  are  described  were 
obtained  by  myself  froth  two  localities:  Ist.  From  nine  miles  above 
Salina,  in  the  Salina  Valley,  where  I  wa«  kindly  directed  by  Professor 
B.  F.  Madge,  of  Manhattan  College.  2d.  From  six  miles  south  of 
Fort  Barker,  where  specimens  of  fossil-plants  are  found  in  abundance, 
bnt  over  a  limited  area.  This  locality  was  discovered  and  first  explored 
by  Mr.  Charles  Sternberg,  who  resides  in  the  vicinity,  and  who  a  few 
years  ago  presented  fine  specimens  from  it  to  the  Smithsonian  Institu- 
tion. Some  of  these  specimens  have  been  previously  used  for  descrip- 
tion, especially  of  SassafraSj  there  represented  in  a  multitude  of  forms. 
The  vegetable  remains  ai-e  found  at  both  these  places,  as  also  east  of 
Fort  Barker,  in  a  hard,  more  or  less  soft-grained,  shaly,  red,  ferruginous 
sandstone,  a  member  of  the  Dakota  group  of  Messrs.  Meek  and  Hayden. 
The  nnmt)er  of  specimens,  generally  fine,  is  large,  proportionally  to  the 
nnmber  of  species  which  they  represent. 

ZONARITES  DiaiTATUS,  Brgt. 

Frond  flat,  dichotomons,  branches  of  the  same  size  or  broader  than 
the  main  axis,  diverging  in  acute  angles,  linear,  entire,  obtuse,  slightly 
enlarging  upward. 

The  divisions  or  branches  of  this  species  are  somewhat  broader  than 
in  the  specimen  figured  and  described  by  Brougniart,  Yeg.  Foss.,  p.  Gl, 
PL  ix,  Fig.  1.  The  whole  frond,  as  preserved,  is  9  cent,  long,  its  base 
dightly  narrowed,  the  divisions  1  cent,  broad,  the  angle  of  divergence 
aboat3(P. 

I  have  already  remarked  that  the  relation  of  this  form  to  other  kinds 
(^  vegetables  is  not  as  yet  ascertained,  Schenk  considering  it  as  a  fern. 
This  supposition  is  inadmissible  on  account  of  the  conqection  of  these 
remains  with  animal,  deep  marine  fossils.  I  am  even  uncertain  if  it 
represents  a  vegetable  form,  and  would  rather  consider  it  as  a  sponge. 
It  has,  indeed,  a  punctate  or  perforated-like  suiface,  an  appearance 
which,  however,  may  be  caused  by  the  porous  compound  of  the  stone. 
I  found  it  about  100  feet  above  the  red  shale  of  the  Dakota  group  in  a 
shaly  limestone  especially  formed  of  large  shells  of  the  Fort  Benton 
group. 

• 

Hymenophyllum  Cretaceum,  sp.  nov. 

Frond  linear-lanceolate,  bipinnately  divided ;  pinnae  slender,  from  a 
narrow,  stnooth,  convex  rachis  5  wedge-form,  erect,  alternately  lobed. 

The  lobes  are  small,  truncate  at  the  top,  cuneate  to  the  base,  the 
nervation  dichotomons,  one  branch  ascending  to  the  point  of  each  lobe. 
It  resembles  SpJienopteris  furcata^  Brgt.,  of  the  Carboniferous  measures. 
Sphenopteris  corrugate^  Newb.,  is  apparently  described  from  a  small  frag- 
ment of  this  specie^. — Fort  Harker. 

Gleighenia  KuRRiAiiA  (?)  Hecr,  Mol.  Fl.,  p.  6,  PI.  ii,  Fig.  3. 

Frond  pinnate;  pinnaB  linear,  long,  pinnately  lobed ;  pinnules  connate 
at  base,  aJteruate,  oblong,  obtuse;  nervation  pinnate ;  secondary  veins 
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alterDatOy  the  lower  ones  forking  above  the  middle,  the  upper  ones 
simple. 

Thoagh  this  form  is  very  much  like  that  published  by  Heer,  (loe. 
cit,)  from  the  Cretaceous  of  Moletin,  it  differs  in  some  points.  1.  The 
pinnules  are  connate  to  one-fourth  of  their  length ;  they  are  Iturger, 
more  obtuse,  and  the  secondary  veins  are  forked.  In  the  specimens 
from  Moletin,  the  pinnules  are  separated  to  the  base  and  have  no  trace 
of  secondary  veins.  A  small  specimen  published  by  the  same  author 
from  Quedlinburg,  PI.  i,  Fig.  3,  shows,  however,  the  pinnules  connate, 
as  in  the  American  form,  with  secondary  veins  figured  simple.  The  fn^- 
ment  indicates  a  smaller  form ;  not  separable,  however,  from  mere  differ- 
ence of  size.  I  consider  it,  therefore,  as  representing  the  same  species. 
As  Heer  has  figured  a  specimen  with  fructifications,  a  fructified  speci- 
men of  our  plant  may  decide  the  question  of  identity. — ^Fort  Harker. 

Sequoia  JBeiohenbachi,  Heer,  Mol.  EL,  p.  8,  PL  i,  Fig.  2-3. 

The  specimen  represents  a  cone  cut  vertically,  and  thus  exposing  a 
narrow  axis  on  which  are  attached  horizontally,  linear  or  narrowly  ovate 
receptacles,  attenuated  at  both  ends,*  containing  a  small  oblong  seed 
separated  by  foliaceous  scales.  The  form  of  the  cone  is  the  same  as  that 
of  both  those  which  are  represented  by  Heer's  figures,  (loe.  cit)  It  is 
only  slightly  longer  and  narrower,  and  the  receptacles  of  the  seeds  more 
closely  approached  to  each  other.  The  specimen  does  not  bear  any 
remains  of  leaves  of  Conifer,  but  small  round,  smooth  branches,  appar- 
ently referable  to  the  same  species. — Fort  Harker. 

Catjlinites  spinosa,  sp.  nov. 

Stem  or  branch  cylindrical,  1^  cent,  in  diameter }  its  surface  marked 
by  small  irregular  points  or  depressions,  resembling  scars  of  scales ;  it 
bears  apparently  strong  spines ;  one  of  them  is  marked,  going  out  of 
the  stem  at  right  angles.  Its  scars  are  left  in  round  holes  through  the 
stone.  The  spines  and  the  stem,  too,  enlarge  to  the  point  of  attach- 
ment.— Fort  Harker. 

LiQUiDAMBAR  iNTEGRiFOLius,  Lsqx.,  Amcr.  Jour.  Sci.  and  Arts,  July, 

1868,  p.  93. 

I  found  at  Saliua  three  leaves  of  this  species.  They  vary  in  size,  and 
also  in  the  more  or  less  pointed  form  of  the  lobes,  and  in  their  direction, 
one  specimen  showing  the  lower  divisions  turned  downward  rather  than 
horizontal. 

PopuLiTES  fagifolia,  »p.  nov. 

Leaf  elliptical,  entire,  subcoriaceous,  tapering  from  the  middle  to  a 
slightly  obtuse  point,  narrowed  to  a  thick  petiole;  pinnately  veined ; 
secondary  veins  numerous,  parallel,  craspedodrome. 

The  thick  petiole  is  broken  near  the  base  of  the  leaf,  which  tapers  to 
it.  The  general  form  is  that  of  Fopulus  mutabilis^  the  leaf  being  en- 
larged in  the  middle,  and  tapering  upward  and  downward  about  in  the 
same  degree.  It  is  10  cent,  long,  8  cent  broad,  with  eight  pairs  of 
secondary  veins,  the  lower  ones  dividing  outside,  all  the  veins  and 
divisions  entering  the  borders.  The  leaf  is  thickish  but  not  quite 
coriaceous. — ^Fort  Harker. 
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POPtJLITES  SALINiE,  Sp.  nOV. 

Leaf  large,  tbickish^  membranaceons,  smootb,  broadestneartbebase, 
truncate  or  sabcordate,  narrowed  into  an  obtnse  point,  five-nerved  from 
its  base ;  borders  regularly  andalately  lobed. 

A  splendid  leaf,  preserved  entire  except  the  petiole.  It  is  12  cent 
wide,  only  10  cent,  long,  triangalar  in  oatline,  with  the  base  subcordate 
and  the  borders  regularly  obtusely  nndulate-lobed.  The  nervation  is 
in  five  primary  veins  from  the  base,  all  much  divided,  passing  with  the 
principal  divisions  to  the  point  of  an  obtnse  lobe,  anastomosing  with 
thick  perpendicular  uervilles.  The  medial  nerve  is  pinnately  divided 
from  above  tlie  middle  in  three  pairs  of  secondary  veins.  This  form  is 
remarkable,  and  unlike  any  leaf  known  to  me ;  it  has,  however,  a  dis- 
tant relation  to  the  leaf  published  as  Acer  ohtusilobumj  (t)  Ung.,  in 
Amer.  Jour.  Sci.  and  Arts,  July,  1868,  p.  100.  Another  specimen  refer- 
able to  this  6X)ecies,  but  broken,  indicates  the  leaf  as  coriaceous,  and 
has  the  nervation  more  distinct,  much  like  that  of  a  Platanus.^SalinsL 
VaUey. 

POPULITES  AFPINIS,  8p.  n. 

Leaf  round-quadrangular,  thicki$h,  membranaceous,  rounded  to  the 
petiole,  abruptly  narrowed  to  a  short  point,  with  undulate-dentate 
Dorders ;  nervation  pinnate,  craspedodrome. 

This  leaf  is  much  like  the  one  which  I  have  described  as  Populites 
cyclophylla,  (?)  Heer,  in  Amer.  Jour.  Sci.  and  Arts,  July,  1808,  p.  93,  dif- 
fering^  however,  by  its  square  form,  its  nndulately  distantly  dentate 
borders,  its  secondary  veins  less  numerous  and  more  divided.  The 
flbrillsB  are  distinct  and  the  areolation  alike. — Salina  Valley. 

Ficus  Steenbeegui,  sp.  n. 

Leaf  large,  thick,  coriaceous,  entire,  broadly  oval,  obtusely  pointed,  (!) 
(point broken,)  tapering  to  the  petiole;  nervation pinnate,thick,  coarse, 
camptodrome.' 

The  leaf,  destroyed  in  part,  measures  about  16  cent,  in  length,  9  to  10 
cent,  in  width,  has  entire  undulate  borders  and  the  nervation  of  a  Fious. 
The  lowest  secondary  veins,  from  a  distance  above  the  base,  are  oppo- 
site, ascend  in  a  more  acute  angle  than  the  upper  ones,  (six  pairs)  which 
are  alternate  and  niore  distant  from  the  basilar  pair,  all  much  divided  by 
tertiary  veinlet^,  or  thick  fibrillse,  anastomosing  in  bows  along  the 
borders. — Fort  Harker. 

Sassafeas  Ceetaoeous,  Newb. 

I  have  studied  this  form  upon  a  large  number  of  specimens,  especially 
at  Fort  Harker,  where  it  is  predominant.  It  varies,  in  the  size  of 
the  leaves,  from  4  to  14  cent,  long,  without  counting  the  petiole, 
i?b\ch  is,  according  to  the  size  of  the  leaves,  from  3  to  5  cent.  long. 
Two  forms  are  especially  recognizable  as  varieties,  with  intermediate 
characters :  one  with  narrower,  more  pointed,  less  diverging  lobes;  the 
other  with  broader,  more  obtuse,  more  diverging  divisions.  The  nerva- 
tion is  the  same,  generally  deep  and  coarse ;  the  borders  are  more  or  less 
i&arked  with  a  few  short  teeth,  especially  on  the  lower  sides  of  the 
lateral  lobes*  The  following-described  forms  may  be  considered  as 
species,  not  only  on  account  of  their  characters,  but  also  from  their 
local  distribution : 


424  QEOLOGICAL   SURVEY   OF  THE   TEfiRITOSIES. 

t 

Sassapbas  Mubgh,  Lsqx.,  Amer.  Jour.  Science  and  Arts,  Jaly,  1868, 

p.  99. 

The  description  is  right.  This  species  is  found  at  SaJina  only.  I  have 
not  seen  it  represented  by  specimens  from  Fort  Harker. 

Sassafbas  hibabilis,  9p.  nov. 

Leaves  large,  coriaceous,  three-lobed,  lobes  diverging  nearly  in  right 
angles  to  the  medial  nerve,  proportionally  short,  obtuse  ^  nervation  very 
thick.  « 

Beside  the  large  size  and  broader  lobes  of  the  leaves,  the  species  dif- 
fers by  the  lobes  of  the  leaves  being  more  or  less  deeply  cut  or  undulate- 
dentate,  with  obtuse  teeth.  I  have  an  entire  leaf  of  this  species,n)easnr- 
ing23cent.  broad,  16  cent,  long,  without  the  petiole,  which  is  6  to  7  cent, 
in  length.  Though  the  nervation  is  of  the  same  type  as  in  S.  cretuceus. 
the  primary  veins  are  twice  as  large,  the  lateral  curving  outside  ana 
diverging  from  the  medial  one.  It  has  somewhat  the  appearance  of 
leaves  of  Plaianus.  It  is  apparently  an  incomplete  specimen  of  this 
kind  which  has  been  named  and  described  as  Platanus  latiloba  by  Dr. 
N"ewberry. — Fort  Harker. 

Sassafbas  obtxjsxjs,  Lx. 

Leaves  small,  obtusely  and  equally  three-lobed  to  below  the  middle ; 
cuneate-narrowed  to  the  lohg  petiole ;  lobes  oblong,  very  obtuse ;  nerva- 
tion trifid  from  above  the  base. 

The  leaves  of  this  species  are  proportionally  small,  of  a  thinner  sub- 
stance, with  secondary  veins,  narrow,  straight,  ascending  to  the  border  of 
the  lobes,  and  secondary  veins  thin,  mostly, camptodrome,  parallel.  In 
one  specimen  the  lateral  lobes  are  cut  in  one  short,  obtusely-pointed 
lobe,  entered  by  one  of  the  secondary  veins ;  but  in  all  the  other  speci- 
mens the  secondary  veins  are  mostly  camptodrome,  simple,  and  the  lobes 
entire.  In  report  1871,  p.  303,  I  considered  this  species  as  the  same  as 
the  leaf  which  I  had  named  Fopulites  Salisburiw/olia  in  Amer.  Jonm. 
Science  and  Arts,  July,  1868,  p.  94.  It,  however,  differs  by  the  more 
marked  and  diverging  entire  obtuse  lobes,  and  by  the  secondary  camp- 
todrome nervation.  In  this  new  species  of  Sassafras  the  lateral  second- 
ary veins  are  pinnately  marked  on  both  sides  of  the  veins.  In  PopulUes 
Salisburicefolia  the  lateral  veins  divide  on  the  outside  only. — Solina 
Valley. 

Sabsafbas  begxjbyatus,  sp.  nov. 

Leaves  of  medium  size,  thick,  coriaceous,  enlarged  upward,  divided  to 
below  the  middle  in  three  lanceolate-pointed,  loog  lobes,  the  extern^ 
ones  scythe-shaped  outside,  three-nerved  from  the  point  of  the  petiole. 

Somewhat  like  the  small  forms  of  8*  miroMlis,  differing  evidently, 
however,  by  narrower,  longer,  obtusely-pointed  lobes,  by  the  primary 
nervation  from  the  top  of  the  petiole,  and  by  the  lateral  veins  dividing 
near  the  base  in  two  nearly  equal  strong  branches,  one  ascending  to  the 
point  of  the  lobes,  the  other  following  the  border  and  anastomosing  in  a 
curve  with  the  upper  secondary  veins.  Sometimes  this  outer  division 
of  the  lateral  veins  seems  to  curve  backwards  and  enter  another  inferior 
lobe.  But  this  appeareme  is  remarked  only  upon  one  specimen  broken 
at  the  sides,  and  whose  form  can  merely  be  surmised  from  the  direction 
of  the  veins. — Fort  Harker. 


GEOLOGICAL  SUKVEY  OF  THE  TEEEITORIES.       425 

Sassapbas  Habkeblana,  9p.  nor. 

Leaves  proportionally  small,  thick,  coriaceous,  cnneiform,  or  narrowed 
to  the  petiole,  round-truncate  from  ab.ove  the  middle,  threelobed,  with 
obtasely-x)oiated,  very  short  lobes,  and  nndalate-dentate  borders  be- 
tween them. 

The  leaves  are  thicker  and  larger  than  in  &  obtusus^  9  cent,  broad  and 
as  long,  thxee-nerved  from  above  the  base,  deeply  veined ;  the  secondary 
veins  camptodrome,  except  a  few,  which  pass  into  short  teeth  between 
the  lobes. 

Laueophylltjm  betiotjlattjm,  «p.  nov. 

Leaves  long,  linear-lanceolate,  thick,  coriaceous,  entire,  tapering  to  a 
thick,  short  petiole ;  medial  vein  broad,  secondary  veins  open,  numerous, 
anastomosing  in  an  irregular  reticulation  from  above  the  base  \  campto- 
drome. 

These  leaves  resemble  those  of  some  species  of  Laurus  by  their  form, 
their  texture,  and  the  thick  medial  nerve ;  the  nervation,  however,  is 
of  a  different  type.  The  secondary  veins  numerous,  close  to  each  other 
at  unequal  distance,  often  intermixed  with  shorter  veins,  curve  and 
anastomose  from  near  the  base  in  irregularly  polygonal  small  meshes, 
ascending  with  their  ramifications  to  the  borders,  and  curving  along 
them.  Professor  Heer  has  in  his  Flora  of  Moletin  a  species  Myrtophyt 
lum  Oeiniizi^  which  has  the  same  form  of  leaves,  but  adifferentnervation, 
the  upper  end  of  the  veins  following  the  borders  and  uniting  as  a  kind 
of  marginal  veinlet.  This  character  is  not  remarked  in  our  leaves,  of 
which  I  have  many  specimens  with  distinct  nervation. 

It  is  remarkable,  that  this  Cretaceous  Flora  of  Moletin,  which  is 
known  as  yet  by  eighteen  species,  has  one  Aralia^  one  Credneria,  one 
Oleiekeniay  and  one  Sequoia^  or  four  species,  which  are,  if  not  identical, 
at  least  intimately  related  to  species  of  our  Cretaceous. 

All  the  specimens  of  this  species  are  from  Fort  Harker. 

Platanus  Hebu,  Lsqx.,  Eept.  1871,  p.  303. 

Beside  the  form,  whose  characters  have  been  described,  there  is  from 
Balina  a  leaf  preserved  entire,  which  differs  by  more  acute  lobes  and  its 
apparently  membranaceous  consistence. 

Ptebospebmites  quadbatus,  Lsqx.,  Kept.  1871,  p.  301. 

A  number  of  specimens  from  Fort  Harker,  varying  in  size,  confirm 
the  description  of  this  fine  species.  The  undulations  of  the  leaves  ap- 
pear more  generally  as  short,  distant  teeth,  entered  by  the  point  of  the 
secondary  veins  and  their  divisions. 

Ptebospebmites  STEBNBEBon,  9p.  nav. 

Leaves  large,  thick,  coriaceous,  ovate,  tapering  into  an  obtuse  point, 
round  cordate  at  base  ^  borders  entire,  or  slightly  undulate. 

A  splendid  leaf,  23  cent,  long,  20  cent,  broad,  deeply  pinnately  nerved; 
fieeondary  veins  more  open  than  in  the  former  species,  with  two  or  three 
pairs  of  simple,  smaller  basilar  veinlets,  inclined  downward,  or  at  right 
ftngle  from  the  medial  nerve ;  the  other  10  to  11  pairs  above  are  parallel, 
tlie  lowest  branching  twice,  the  upper  ones  simple,  all  craspedodrome. 
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This  species,  like  the  former,  are  referable  to  the  genus  CreAneria^  one 
species  of  which,  Credneria  Leconteana^  Lsqx.,  is  related  to  this.  The 
description  of  Credneria  Leoonteanay  as  given  in  Amer.  Joar.  ScL 
and  Arts,  July,  1868,  p.  98,  answers  exactly  the  description  and 
figure  of  Credneria  macrophylla,  Heer,  in  Mol.  Fl.,  p.  16,  PL  4.  Only 
one  of  the  basilar  veinlets  is  marked  on  my  figure  of  this  species,  rep- 
resenting our  best,  though  incomplete,  specimen;  but  the  descrip- 
tion remarks  the  position  of  two  lower  secondary  pairs  of  nerves,  as 
observed  from  other  specimens,  and  whiGh.  indicate  the  essential  character 
of  tlie  leaves  of  the  genus  Credneria. — Fort  Harker. 

Pterospermites  Haybenh,  Lsqx.,  llept  1871,  p.  302. 

A  good  specimen  of  this  species  has  been  found  at  Fort  Harker.  It 
answers  in  every  point  the  description  of  this  species,  Zoo.  cit. 

Pterospermites  rugosus,  «p.  nov. 

Leaves  rather  small,  coriaceous,  rough  and  wrinkled  on  the  surface, 
triangular  oblong  in  outline,  truncate  obtuse  to  the  base,  obtusely 
pointed,  medial  nerve  very  thick,  overlapped  at  its  base  by  the  undulate 
borders. 

The  leaves  vary,  at  least  in  our  specimens,  from  9  to- 12  cent,  long 
and  6  to  9  cent,  broad.  The  nervation  is  that  of  the  genus,  three  pairs 
of  thinner  basilar  veins  passing  horizontally,  or  in  a  downward  direc- 
tion, to  the  borders.  The  secondary  veins  above  are  thick,  emerging  at 
an  open  angle  of  divergence  from  the  medial  nerve,  branching  outside 
and  curving  upward  in  ascending  to  the  point  of  an  obtuse  lobe,  or  the 
enlarged  middle  of  the  leaves.  The  strong  nervilles,  deeply  impressed 
into  the  stone,  give  to  the  leaves  of  this  species  a  peculiar  appearance. — 
Salina  Valley. 

CONCLUSION. 

From  this  enumeration  of  Cretaceous  fossil-plants,  it  appears  that  in 
the  twenty-three  mentioned  species,  fourteen  are  considered  as  new ; 
three  as  identical  with  some  ones  already  described  from  Europe,  but 
not  as  yet  discovered  in  our  Cretaceous  strata^  and  six  have  been  for- 
merly described  from  the  same  Dakota  group.  It  is  thus  an  addition 
of  seventeen  species  to  the  American  Cretaceous  flora,  which  now  has 
about  one  hundred  and  twenty  so-called  species. 

The  remarks  made  in  the  first  part  of  this  paper,  in  regard  to  the 
analogy  of  some  vegetable  forms  of  our  Cretaceous  with  those  of  plants 
of  our  time,  and  also  of  the  Miocene  flora  of  Europe,  are  rather  con- 
flrmed  than  eliminated  by  the  descriptions  of  these  species.  They  rep- 
resent especially  forms  of  Sassafras,  Pterospermites,  Populites,  with  i^- 
uoia  Beichenbachi,  two  ferns,  &c.  Considering  the  relation  of  the  Cre- 
taceous groups,  enough  has  been  said  already  in  this  and  in  the  former 
report.  I  wish  only  to  record  once  more  the  geological  evidence  afforded 
by  the  remarkable  .disconnection  of  the  American  Cretaceous  flora  from 
that  of  the  Eocene.  Both  these  formations  are  now  represented  by  a  num- 
ber of  species  large  enough  for  a  reliable  comparison,  which,  made  by  any 
palaeontologist,  proves  that  there  is  not  a  single  species,  either  identic^ 
or  in  intimate  relation,  in  both  the  Cretaceous  and  the  Eocene  flora  of  our 
continent.  Even  that  fucoidal  plant  described  as  Fucoides  digitatus,  is 
not  related  whatever  to  any  of  the  marine  species  described  from  the 
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Bocene  sandstone,  though  the  characters  of  marine  vegetables  appear 
to  have  been  preserved  somewhat  longer  in  the  series  of  geological  divis- 
ions. Snch  a  total  discordance  of  types  cannot  be  supposed  for  a  flora 
of  a  same  period,  not  even  for  members  separated  by  a  great  thickness 
of  strata.  Most  of  the  genera  of  animal  fossils,  aud  a  large  number  of 
species,  too,  are  represented  in  all  the  Cretaceous  divisions,  from  the 
lowest  member  to  the  base  of  the  Eocene.  In  the  Tertiary  formations 
the  vegetable  types  represented  by  most  of  the  genera,  and  by  a  large 
number  of  species,  too,  are  recognized  identical  in  the  whole  extent  of 
the  measures.  The  same  remark  can  be  applied  to  the  vegetable  and 
animal  remains  of  all  the  formations.  It  is,  then,  judicious  to  admit  as 
a  conclusion,  that  such  a  marked  disconnection  of  the  typical  character 
of  a  whole  flora  is  a  positive  evidence  of  a  new  geological  period,  and 
that,  therefore,  the  whole  Lignitic  of  the  Eocky  Mountains  is,  from  the 
base  of  the  fucoidal  sandstone,  a  Tertiary-Eocene  formation. 
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Note. — ^Tbe  author  was  prevented  by  sickness  from  superintending 
the  printing  of  this  report,  and  is  under  obligations  to  others  for  the 
reading  of  the  proof. 
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GENERAL  REMARKS. 

SILXJBIAN  AGE. 

East  side  Oallatin  River^  &c. — All  of  the  Silurian  fosails  collected  by 
the  survey  y  daring  the  explorations  of  1872,  evidently  came  from  compara- 
tively near  the  base  of  the  system.  The  specimens  from  the  east  side 
of  Gallatin  River,  above  Gallatin  City,  Montana,  were  collected  from 
four  subdivisions.  Those  from  the  lowest  or  fonrth  sabdivisioii,  (nam- 
bering  from  above,)  are  few,  and  in  a  fragmentary  condition.  Among 
tbem  we  have  one  of  those  curions  bodies  formerly  sometimes  called 
bilobites,  apparently  under  the  erroneous  supposition  that  they  havesome 
^relations  to  the  Crustacea  known  as  trilobites,- though  they  are  now  gener- 
ally regarded  as  marine  plants,  and  designated  by  the  generic  name  CruZ' 
lana,  d'Orbigny,'(Rusophycus,  HaH.)  Along  with  this  fossil  were  found 
imperfect  specimens  of  lAngula^  or  LinguleinSy  Canocoryphey  Batkyumsy 
&c.,  which,  when  taken  together,  point  to  a  rather  low  position  in  the 
series,  especially  in  view  of  the  forms  that  occur  in  the  succeeding  sub-* 
divisions  above. 

From  the  third  and  second  subdivisions,  occurring  successively  above, 
we  have  the  genera  Acrotreta^  Hyolithes^  Agnostus^  ConocorypJw^  Batky- 
urusy  &c.,  a  group  of  types  which,  in  the  present  state  of  paleontological 
science,  could  hardly  be  expected  to  occur  together^  higher  in  the  series 
than  the  Quebec  group  of  the  Canadian  survey.  And,  when  we  take 
into  consideration  the  entire  absence  among  these  collections  of  any 
type  elsewhere  peculiar  to  any  higher  horizon,  and  the  fact  that  several 
of  the  species  are  closely  allied  to  forms  found  in  rocks  of  that  age,  we 
feel  quite  safe  in  referring  these  beds  to  the  Potsdam,  or  Primordial 
zone. 

Big  Horn  Mountain. — The  same  may  probably  be  said  of  the  rocks 
from  which  a  few  fragments  of  Conocoryphe  and  DiJcelocephalus  were 
collected  on  the  west  face  of  Big  Horn  Mountain. 

The  few  specimens  from  the  first  or  upper  of  the  subdivisions  at  the 
locality  referred  to  above  Gallatin  City,  are  in  a  fragmentary  condition, 
but  from  the  position  of  this  subdivision  above  the  others,  as  well  as 
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from  the  character  of  the  fossils,  and  the  similiarity  of  the  rock  in  texture 
and  composition  to  beds  to.  be  mentioned  below  at  another  locality  of 
the  age  of  the  Quebec  group,  it  probably  belongs  to  that  horizon. 

Malade  City. — The  collections  from  Malade  City,  Northern  Utah, 
iudnde  the  genera  Canierella,  Orthis,  EiMmphalus^  Agnostus.  Gonocoryphe^ 
Bathyurellus^  BathyuruSj  Asaphus^  and  perhaps  Dikelocephalus^  most  of 
which  are  common  to  the  Potsdam  and  Quebec  groups;  but  from  the 
affinities  of  most  of  the  species  and  the  actual  identity  of  others  with 
Quebec  forms,  it  appears  quite  clear  that  these  beds  belong  to  that 
horizon,  as  stated  by  Professor  Bradley  in  the  Am.  Jour,  of  Science. 
Two  of  the  species  of  Euomphalus^  for  instance,  seem  to  be  identical 
with  forms  described  by  me  some  time  back  amoug  Mr.  King's  collec- 
tions from  Muddy  Creek,  Utah,  and  referred  to  the  horizon  of  the  ^KTew 
.York  Calciferous  group;  generally  regarded  a«  representing  in  part,  at 
least,  the  Quebec ;  while  a  species  of  Camerella  and  one  of  Orthis  seem 
to  be  identical  with  Canadian  spex^ies  of  that  age. ,  Baihyurus  Saffordi^ 
a  Canadian  Quebec  species,  is  also  represented  among  these  collections 
by  specimens  agreeing  exactly  with  authentic  examples  of  the  same, 
sent  from  that  horizon  in  Canada.  Several  of  the  other  genera  are 
represented  by  species  most  nearly  allied  to  Quebec  forms. 

Flat-Read  Pass. — A  few  specimens  from  Flat-Head  Pass,  Montana, 
consisting  of  fragments  of  BathyurelluSj  and  perhaps  Dilcelocephalw. 
seem  also  to  be  of  the  same  age  as  the  above,  judging  from  the  occur- 
rence among  them  of  IHkelocephalua  t  truneatttSj  one  of  the  Malade 
species. 

OABBONIFEBOUS  AGE. 

Mystic  LaJcBj  &c, — ^The  fossils  from  the  outlet  of  Mystic  Lake:  Canon, 
east  side  of  Madison  Eiver;  Bridger  Peak,  near  Fort  Ellis;  Black- Tail 
Deer  Creek ;  north  side  Gros  Ventres  Butte ;  Flat-Head  Pass ;  north 
side  Henry's  Lake ;  and  Canon  west  of  Gallatin  Biver,  (all  in  Montana,) 
and  Camp  19,  Idaho,  all  evidently  came  from  the  same  geological  forma- 
tion, a  considerable  portion  of  the  species  being  common  to  several  of 
these  localities.  They  belong,  without  exception,  to  genera  that  are 
common  both  to  the  Carboniferous  and  Devonian,  while  a  smaller  pro- 
portion of  the  genera  are  also  represented  even  in  the  Silhrian.  That 
these  fossils  are  not  of  Silurian  age,  however,  is  obvious  at  a  glance ; 
but  as  most  of  the  species  are  either  new,  or,  owing  to  the  state  of  pre- 
servation of  the  specimens,*  not  in  a  condition  to  be  certainly  identi^ed 
with  known  forms,  almost  the  only  guides  we  have  in  determining 
whether  we  should  refer  them  to  the  Carboniferous  or  Devonian  are  the 
absence  of  certain  genera  and  the  general  specific  affinities  of  the  entire 
group  of  forms.  Some  of  the  Producti^  CkoneteSy  and  Spirifer  have 
rather  a  Devonian  look,  while  a  very  finely  striated  Hemipranites  is  very 
similar  to  some  of  the  Devonian  types  of  that  genus.  Even  the  form 
I  have  referred  to,  H,  crenistna^  is  quite  as  nearly  like  some  varieties  of 
H.  Gliemungemis  {Streptorhynchus  ChemungensiSj  of  the  4th  vol.  Paleont, 
1^.  T.,)  from  the  Chemung  and  Hamilton  groups  of  the  New  York 
Devonian,  as  it  is  like  the  Carboniferous  forms  of  H,  crenistria.  Ac- 
cording to  Mr.  Davidson  and  others,  however,  JT.  crenistria  occurs  in 
both  the  Carboniferous  and  Devonian  of  Europe,  while  the  New  York 
form,  jGT.  ChemungensiSy  differs  very  little  from  some  varieties  of  H.  cren- 
isiria  from  the  Carboniferous. 


*  These  collections  consist  mainly  of  separate  yalves  of  brachiopoids,  imbedded  in 
haid  limestone. 
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NotwitbstaudiDf^  tbe  resemblance  of  some  of  tbese  fossils  to  Devonian 
forms,  and  the  fact  that  scarcely  any  of  the  species  can  be  identified 
beyond  doabt  with  forms  pecnliar  to  the  Carboniferous,  I  must  regard 
the  whole  as  belonging  to  the  lower  part  of  the  lower  Oarbouiferons. 
It  is  extremely  improbable  that  in  a  collection  containing  so  many 
brachiopods  there  would  be  no  Atrypa,  StropJiodontay  Pentameroid,  and 
other  Devonian  and  older  types,  if  the  rock  belonged  to  the  Devonian. 
The  entire  absence  of  any  stricUy  Devonian  and  older  types  of  corals, 
crinoids,  Lamellebranchs,  &c.,  also  favors  the  conclusion  that  this 
formation  belongs  to  the  Carboniferous,  which  conclusion  is  also  sup- 
ported by  the  specific  affinities,  if  not  even  by  the  specific  identity,  of 
some  of  the  species  of  Sph  ifer^  ProductuSj  Clwnetes^  Betzia^  &c. 

In  looking  over  the  collections  from  these  localities,  I  have  been  im- 
pressed with  the  similarity  of  their  general  facies  (without  being  quite 
sure  that  any  of  the  species  are  identical)  to  the  fauna  of  the  Waverly 
group  of  Ohio,  now  known  to  belong  to  the  Carboniferous.  At  the 
same  time  that  I  would  refer  the  beds  from  which  these  fossils  were 
obtained  to  the  Carboniferous,  it  should  be  remarked  that  we  have  every 
reason  to  believe  that  they  belong  to  a  lower  horizon  in  the  series  than 
those  from  which  nearly  all  of  the  collections  from  "Old  Baldy,''  Mon- 
tana, were  obtained ;  also,  than  the  fossiliferous  beds  on  the  divide  be- 
tween Ross  Fork  and  Lincoln  Valley,  Montana. 

Lyon  Hill. — ^The  fossils  from  Lyon  Hill,  Ophir,  East  Canon,  Utah,  are 
of  Carboniferous  age,  but  it  is  not  possible  to  determine,  owing  to  the 
small  number  and  imperfect  condition  of  the  specimens,  the  particular 
horizon  in  that  system  to  which  they  belong. 

Swan  Valley. — A  few  specimens  from  Swan  Valley,  Idaho,  have  been 
placed  provisionally  in  the  Carboniferous  list,  but  they  are  very  frag- 
meutary  and  difficult  to  make  out,  and  may  belong  to  rocks  of  some 
other  age. 

Between  Ross  Fork  and  Lincoln  Valley. — The  species  fix>m  the  divide 
between  Rosa  Fork  and  Lincoln  Valley,  marked  with  an  asterisk  in  the 
list,  are  nearly  all  very  small  fossils,  and  occur  crowded  together  in 
such  great  nnmbers  that  all  the  specimens  in  the  collection  (including 
many  individuals  of  some  species)  were  broken  from  a  few  fragments  of 
tbe  matrix,  perhaps  altogether  not  more  than  one-tenth  of  a  cubic  foot 
iu  volume.  Some  seven  or  eight  of  the  thirty-two  or  thirty-three  species 
thus  found,  seem  to  be  iu  all  respects,  so  far  as  the  specimens  afford  the 
means  of  comparison,  identical  with  i'orms  occurring  at  the  celebrated 
S[)ergen  Hill  locality,  near  Bloomiugton,  Indiana,  while  five  or  six  others, 
if  not  more,  may  be  only  varieties  of  Spergen  Hill  species ;  and  nearly  all 
of  the  remainder  belong  to  genera  found  at  that  locality,  and  so  closely 
resemble  in  their  small  size  and  other  characters,  that  they  may  be  re- 
garded a«  representative  forms. 

The  occurrence  of  so  many  apparently  identical  and  representative 
species  of  such  a  peculiar  group  of  pigmy  forms,  all  crowded  together 
in  the  same  way,  at  these  two  widely  separated  localities,  is  certainly  a 
very  remarkable  and  interesting  fact ;  and  one,  too,  so  far  as  yet  known, 
without  a  parallel  in  all  of  our  American  rocks.  It  is  all  the  more 
curious  because  not  a  single  species  of  these  little  fossils  has  hitherto 
been  identified  from  any  intermediate  localitj^  west  of  Iowa  and  Mis 
soori,  and  even  there  the  few  species  that  have  been  found  generally 
occur  isolated  among  larger  species.  In  comparing  two  collections  of 
such  pecnliar  fossils  from  localities  so  remotely  separated,  many  inter- 
esting questions  bearing  on  the  geographical  distribution  of  species 
naturally  suggest  themselves.    Adopting  the  view  that  each  species,  in 

28  a  s 
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all  cases,  origioated  at  some  single  locality,  and  thence  distribated  itself 
over  the  world  wherever  we  now  find  its  remains,  and  admitting  that  a 
part  of  these  little  shells,  at  the  two  localities,  are  really  exactly  iden- 
tical,  specifically,  it  may  be  asked,  were  these  species  created  some- 
where in  the  bottom  of  the  old  Carboniferous  sea,  at  or  near  the  Indiana 
locality,  from  which  they  migrated  1,200  to  1,500  miles  to  the  northwest- 
ward ;  or,  was  the  reverse  the  direction  of  their  distribution  f  Such  ques- 
tions are,  of  course,  far  more  easily  asked  than  answered;  but  if  we  do 
not  admit  that  there  were  distinct  centers  of  distribution  for  species,  it 
woald  seem  more  probable  that  these  forms  originated  at  some  interme- 
diate point,  (where  the  strata,  containing  their  remains,  are  now  beneath 
thousands  of  feet  of  more  modern  rocks,)  and  migrated  thence  southeast- 
ward and  northwestward  to  the  two  remotely  separated  localities. 

Professor  Edward  Forbes  maintained  that,  to  find  the  same  gronp  of 
fossils  at  two  distantly  separated  localities,  as  in  this  case,  so  far  from 
proving  that  the  rocks  are  exactly  contemporaneous,  as  often  supposed, 
demonstrates  exactly  the  reverse ;  or,  in  other  words,  that  time  enough 
must  have  intervened  between  the  deposition  of  the  strata  at  the  two 
localities,  for  the  migration  of  the  species  of  fossils  through  all  the 
intermediate  distance.  How^cver  this  may  be,  there  is  little  reason  to 
doubt  that  in  such  cases  the  rocks  occupy  very  nearly  the  same  relative 
horizons  in  the  series  of  their  respective  districts,  whatever  may  be  the 
diftierences  between  their  actual  ages.  Hence,  I  regard  the  bed  from 
which  these  little  fossils  were  obtained  in  Montana  as  representing  the 
Saint  Louis  limestone  of  the  Lower  Carboniferous  series  of  the  Missis- 
sippi Valley,  to  which  horizon  the  Spergen  Hill  beds  are  known  to 
belong.  It  is  also  evident  that  the  physical  conditions  affecting  animal 
life  must  have  been  very  similar  at  these  localities  during  the  deposi- 
tion of  the  strata  in  which  these  fossils  occur,  although,  lithologically, 
the  rocks  are  quite  different,  that  in  Montana  being  a  bluish- gray,  some- 
what crumbling  semi-crystalline  limestone ;  while  that  at  Spergen  Hill 
is  a  light-colored  oolite  mass. 

"  Old  Baldy.^— The  collections  from  "  Old  Baldy,"  near  Virginia  City, 
Montana,  present  a  group  of  forms  that  could  only,  in  our  present  state 
of  knowledge,  be  referred  to  the  Lower  Carboniferous  series.  The 
presence  among  them,  however,  of  such  coal-measure  types  as  Athyris 
subtilita^  Pleurotomaria  sphcertdataj  Astartella  Ketcberryi,  &c.,  with  the 
affinities  of  other  species,  point  to  a  high  position  in  this  lower  series; 
while  the  occurrence  in  the  same  association  of  Pentremites  Oodoni  and 
iP.  symmetricus^  or  very  closely  allied  representative  forms,  together 
with  the  affinities  of  other  types,  show  that  their  position  is  that  of  the 
•Chester  beds  (or  possibly  of  the  Saint  Louis  limestone)  of  the  Mississippi 
Valley. 

A  single  species,  however,  Strophomena  analoga^  Phillips,  from  the 
same  locality,  would  indicate  that  lower  members  of  the  series  probably 
also  exist  there,  as  this  species,  if  I  remember  correctly,  is  not  known 
to  occur  above  the  horizon  of  the  Burlington  beds,  in  the  Carboniferous 
series  of  the  Mississippi  Valley.  There  is  thickness  enough,  however, 
of  Carboniferous  strata,  at  these  distant  northwestern  localities,  for  this 
whole  system  of  rocks  to  be  de^•eloped  there. 

The  collections  from  this  &nd  some  of  the  other  localities  in  Montana 
contain  the  first  specimens  of  the  genus  Pentremites  I  have  ever  seen 
from  any  localities  west  of  Missouri  and  Iowa. 

JURASSIC  AGE. 

Lotrer  Canon  of  Yellowstone. — The  collections  from  the  Lower  Caiion 
of  the  Yellowstone,  the  lower  beds  at  Spring  Canon,  and  those  from  the 
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Devil's  Slide,  Montana,  nre  evidently  all  of  Jurassic  age.  They  are 
nearly  all  bivalves,  and  belong  to  genera  that  also  occur  in  the  Creta- 
ceous, and  in  part  in  older  formations  than  the  Jurassic,  as  well  as  in 
more  modern  rocks  than  the  Cretaceous.  None  of  them  are,  beyond 
doubt,  identical  with  foreign  Jurassic  species ;  but  from  their  specific 
affinities  to  European  Jurassic  forms,  and  their  positive  identity,  in  a 
few  instances,  with  species  found  at  other  localities  in  the  West,  in  well- 
determined  Jurassic  beds,  as  well  as  from  the  entire  absence  among 
them  of  any  strictly  Cretaceous  types,  we  can  safely  refer  the  rocks  in 
which  they  occur  to  the  Jurassic. 

Spring  Canon. — The  few  specimens  from  the  upper  beds  at  Spring 
Caiion  are  probably  also  Jurassic  types,  but  the  number  and  condition 
of  the  specimens  scarcely  warrant  the  expression  of  a  positive  opinion 
on  this  point. 

Those  from  the  lower  beds  near  Fort  Hall,  Idaho,  although  all  belong- 
ing to  one  species,  evidently  came  from  a  Jurassic  rock ;  while  a  few 
casts  &om  the  up|>er  beds  at  the  same  locality,  also,  seem  to  belong  to 
the  same  epoch ;  but  the  specimens  being  all  casts,  cannot  be  satisfac- 
torily studied. 

CRETACEOUS  AGE. 

Coalmlle, — The  coal-bearing  rocks  at  Coalville,  Utah,  are  undoubtedly 
of  Cretaceous  age,  as  stated  by  Mr.  King  and  Mr.  Emmons,  and  as  was 
from  the  first  maintained  by  myself.  During  the  past  summer  I  had 
an  opportunity  to  examine,  personally,  this  interesting  locality,  and  to 
note  the  thickness,  order  of  si^ccession,  and  composition  of  the  great 
group  of  beds  exposed  there,  as  well  as  to  collect  and  study  a  large 
series  of  the  organic  remains  found  in  the  same.  -  From  these  observa- 
tions it  is  now  proposed  to  give,  below,  some  remarks  on  this  extensive 
series,  in  more  detail  than  has  hitherto  been  done.  Before  proceeding 
to  do  so,  however,  it  seems  desirable  that  a  few  words  should  be  said  in 
regard  to  what  has  been  already  published  respecting  the  geological  age 
of  this  formation,  as  there  would  at  least  appear  to  be  some  misappre- 
hensions on  this  point.  Perhaps  the  shortest  way  to  place  this  prelimi- 
nary information  before  the  reader  will  be  to  quote  from  Dr.  flayden's 
Beport  of  1870,  page  299,  the  following  paragraphs,  written  by  myself, 
on  this  coal  series,  in  a  paper  contributed  to  that  report : 

Some  of  the  specimeDS  from  near  Bear  River,  and  at  Coalville,  Utah,  from  a  light 
colored  sandstone,  containing  beds  of  a  fi^ood  quality  of  brown  coal,  appear  to  belong 
to  a  member  of  the  Cretaceous  series  not  corresponding  to  any  of  those  named  in  the 
Upper  Missouri  country,  though  it  is,  as  I  believe,  represented  by  a  similar  sandstone 
under  the  oldest  Estuary  Tertiary  beds  at  the  mouth  of  Judith  Kiver,  on  the  Upper 
Missouri.  In  1860,  Colonel  Simpson  brought  from  this  rock,  on  Sulphur  Creek,  a  small 
tributary  of  Bear  River,  in  Utah,*  several  casts  of  Inoceramus  and  other  fossils;  and 
in  some  remarks  on  Colonel  Simpson's  collection,  published  by  the  writer,  in  connection 
with  Mr.  Henry  Engelmaun,  the  geologist  of  Colonel  Simpson's  survey,  we  referred 
this  formation  to  the  CretaceouB.t  The  collections  that  have  been  brought  in  from 
Utah,  by  Mr.  King's  and  Dr.  Hay  den's  surveys,  confirm  the  conclusion  that  it  belongs 
to  the  Cretaceous,  as  they  contain,  among  other  things,  species  of  Inoceramus,  Anchura^ 
and  6v|ffx>de9— genera  that  seem  not  to  have  survived  the  close  of  the  Cretaceous  period. 
In  addition  to  this,  there  is  among  Dr.  Hay  den's  collections  from  this  rock,  at  Coal- 
ville, a  Turritella  that  I  cannot  distinguish  by  the  figure  and  description,  even  specifi- 
cally from  T,  Martinezen$i8,  described  by  Mr.  Gabb,  from  one  of  the  upper  beds  in  Call- 

•  This  locality  on  Bear  River  is  really  within  the  western  border  of  Wyoming, 
though  it  was  supposed  by  me  at  the  time  of  writing  this  paragraph  to  be,  like  Coal- 
vUW,  in  Utah. 

t  See  Proceed.  Acad.  Nat  Sci.,  Philad.,  1860. 
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fomia,  referred  to  the  Cretaceous.  A  Modiola  from  the  same  horizon,  also,  appears  to 
bo  specifically  identical  with  M,  PedemaliSf  of  Roemer,  from  the  Cretaceous  of  Texas. 
Dr.  Hayden  also  has,  from  a  little  above  the  coal-beds  at  Coalville,  specimens  of  Oftna, 
that  seem  much  like  O.  Idriaensia  and  O,  Breweriy  of  Gabb,  from  the  upper  beds  of  the 
California  Cretaceous.  As  no  other  fossils  were  found  directly  associated  with  these 
oysters,  however,  nor  any  marine  forms  above  them,  it  is  possible  that  they  may  be- 
long to  the  Lower  Tertiary. 

From  the  affinities  of  some  of  these  fossils  to  forms  found  in  the  latest  of  the  beds 
referred  in  California  to  the  Cretaceous,  and  the  intimate  relations  of  these  marine 
coal-bearing  strata  of  Utah  to  the  oldest  Tertiary  of  the  same  region,  and  the  apparent 
occurrence  of  equivalent  beds  bearing  the  srme  relations  to  the  oldest  brackish-water 
Tertiary  beds  at  the  mouth  of  Juditu  River  on  the  Upper  Missouri,  I  am  inclined  to 
believe  that  these  Coalville  beds  occupy  a  higher  horizon  in  the  Cretaceous  than  even 
the  Fox  Hills  beds  of  the  Upper  Missouri  Cretaceous  series ;  or,  in  other  words,  that 
they  belong  to  the  dosing  or  latest  member  of  ihe  Cretaceous. 

These  remarks  certainly  ought  to  make  it  clear  enoagh,  one  woald 
think,  that  I  regarded  the  coal-bearing  strata  at  Coalville,  Utah,  and 
near  the  mouth  of  Sulphur  Creek,  on  Bear  River,  Wyoming,  as  being 
of  Cretaceous  age.*  A  few  pages  further  on  in  the  same  report,  I  gave 
a  list  of  ail  the  fossils  collected  during  the  preceding  summer  by  Dr. 
Hayden's  party,  that  I  referred  to  the  Cretaceous  epoch.  In  this  list,  it 
will  be  seen,  I  placed  all  of  the  few  fossils  in  the  collections  then  under 
consideration,  from  the  coal  series  at  Coalville,  Utah,  and  Bear  River. 

In  making  out  the  Cretaceous  list  mentioned  above,  I  endeavored  to 
express,  by  a  number  opposite  the  name  of  each  species,  the  particular 
horizon  in  the  Cretaceous  series  of  the  Upper  Missouri,  to  which  the 
bed  that  contained  it  belongs.  This  I  fully  explained  on  page  289  of 
the  same  report  cited,  as  follows :  '^  The  numbers  1,  2,  3,  4,  and  5,  along 
the  right-hand  margin  of  the  list,t  opposite  the  localities,  show  to  which 
member  of  the  Upper  Missouri  Cretacfeous'  each  species  belong^  the 
subdivisions  of  the  Upper  Missouri  Cretaceous  having  been  severally 
pamed  and  numbered  from  below  upward,  as  follows:  No.  1,  Dakota 
group ;  No.  2,  Fort  Benton  group ;  No.  3,  Niobrara  division ;  No.  4, 
Fort  Pierre  group ;  and  No.  5,  Fox  Hills  beds ;  the  names  being  derived 
from  localities  where  the  several  formations  are  well  developed." 

In  accordance  with  this  plan,  I  assigned  each  species  in  the  list  to  its 
proper  horizon  in  the  Cretaceous,  series,  by  adding  after  the  locality, 
"Cret.  No.  1,"  "Cret.  No.  2,"  &c.,  according  to  its  position,  except- 
ing those  from  Coalville.  These  I  could  not  refer  to  their  precise 
horizon  in  the  Cretaceous,  because,  although  not  doubting  that  they 
belong  to  the  Cretaceous  system,  I  was,  as  already  explained,  in  doubt 
whether  the  beds  in  which  they  were  found  correspond  exactly  to  any 
of  the  recognized  subdivisions  of  the  Upper  Missonil  series,  being,  as 
stated,  rather  inclined  to  think  they  form  the  closing  member  or  divis- 
ion of  the  Cretaceous,  holding  a  position  above  the  horizon  of  No.  5  of 
the  Upper  Missouri  section.  Consequently,  in  order  to  give  expression 
to  this  doubt,  as  well  as  to  follow  out  the  system  of  notation,  I  placed 
opposite  each  of  the  species  from  Coalville,  and  the  coal-bearing  sand- 
stones at  Bear  River,  the  words  "  Cret.  No.  t  ^  meaning  thereby, 
of  course,  that  I  was  in  doubt  whether  these  beds  corresponded  exactly 
with  any  particular  one  of  the  recognized  subdivisions  of  the  Upper 
Missouri  series ;  which,  it  should  be  remembered,  only  represents  a  part 
of  the  whole  Cretaceous  system. 


*  Another  quite  distinct  formation  at  the  Bear  River  locality,  containing  a  peculiar 
croup  of  fresh  and  hrackish  water  types  of  fossils,  all  entirely  different  from  forms 
tound  in  the  marine  beds  containing  the  valuable  beds  of  coal  there,  was  refernd  by 
mo  provisionaUy  to  the  lower  Eocene. 

t  These  numbers  were  placed  on  the  right-hand  margin  of  the  list  in  the  MS.,' but 
are  not  exactly  so  in  the  list  as  printed. 
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lu  reading  over  the  last  proof  of  this  list,  it  occurred  to  me  that  pos- 
sibly the  query  alter  the  words  "Oret.  No.F  might  be  misunder- 
stood as  intended  to  express  a  doubt  in  regard  to  the  Cretaceous  age  of 
these  species.  Consequently,  I  struck  out,  with  a  pencil,  the  abbrevia- 
tion "Oret.,^  leaving  it  simply  "No. f"  after  each  of  these  species. 
Bat  afterward  I  thought  there  could  certainly  be  no  misunderstanding 
CD  this  point,  with  the  accompanying  explanations,  and  made  an  effort 
to  mb  out  the  pencil-markings  I  had  made  in  the  proof.  The  printer, 
however,  being  misled  by  the  soiling  of  the  paper,  did  not  understand 
what  I  want^,  and  instead  of  leaving  it  "  Cret.  No.  f  ^  in  all  these 
cases,  only  left  it  so  after  one  species ;  while,  after  another,  he  struck 
oat  "Cret.,''  leaving  it  merely  "  No.  f  ";  after  two  others  he  struck  out 
the  abbreviation  "  No.f  "  leaving  it  "  Cret.,  f  "  and  after  two  others  he 
struck  it  all  out. 

In  regard  to  the  two  Coalville  species,  by  mistake  of  the  printer,  left 
with  only  ^^Oret.  f "  after  them,  I  admit  that  it  might  appear,  to  one 
glancing  hastily  over  the  list  without  reading  the  remarks  and  explana- 
tions on  the  preceding  pages  of  the  same  report,  that  I  had  intended  to 
express  doubts  respecting  their  Cretaceous  age.  It  certainly  seems  to 
me,  Jiowever,  that  any  person  reading,  with  even  a  moderate  degree  of 
attention,  my  remarks  and  explanations  respecting  this  list,  and  the 
iige  of  the  Coalville  and  Bear  River  coal-bearing  strata,  in  the  same 
report,  ought  to  understand  that  I  did  not  question  the  fiEict  of  these 
bcMls  belonging  to  the  Cretaceous  system. 

Again,  in  giving  a  list  of  the  Cretaceous  fossils  collected  by  Dr.  Hay- 
den's  party,  at  various  localities  during  the  summer  of  1870,*  in  his  re- 
port Of  1871,  pages  375  and  376, 1  placed  in  it  a  few  additional  forms 
from  Coalville,  nearly  all  of  which  are  entirely  distinct  from  any  I  had 
before  seen  from  there,  or,  indeed,  from  any  other  locality.  These  are 
mainly  casts  in  hard  arenaceous  rock ;  and  as  I  had  little  or  no  time 
then  to  work  out  and  study  them,  1  merely  placed  them  in  the  Creta- 
ceous list,  without  specific  names,  and  with  a  mark  of  doubt  in  regard 
to  the  genera  to  which  five  of  them  belong.  1  explained,  however,  in 
the  accompanying  remarks,  that  I  regarded  them  as  Cretaceous  species, 
giving  my  reasons  for  so  doing. 

I  have  been  somewhat  particular  in  giving  the  foregoing  statement 
of  formerly  published  opinions  respecting  the  age  of  the  rocks  under 
consideration,  because  the  question-marks  used  in  the  lists  mentioned 
have  been  alluded  to  as  if  they  had  been  used  to  express  doubts  in  regard 
to  the  Cretaceous  age  of  the  coal-bearing  rocks  at  Coalville  and  other 
localities  in  this  region ;  and  my  opinion  on  this  subject  has  been  con- 
sequently treated  as  if  so  vague  and  undecided  that  it  was  not  even 
necessary  for  any  one,  subsequently  arriving  at  the  same  conclusion  in 
regard  to  the  Cretaceous  age  of  any  of  the  coals  of  this  region,  even  so 
much  as  to  allude  to  it.t 

Having  thus  briefly  cleared  away  some  misapprehensions  in  regard  to 
what  has  been  well  known  for  some  years  past  reHi)ecting  the  Cretaceous 
age  of  the  coal-deposits  of  Coalville,  Utah,  and  at  Bear  River,  Wyoming, 

*It  BhoDld  be  remembered  that  each  of  these  lists  only  inclndes  the  coUcctions 
brooght  in  from  the  explorations  of  the  preceding  summer^  and  that  they  were  not  in- 
tended to  include  fdl  oi  the  known  species  that  had  previously  been  found  in  the  same 
bcds^  at  the  same  localities. 

t  See  a  paper  ou  the  existence  of  Dlnosauria  in  the  transition  beds  of  Wyoming,  by 
Prof.  Edward  D.  Cope,  read  before  the  Am.  Philosophical  Society,  1872;  also.  Remarks 
on  the  Geology  of  Wyoming,  by  Prof.  Edward  D.  Cope,.  Proceed.  Acad.  Nat.  Sci.  Philad., 
December,  1B72,  page  27D. 
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I  will  proceed  to  describe  in  detail  the  varioas  beds  composiDg  the  great 
thickness  of  strata  exposed  at  and  near  Coalville ;  also  to  explain  their 
order  of  succession,  the  nature  of  the  organic  remains  found  in  each,  &c 

In  order  that  these  remarks  may  be  the  more  readily  understood,  the 
accompanying  section  has  been  prepared,  from  observations  made  at 
the  locality  during  the  past  summer.  It  runs  from  the  principal  coal- 
bed  near  Coalville,  in  a  northwesterly  direction  to  Echo  Canon,  a  dis- 
tance, by  a  right  line  a  little  obliquely  across  the  strike  of  the  rocks,  of 
perhaps  three  to  three  and  a  half  miles. 

It  may  be  proper  to  explain  here  that  the  beds  were  not  always  found 
well  enough  exposed  to  afford  absolutely  exact  measurements  of  their 
thickness,  while  the  elevations  of  the  ridges  crossed,  as  well  aa  the 
breadth  of  intervening  valleys,  were  merely  estimated.  Another  sec- 
.tion  across  the  same  outcrops  on  a  different  line,  even  at  no  great 
distance  from  that  of  the  section  here  given,  would  probably  not  agree 
in  minor  details,  because  the  beds  are  liable  to  vary  in  thickness  and 
composition  at  different  localities  in  this  series  of  rocks.  The  heavy 
beds  of  harder  sandstone  are  more  persistent,  and,  as  might  be  expected, 
generally  more  exposed  than  those  of  softer  material.  Those  of  soft, 
decomposing  sandstones,  shales,  clays,  &c.,  more  frequently  form  slgpes, 
and  consequently  are  more  apt  to  l)e  covered  and  obscured  by  loose 
earth.  In  some  cases  we,  therefore,  had  no  other  means  of  determining 
the  nature  of  the  strata  occupying  such  spaces,  than  by  examining  the 
disintegrated  surface  materials,  and  a  few  small  projecting  ledges. 
Hence  some  of  these  spaces  that  appeared  to  be  occupied  by  clays  or 
shales,  with  only  a  few  intercalations  of  sandstone,  may  be  mainly  or 
entirely  made  up  of  soft  sandstones,  or  alternations  of  the  same  with 
clays  and  shales.  Again,  it  is  an  important  point  to  be  remem.bered, 
that  there  may  be  other  beds  and  seams  of  coal,  in  addition  to  those 
represented  in  the  section,  because  these  coals  generally  occur  in,  or 
are  connected  with,  clays  and  shales,  or  other  soft  beds  such  as  are  most 
frequently  hidden  from  view. 

A  mile  or  so  in  a  southeasterly  direction  from  Sprigg's  mine,  situated 
directly  in  Coalville,  coal  has  been  found  in  one  or  two  openings  not 
more  than  about  forty  feet  above  the  valley  of  Weber  River ;  and  the 
bed  or  beds  have  been  by  some  supposed  to  hold  a  lower  position  in 
the  series  than  the  main  coal  (division  5)  of  our  section.  The  locality 
of  these  openings,  with  relation  to  the  known  position  and  dip  of  the 
main  bed,  would  certainly  indicate  for  them  a  lower  horizon  in  the  se- 
ries, and  they  may  possibly  belong  lower ;  but  from  all  the  appearance 
at  these  excavations,  (which  had  partly  fallen  in  at  the  time  of  our 
visit,)  I  have  the  impression  that  this  coal  is  merely  a  portion  of  the 
same  bed  thrown  out  of  its  natural  horizon  with  relation  to  the  rocks 
represented  in  the  section,  by  the  same  powerful  forces  that  upheaved 
and  tilted  all  of  the  strata  of  this  region.  We  did  not  see  more  than 
five  or  six  feet  of  this  coal  tdxposed,  but  it  is  overlaid  by  a  sandstone 
similar  to  that  forming  the  roof  of  the  main  bed  at  Sprigg's  mine  in 
Coalville,  and  seemed  to  correspond  in  other  respects,  excepting  in  show- 
ing a  (probably  local)  reversed  dip. 

Between  this  locality  and  the  lowest  beds  represented  in  the  section, 
as  they  are  seen  nearly  at  Coalville,  there  is  a  space  not  well  exposed  at 
any  points  examined,  and  consequently  we  did  not  determine  the  thick- 
ness and  nature  of  the  beds  occupying  the  same. 

Commencing,  then,  with  the  lowest  strata  represented  in  the  section 
on  the  right,  and  describing  the  beds  in  ascending  order ^  we  have  the 
following  series: 
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BBGTION   FROM    ABOUT    IJ    MILES    NORTHEAST    OF    COALVILLE,  IN  A 
NORTHWESTERLY  DIRECTION,  TO  ECHO  CAIJON. 


ajsc 


}^ 


'•v«: 


I 


S 


••  Ft.    In. 

«  No.  1.  Thin  beds  and  seams  of  sandstone  and 
^  clays,  reddish  and  gray  below,  with  some 
«         pebbly  beds  near  the  middle,  and  whitish 

*  and  lightgray  soft  sandstones  and  clays 
above.... 120    0 

No.  2.  Yellowish  and  reddish  sandy  clays 43    0 

*  No.  3.  Alternations  of  light-gray  and  yellowish 
sandy,  more  or  less  laminated,  clays,  and 
beds  and  thin  layers  of  sandstone,  with 

^  InoceramuB  problematicmj  Cardium  subcur- 
tum^  Lucina^  Maerodon^  Modiola  multilini' 
^  gera.Aroopagia  UtahensiSj  Corbula^  Martesiaj 
^  and  many  other  bivalves;  with  Neritina 
pisum^  Turritella  Coalvilletisis^  Eulimafuni- 
„         cuius,  Fu9U8  (Neptuneat)  Gahhi,  Melampus, 

&c.,&e 160    0 

No.  4.  Light-grayish  and  ash-colored  clays,  with 
^         occasional  beds  and  seams  of  sandstones, 

altogether  from  60  to  80  feet 80    0 

No.  5.  Heavy  bed  of  good  coal,  said  to  vary  from 

11  to  13  feet  in  thickness ' 13    0 

-  2  No.  6.  Yellowish-gray  sandstone  forming  roof 
^   1^  s   •     of  eoal,  and  containing  Ostrea  soleniscus  (f) 

%  T  1         and  Inoceramus 25    0 

"  No.  7.  Dark-colored  (nearly  black)  clay  with  Jn- 
s         oceramtis  problematieu8 ;  varying  from  60  to 

8         100  feet  in  thickness 100    0 

No.  8.  Space  mainly  covered  where  examined, 

but  apparently  occapied  by  clays  and  soft 

^         sandstones,  altogether  perhaps  80  to  100 

feet  in  thickness 100    0 

No.  9.  a.  Massive  whitish  and  yellowish  sand- 
stones, with  casts  and  impressions  of 
a  peculiar  Fucoid,  Avi<yula^  Cardium^ 
Trapezium,  &c.,  45  feet. 
b.  Yellowish  sandstone  with  many  bi- 
vlaves,  26  feet, 
t;  e.  Massive  whitish  sandstone,  with  Avi- 

cula,  Tellina,  &c.,  &c.,  30  feet 100    0 

No.  10.  Yellowish  and  light-gray  clays,   with 

some  beds  and  layers  sandstone 80    0 

No.  11.  a.  Reddish,  sandy,  and  pebbly  clays, 
not  well  exposed,  20  to  30  feet. 

b.  Conglomerate,  10  to  15  feet. 

c.  Bright  yellow  sandstone;  Amculagas- 
trades,  Cardium,  Tellina,  Arcapa- 
gia,(t)  Oyrodes,  CypiHmera  isonema, 
Gyrodes  depressa,  Fusus  (Neptuneaf) 
Utaliensis,  &c.,  &c.,  50  to  60  feet. 

*  d.  Heavy,  massive,  whitish  sandstone, 
with  Ostrea  soleniscus,  Cardium,  &c., 
70  to  80  feet .190    0 
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No.  12.  a.  Clays  and  sandstones ;  the  latter  in  thin  layers,  55 
feet. 

6.  Light-gray  and  yellowish  clay,  20  feet 75   0 

Ko.  13.  a.  Gray  conglomerate  and  sandstone,  42  feet. 

b.  Light-yellowish  and  grayish  clays  and  pebbly  sand- 
stones, 40  feet. 

c.  Conglomerate,  12  to  15  feet 172   0 

Ko.  14.  Valley ;  no  good  exposnres,  but,  probably,  mainly  shales 

and  clays 600   0 

No.  15.  Alternations  of  shale  and  sandstone 37   0 

No.  16.  Coal 2    6 

No.  17.  Alternations  of  dark-blnish  fire-clay,  shale,  gray  clay, 
and,  more  or  less,  soft  sandstone.  Numerons  fresh  brackish 
water  and  marine  types  of  fossils  mingled  together,  such  as 
Anotnia,  Inoceramus^  UniOy  Oardiumj  Cyrena  Carltoni^  Neri- 
Una  Bannisterij  Neritina  (Dostia  f)  bellatula,  iT.  fD.fJ  car- 
ditiformis,  Eulima  chrysalis^  E,  inconspictta^  Ttirritella  fspiro- 

nemaj  Melampus  antiquusj  Phyaa,  Valvata,  &c.,  &c 48   0 

No.  18.  a.  Coal,  (Carltons  bed,)  3  feet  to  3  feet  4  inches. 
6.  Coal  and  black  shale,  1  feet  2  inches. 

e.  Coal,  1  foot 5   6 

[There  may  be  a  space  here  of  50  to  60  or  more  feet,  occupied 

by  unknown  beds.] 
No.  19.  Great,  massive,  light-grayish  and  yellowish  sandstone, 

estimated  at  220  feet 220    0 

No.  20.  Gray  sandstone  and  sandy  clays,  with  numerous  Ostrea 

soleniscm 14    0 

No.  21.  Sandstones  and  clays 85    0 

No.  22.  Valley,  showing  at  places  sandstones  and  sandy  clays, 

estimated  thickness 600   0 

No.  23.  Light-colored  sandstones  and  clays 90   0 

No.  24.  Gray,  soft    sandstone,   with    many  large  Inoceramu8j 

Ostrea^  Cardium^  &c 30    0 

No.  25.  Gray  sandstones  and  clays 18    0 

No.  26.  Whitish  sandstones  and  sandy  clays,  with  fragments  of 

Oatrea  lying  loose  on  surface  of  slope    150    0 

No.  27.  Soft,  light-gray,  coarse  sandstone,  with  some  pebbles    23    0 

No.  28.  Valley,  no  rocks  exposed,  300  to  380 380   0 

No.  29.  Soft,  decomposing,  light-gmy,  coarse  sandstone,    and 

conglomerate 200    0 

No.  30.  Eeddish-brown  conglomerate,  with  local  streaks,  and 
thin  beds  of  soft,  whitish  sandstone,  500  to  600  feet  thick- 
ness    600    0 

No.  31.  Whitish,  soft,  coarse  sandstone,  with  more  or  less  peb- 
bles      60    0 

No.  32.  Great  Echo  Caiion  conglomerate,  (brownish  tinge,)  com- 
posed of  pebbles,  bowlders,  and  sandstone,  700  feet  or  more  700    0 

By  footing  up  this  long  list  of  subordinate  beds,  it  will  be  seen  that, 
if  there  are  no  faults  or  down-throws  along  the  line  of  observation,  there 
would  be,  including  the  great  conglomerate  near  the  mouth  of  Echo 
Caiion,  and  about  390  feet  of  beds  below  the  main  11  to  13  foot  co^,  an 
B'ggregate  of  some  4,680  feet  of  strata  embraced  in  the  section.  As 
already  explained,  however,  it  is  not  pretended  that  the  details  of  this 
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Bection  have  been  worked  oat  with  the  degree  of  precision  attainable 
by  instrumental  observatioD,  the  main  object  in  constructing  it  being 
merely  to  illustrate  approximately  the  position  and  vertical  range  of 
lossils  with  relation  to  the  coal-beds,  and  to  give  a  general  idea  of  the 
lithological  characters  of  the  series.  It  should  be  stated,  however,  that 
the  dip  and  estimated  distance  across  the  strike  of  the  strata  would 
indicate  even  a  greater  thickness  than  the  sum  of  the  individual  beds 
observed. 

The  dip  of  the  beds,  including  the  main  coal  (5)  toward  the  lower 
part  of  the  section,  seemed  not  to  differ  much  from  about  8^  to  10^  below 
the  horizon,  to  the  northwestward ;  but  it  increases  gradually  in  that 
direction,  so  that  at  the  fourth  ridge  it  is  about  25^.  Between  this 
ridge  and  the  mouth  of  the  canon  we  observed  no  marked  change  of 
dip,  though  there  appeared  to  be  a  slight  unconformability  between  the 
conglomerate  and  the  lighter  colored  beds  below  at  this  place;  and  this 
nnconformity  is  more  obvious  at  other  points  near  here ;  while  farther 
up,  near  the  head  of  the  canon,  it  is  very  strongly  marked,  the  discord- 
ance being,  according  to  Mr.  Emmons,  as  much  as  25^. 

Unfortunately,  we  have  no  means  of  ascertaining  the  precise  distance 
by  an  air-line  traversed  by  the  section,  the  linear  survey  of  the  Coal- 
ville township  not  yet  being  completed.  If  we  estimate  the  distance  at 
three  miles,  and  the  mean  dip  at  17^,  however,  it  would  give  a  thick- 
ness not  materially  greater  than  the  aggregate  of  beds  noted  in  the 
section.  If  the  distance  should  be  as  much  as  three  and  a  half  to  four 
miles,  however,  the  difference  would  be  so  great  as  to  warrant  the  con- 
clusion that  we  have  overestimated  the  dip,  or,  what  is  much  more 
probable,  underestimated  the  breadth  of  some  of  the  valleys  between 
the  ridges,  and  consequently  the  thickness  of  strata  hidden  beneath  the 
same.  As  evidences  of  horizontal  displacements  of  some  of  the  ridges, 
however,  were  observed,  it  is  possible  that  the  discrepancy  may  be,  in 
part  at  least,  accounted  for  in  that  way.* 

Mr.  Emmons  gives  in  Mr.  King's  report  about  6,000  feet  as  the  entire 
thickness  of  the  Cretaceous  series  here,  exclusive  of  the  Echo  Canon 
conglomerate,  which  is  apparently  Tertiary.  But  I  infer  that  he  includes 
in  this  estimate  a  considerable  thickness  of  lower  strata  £ftrther  up 
Weber  Eiver  than  our  examinations  extended. 

All  of  the  lower  beds  forming  divisions  1  to  6,  inclusive,  of  this  section 
are  seen  in  a  low  hill,  or  rising  space,  directly  on  the  southeastern  mar- 
^n  of  Coalville,  flexed  around  so  as  not  to  conform  to  the  general  dip 
and  strike  of  the  strata  between  this  vicinity  and  Echo  Canon ;  their 
strike  being  nearly  north  and  south,  and  their  dip  nearly  westward, 
some  140  below  the  horizon.  About  two  miles  to  the  northeastward, 
hoirever,  and  at  a  higher  elevation,  coal-mines  have  been  opened  on  the 
main  bed  forming  No.  5  of  the  section,  that  show  this  bed  and  the  over- 
lying sandstone  and  other  strata,  conforming  there  with  the  general  dip 
and  strike  of  the  beds  between  there  and  Echo  Canon.  Between  these 
luines  and  Coalville,  the  highly  fossiliferous  strata  forming  the  division 
^0. 3,  which  we  know  properly  holds  a  position  below  the  main  coal- 
bed,  ooeuT  some  hundreds  of  feet  north  of  a  right  line  between  these 
mines  and  the  coal-mine  directly  at  Coalville,  in  the  same  bed ;  thus 

*  Along  GrasB  Creek  we  observed  some  cnrioaB  indications  of  lateral  displacements. 
Thie  creek  cuts  ver^'  obliqaely  through  some  of  the  ridges,  which  do  not  correspond  on 
opjpocite  sides.  That  is,  the  ends  of  the  ridges  on  opposite  sides  of  the  creek  do  not 
comcide  exactly,  those  on  one  side  ending  opposite  intervening  valleys  between  those 
on  the  other,  as  if  there  had  been  a  fracture  along  the  course  oAhe  creek,  and  a  lateral 
displacement  of  the  strata  on  one  or  both  aides  of  the  same. 
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appeanng  an  if  they  really  hold  a  higher  horizou  in  the  series  than  the 
main  coal  (5)  of  the  section.  At  this  place  these  more  fossilil'eroos  beds 
are  seen  in  a  ridge,  abutting  directly  against  the  lighter-colored,  more 
massive  sandstones  of  division  9,  forming  the  first  ridge.  In  foUowiiig 
this  ridge  along  in  a  southwesterly  direction  we  come  suddenly  to  a 
point  where  the  more  massive,  lighter-colored  sandstones  of  division 
9  end,  and  we  pass,  almost  by  a  single  step,  upon  the  thinner,  more  fw- 
silifeious  layers  of  division  3 ;  the  two  divisions  coming  as  abruptly 
together  as  if  their  strata  had  been  sawed  off  and  pla^d  end  to  end 
against  each  other.  Here  the  strike  of  the  strata  of  these  two  divis- 
ions is  nearly  the  same,  and  the  dip  also  of  both  is  northwestward,  bat 
those  of  division  3  dip  at  a  somewhat  higher  angle  than  division  9. 

This  lateral  displacement  of  portions  of  these  lower  strata  is  very 
puzzling,  and  had  led  to  the  conclusion  that  they  belong  above  the 
horizon  of  the  main  coal.  We  were  so  fortunate,  however,  as  to  find 
them  cropping  out  at  points  within  a  mile  to  the  southeastward  of  the 
coal-mine  in  the  main  bed,  directly  at  Coalville,  readily  recognizable  by 
their  characteristic  fossils  and  lithological  characters,  and  yet  clearly 
dipping  under  the  division  4,  which  was,  in  the  same  way,  traced  along 
the  outcrops  to  where  it  is  distinctly  seen  to  dip  under  the  main  coa^, 
directly  at  Coalville.  There  can,  therefore,  be  no  question  whatever  io  * 
regard  to  these  beds  holding  a  position  beneath  the  main  coal-bed; 
that  is,  the  lowest  coal  represented  in  the  section  here  given. 

The  determination  of  the  position  of  these  beds  beneath  this  coal  is 
a  matter  of  some  little  interest,  because  it  shows  that  in  viewing  this 
series  in  the  ascending  order,  we  start  with  a  succession  of  highly  fos 
siliferous  beds,  containing  a  group  of  forms,  among  which  we  recognize 
the  Cretaceous  and  older  genus  Inoceramusj  represented  by  the  well- 
known  Cretaceous  species  i.  problematicus.  The  other  fossils  found  in 
these  beds  seem  to  be  all  new  species,  though  several  of  them  are  on- 
distinguishable  from  forms  found  in  the  beds  far  above  the  main  coal. 
The  Turritella  and  Modiola,  from  this  locality,  that  I  at  one  time  thought 
probably  identical  with  Cretaceous  species  from  California  and  Texas, 
came  from  these  beds ;  and  although  later  comparisons  have  satisfied 
me  that  they  are  new  species,  they  are  certainly  very  closely  allied  to 
the  Cretaceous  forms  with  which  I  had  compared  them. 

Although  nearly  all  the  fossils  from  these  beds  are  certainly  marine 
types,  a  few  of  them,  such  for  instance  as  two  or  three  species  of  Nere- 
Una  and  one  of  Melampv^,  indicate  that  screams  of  fresh  water  proba- 
bly flowed  into  the  sea,  bay,  or  inlet  in  which  the  marine  forms  lived, 
from  close-lying  land,  during  the  deposition  of  these  rocks. 

The  local  displacement  of  portions  of  the  lower  beds  of  the  section  at 
Coalville,  mentioned  above,  doubtless  caused  the  impression  at  one  time 
entertained,  that  the  dark-colored  clay  ^division  7  of  the  section)  con- 
taining Inoceramtis  prohleniatictiSj  and  pernaps  fragments  of  Ammamie^ 
seen  in  some  of  the  excavations  there,  probably  held  a  position  beneath 
the  main  coal,  (division  5.)  An  inclined  shaft,  however,  in  course  of 
excavation  directly  at  Coalville,  during  the  past  summer,  demonstrates 
in  the  clearest  and  most  satisfactory  manner  that  its  position  is  above 
the  horizon  of  the  sandstone  forming  the  roof  of  this  coal,  as  the  shaft 
passes  first  down  through  some.  50  or  more  feet  of  this  clay  before  it 
strikes  the  sandstone  immediately  over  this  coal.  Large  quantities  of 
this  clay  were  observed  lying  near  the  top  of  the  shaft,  when  we  were 
at  the  locality,  and  numerous  specimens  of  Inoceramua  problematic^ 
were  to  be  seen  in  it. 

Of  course  no  attempt  has  been  made  to  illustrate,  in  the  accompany- 
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)Dg  section,  this  fault  and  local  displacement  of  the  lower  beds  of  the 
same,  observed  here  at  Coalville,  because  the  fracture  runs  so  nearly 
parallel  to  the  section  that  it  could  not  be  done. 

At  one  place  on  the  southeastern  side  of  the  first  ridge,  almost  ex- 
actly at  the  point  where  the  fault  already  mentioned  crosses,  some  coal 
wasfound  in  a  drift  excavated  into  the  side  of  the  hill,  i)erhaps  80  to  90 
feet  above  the  horizon  of  Weber  Valley.  As  this  coal,  however,  was 
soon  found  to  en<l  abmptly,  on  following  it  in,  it  is  probably  only  a  de- 
tached portion  of  the  main  bed,  (5,)  thrown  that  far  out  of  its  natural 
position  with  relation  to  the  other  strata,  by  the  fault  cutting  through 
the  whole.  As  suggested  by  Mr.  Emmons,  however,  it  could  certainly 
be  found  again  at  a  lower  position  on  the  same  side  of  the  ridge,  pro- 
vided the  search  should  be  made,  on  the  northeastern  side  of  the  line  of 
fracture.  Its  i)ositiou,  however,  on  the  other  side  of  the  fault,  would 
be  on  the  opposite  or  northwestern  side  of  the  ridge,  since  that  end  of 
the  ridge  is  com})osed  of  beds  really  belonging  below  the  horizon  of  this 
coal.  It  is  probable,  however,  that  if  bodies  of  this  coal  exist  on  the 
northwest  side  of  this  ridge,  near,  the  line  of  fracture,  they  would  be 
found  so  much  broken  up  and  distorted  as  to  be  of  little  practical 
valae. 

Some  facts  observed  at  the  locality  gave  origin  to  the  suspicion  that 
possibly  the  whole  of  that  portion  of  the  first  ridge  on  the  northeastern 
side  of  the  fault  may  really  be  only  a  down-thrown*  part  of  the  second 
ridge,  or  even  that  both  this  and  the  second  ridges  might  be  down- 
throws of  the  third;  though  the  subordinate  beds  composing  these 
ridges  do  not  seem  to  correspond  closely  enough  to  warrant  this  conclu- 
sion. 

The  fault,  or  lateral  displacement,  mentioned  in  the  first  ridge,  is  also 
strikingly  manifest  in  the  second ;  the  lateral  movement  there  being 
more  than  100  feet,  precisely  as  if  the  whole  ridge  had  been  cut  across 
Kv  a  gigantic  saw,  and  the  strata  on  the  southwest  side  of  this  divisiou 
slipped  that  far  to  the  northwestward,  or  the  portion  on  the  northeast 
side  as  far  southeastward.  Evidences  of  this  fracture  are  to  be  seen  in 
the  other  ridges,  and  I  have  no  doubt  that  it  cuts  through  the  whole 
to  Echo  Caiion,  and  possibly  far  beyond  in  a  north  or  northwesterly 
direction,  not  exaetly  but  more  or  less  nearly  at  right  angles  to  the  trend 
of  the  ridges  and  strike  of  the  strata.* 

Divisions  14, 15, 16,  and  17  were  not  seen  well  exposed  on  the  line  of 
the  section,  or  even  on  the  east  side  of  Weber  Eiver,  though  they  are 
doubtless  exposed  at  some  localities  on  that  side.  On  the  west  side  of 
the  river,  however,  at  Mr.  Oarleton's  coal-mine,  about  two  miles  in  a 
soathwesterly  direction  from  Coalville,  and  at  a  higher  elevation,  these 
beds  were  cut  through  by  a  drift  excavated  into  the  side  of  the  hill 
horizontally,  nearly  in  the  direction  of  the  dip,  which  is  there  to  the 
northwestward  about  20^  below  the  horizon.  Coal,  however,  has  been 
found  at,  or  very  nearly  at,  this  horizou  on  the  east  side  of  the  river ; 
while  the  great  massive  sandstone  composing  division  18  forms  a  pre- 
cipitous escarpment  above  Mr.  Carleton's  mine,  and  thence  extends  con- 
tinuously, in  a  northeasterly  direction,  to  Weber  River,  at  a  point  nearly 
opposite  the  third  ridge  on  the  east  side,  thus  leaving  little  room  to 
doubt  that  Carleton's  coal  and  the  associated  beds  occupy  the  position 
assigned  them  in  the  section  there,  as  they  do  on  the  west  side  of  the 
river. 

*0tber  Himilar  faults,  or  later  displacements,  were  also  seen  iu  the  ridges  at  other 
points  a  mile  or  so  farther  eastward. 
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As  the  drift  at  Mr.  Garleton's  mine  x>en6trates  almost  borizoutally, 
and  nearly  in  the  direction  of  the  dip  of  the  beds,  of  coarse  it  cnts 
obliquely  through  them  from  below  upward.  Owing  to  the  darkness  in 
the  mine,  however,  and  the  presence  of  timbers  at  places,  we  could  not 
examine  the  beds  there  very  carefully ;  but  Mr.  Carleton  kindly  gave 
us  the  following  detailed  statement  of  their  thickness,  order  of  succes- 
sion, &c.: 

Ft.  In. 

A.  Sandstone,  forming  the  roof  of  the  coal  and 

shale,  containing  InoeeramuB 

B.  Coal 1 

G.  Impure  slaty  coal  and  shale 1 

D.  Coal  of  good  quality 3 

B.  Fireclay , 1 

F.  Soft  gray  sandstone,  Inoceramus^  UniOy  Car- 

diumj  and  Anomia 12 

G«  Dark-bluish,  or  nearly  black,  and  lighter 
colored  indurated  clays,  containing  many 
fresh  and  some  salt-water  types  of  shells, 
such  as  Physa^  Valvata^  Cyrena^  Neritina^ 
MelanipuSy  Eulimaj  Turritelia^  &c 10  0 


Division  17  of 
Coalville  sec- 
tion. 


0 


4  0 


0 
0 


Division  16. 


\ 


H.  Shale 

1.  Soft  rusty  sandstone,  with  Cardium  and  frag- 
ments of  other  fossils / 15 

J.  Fire-clay 6 

K.  Coal 2  6       Divisionl5. 

L.  Shale 10 

M.  Dark  sandy  shale 20 

N.  Sandstone 7 

O.  Iron  ore 

P,  Dark  shale 6 


Division  14. 


Although  we  could  not,  as  stated,  examine  all  of  the  beds  and  seams 
of  these  divisions  of  the  section  in  as  much  detail  as  desired,  there  being 
no  surface  outcrops  of  the  same  here,  we  nevertheless  did  see  nearly  tiU 
of  them  in  place,  with  their  characteristic  fossils,  in  passing  along  the 
drift  or  gallery  leading  to  the  coal,  and  in  part  immediately  over  the 
same.  At  some  places  in  the  mine,  the  clays  and  thin  seams  of  coal 
above  the  coal  D  had  fallen  in,  so  as  to  expose  the  overlying  sandstone 
A,  and  in  the  under  surface  of  this  we  saw  many  casts  of  Inoceramm. 
In  the  bed  F  we  likewise  saw  Inoceramns^  Cardium^  and  imperfect  ex- 
amples of  Unto,  while  from  the  dark  clays  O  we  picked  a  few  shells, 
when  examining  this  bed  in  the  drift.  Considerable  quantities  of  the  re* 
moved  portions  of  all  of  these  beds  were  also  to  be  seen  lying  in  hea^ 
at  the  entrance  of  the  drift,  and  that  from  each  could  there  be  readily 
identified  by  Mr.  Carleton,  so  that  we  had  no  diflBculty  in  referring  all 
of  the  fossils  found  in  this  loose  material,  which  had  not  been  long  ex- 
posed to  the  weather,  to  their  proper  beds. 

It  was  the  opinion  of  the  miners  here  that  the  sandstone  A,  in  which 
we  saw  casts  of  Inoceramusj  in  the  mine,  is  t  he  lower  part  of  the  massive 
division  IS  of  the  section.  Although  this  view  was  adopted  in  con- 
structing the  section,  it  is  possible  that  it  may  be  a  lower  bed  of  sand- 
stone, separated  from  the  base  of  the  massive  stratum  18  by  50  or  60 
feet  of  clay  or  other  material,  as  there  seemed  to  be  rather  too  long  a 
slope  between  the  base  of  the  exposed  part  of  the  sandstone  18,  seen 
above,  and  the  entrance  of  the  drift,  to  be  filled  by  the  beds  obliquely 
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perforated  by  the  same;  though  we  had  no  means  of  determining  how 
mach  of  the  lower  part  of  this  sandstone  may  be  hidden  in  tbis  slope. 

The  group  of  fossils  found  in  the  dark  indurated  clay  O  is,  in  several 
respects,  a  very  interesting  one,  not  only  because  every  species  is  new 
to  science,  and  all  of  them  entirely  different  from  any  yet  found  at  any 
other  locality,  or  even  in  any  other  beds  at  this  locality,  (with  possibly 
ODe  or  two  exceptions,)  but'  on  account  of  their  modern  affinities.  Here 
we  have,  from  beds  certainly  overlaid  by  more  tban  1,000  feet  of  strata 
coutaiuiug  Cretaceous  types  of  fossils,  a  little  group  of  forms,  present- 
ing such  modern  affinities  that,  if  placed  before  any  paleontologist  un- 
acquainted with  the  facts,  they  would  be  at  once  referred  to  the  Tertiary, 
Such  examples  as  this  illustrate  the  difficulties  with  which  the  paleon- 
tologist sometimes  has  to  contend,  and  show  how  very  cautious  we  should 
be  in  deciding  from  the  affinities  of  new  species  of  fresh  and  brackish 
water  types  of  shells  (the  vertical  range  of  which  is  unknown)  the 
geological  age  of  rocks  in  which  they  are  found ;  because  species  of  this 
kind,  from  rocks  of  various  ages,  often  closely  resemble  each  other, 
while  they  rarely  present  such  well-marked  distinctive  features  as  we 
see  in  marine  shells  from  different  horizons.  Some  of  the  species  oi 
Pkyia^  Cyrena^  N'eritinaj  &c.,  for  instance,  from  the  clays  under  consid- 
eration, closely  resemble  existing  species  ^  while  one  or  two  of  Melampus 
present  but  very  slight  differences  from  Paris  Basin  Tertiary  species, 
figured  by  Deshayes  under  the  name  Auricula. 

It  would  appear  that  the  indurated  clay  containing  these  mixed  types 
of  shells  must  have  been  deposited  in  the  form  of  iine  mud,  in  an  estu- 
ary, or  possibly  a  larger  body  of  salt  water,  into  which  the  fresh-water 
shells  were  swept  by  streams  flowing  in  from  adjacent  land.*  There 
were  probably  here,  however,  during  the  deposition  of  all  this  great 
group  of  coal-bearing  strata,  as  during  the  formation  of  the  far  more 
ancient  Carboniierous  coals,  various  oscillations  of  the  earth's  surface, 
because  we  have  every  reason  to  believe  that  every  bed  or  seam  of  coal, 
eveu  if  only  a  few  inches  in  thickness,  was  formed  in  marshes,  by  the 
growth  and  accumulation  of  vegetable  matter,  at  or  a  little  above  the 
sea-level,  while  we  find  marine  types  of  fossils  through  most  of  the  in- 
tervening strata ;  showing  that  after  the  accumulation  of  the  material 
of  each  bed  and  seam  of  coal,  there  was  a  subsidence,  and  a  return  of 
the  sea. 

Above  the  horizon  of  Mr.  Carleton's  mine,  we  only  saw  marine  types 
of  fossils,  though  there  may  be  other  beds  containing  fresh-water  shells 
higher  in  the  series.  As  already  explained,  we  saw  in  the  sandstone 
supposed  to  be  the  lower  part  of  division  18,  in  Mr.  Carleton's  coal-mine, 
casts  of  one  or  more  species  of  the  marine  genus  liMceramus,  We  also 
saw  higher  in  that  division,  on  the  east  side  of  Weber  Biver,  cast«  of 
the  marine  genus  Cardium  ;  while  in  some  thinner  beds  of  sandstone 
and  clays  forming  division  19,  just  above  18,  there  occur,  on  the  east 
side  of  the  river,  numerous  casts  and  shells  of  a  peculiar  oyster  I  have 
called  0.  solenisctiLs. 

This  oyster,  which,  as  already  stated,  occurs  at  several  horizons  far 
down  in  the  series,  is  very  peculiar,  and  easily  recognized  by  its  unusually 
narrow,  elongated,  and  generally  quite  straight  form.  At  the  locality 
mentioned  above,  on  the  east  side  of  the  river,  many  examples  of  it 

'  It  is  evident  that  these  freeh-water  shells  could  not,  however,  have  been  trans- 

Grted  very  far,  becaase,  althouffh  quite  thin,  tiiey  are  not  water-worn,  bat  seem  to 
ve  been  depcNUted  in  an  unbroken  condition.    Many  of  them,  however,  are  found  in 
s  crashed  condition,  evidently  from  pressure  during  the  consolidation  of  the  clay. 
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were  taeen,  presenting  a  curious  and  puzzling  appearance.  They  had 
grown  crowded  together  by  thousands,  beak  downward:  while,  in  most 
cases,  the  shell  itself  was  dissolved  away,  leaving  only  the  internal  casts, 
often  12  to  13  inches  in  length  and  only  about  2  inches  in  breadth, 
standing  side  by  side,  with  their  longer  diameters  at  right  angles  to 
the  plane  of  the  bed  in  which  they  were  enveloped.  At  first  it  was 
rather  difficult  to  comprehend  what  they  could  be,  but  on  drawing  some 
of  them  that  were  loose  from  the  cavities  they  were  found  to  be  the 
internal  casts  of  this  peculiar  oyster,  showing  the  muscular  scars  quite 
distinctly.  In  a  few  instances,  however,  some  of  these  specimens  also 
retain  the  shell  itself  entire. 

The  highest  horizon  in  this  great  series  of  beds  at  which  fossils  were 
seen  in  situ  was  in  division ^23  of  the  section,  (fourth  ridge.)  Here  we 
found  in  a  light-grayish,  soft  sandstone  numerous  casts  and  broken 
shells  of  a  large  InoceramuSj  with  fragments  of  Osirea  and  casts  of  a 
Cardium.  The  Inoceramvs  found  here  is  a  suborbicular,  rather  com- 
pressed or  moderately  convex  species,  with  a  rather  short  hinge  and 
regular  concentric  undulations.  It  agrees  well  with  Upper  Missoari 
specimens  we  have  always  referred  to  J.  nebrascensis^  Owen,  from  the 
Cretaceous,  excepting  that  none  of  the  specimens  found  are  quite  so 
large  as  Owen's  type ;  the  size  being  about  intermediate  between  I, 
Sagemis,  and  J.  nebrascensis^  Owen,  which,  however,  may  be  only 
varieties  of  one  species.  The  fragments  of  Ostrea  and  casts  of  Cardium 
found  in  the  same  association  were  too  imperfect  for  satisfactory  identi- 
fication, but  seemed  to  be  very  like  forms  found  far  below  this  horizon 
in  other  beds. 

Along  a  slope  formed  by  division  26  loose  fragments  of  Osirea  were 
observed,  that  appeared  to  be  the  same  form  found  associated  with  the 
Inoceramus  and  Cardium^  in  division  23,  but  none  were  seen  in  place. 

Beyond  this,  toward  Echo  Canon,  as  we  ascend  in  the  series  the  same 
light-grayish  colors  prevail  in  the  sandstones  and  intercalated  beds  of 
conglomerate,  for  perhaps  five  or  six  hundred  feet  or  more  before  we 
come  to  the  great  brownish  conglomerate  of  the  canon.  These  lighter 
colored  sandstones,  however,  are  coarser  and  less  coherent  than  most  of 
those  ])elow  the  division  26.  We  looked  carefully  for  fossils  in  these 
beds,  but  found  no  traces  of  organic  remains  of  any  kind ;  and,  judging 
from  the  coarseness  of  the  material,  it  is  probable  that  it  was  rapidly 
deposited  during  the  prevalence  of  physical  conditions  unfavorable  to 
animal  life. 

The  same  was  also  evidently  the  case,  even  in  a  far  more  marked  de- 
gree, during  the  deposition  of  those  huge,  massive  beds  of  brownish 
conglomerate,  at  Echo  Canon,  (divisions  29  to  31,  inclusive,  of  the  sec- 
tion,) which  are  so  coarse  as  to  present  the  appearance  of  consolidated 
drift.  These  beds  are  mainly  composed  of  water-worn  rocks  of  every 
size,  fi-om  that  of  small  pebbles  to  bowlders  from  6  to  10  inches  in 
diameter,  the  larger  sizes  more  frequently  predominating.  The  inter- 
stices are  filled  with  arenaceous  matter,  and  the  whole  firmlv  cemented 
together.  So  far  as  examined,  near  the  mouth  of  the  canon,  a  large  ma- 
jority of  these  pebbles  and  bowlders  were  found  to  be  very  hard,  light- 
grayish  siliceous  rock,  apparently  metamorphosed  sandstone,  though  a 
few  of  igneous  origin  were  occasionally  seen.  The  whole  formation  is 
so  massive  that  it  would  often  be  difficult  to  see  in  it  any  evidences  of 
stratification,  if  it  were  not  for  occasional  seams  and  lenticular  bodies 
of  intercalated  sandstone  along  certain  horizons*  These  have  a  deep 
reddish-brown  color,  and,  as  they  are  liable  to  weather  out,  where  ex- 
posed, they  leave  lines  of  cavities  that  impart  to  the  surface  of  precip- 
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itons  exposures  a  stratified  appearance.  The  coloring  matter  by  which 
the  whole  formation  is  tinged  brownish-red  evidently  comes  from  these 
intercalated  seams  of  sandstone,  and  the  same  material  forming  the 
paste  of  the  conglomerate ;  becanse  the  pebbles  and  bowlders  them- 
selves forming  the  main  body  of  the  same,  when  washed,  often  retain 
little  of  this  terrnginous  tinge. 

Of  coarse  we  can  scarcely  hope  to  find  organic  remains  in  such  a  for- 
mation as  this,  which  mast  have  been  deposited  by  the  action  of  powerful 
currents  of  water,  in  which  mollusks  or  other  organisms  could  not  have 
lived;  and  if,  by  any  chance,  their  shells  or  other  solid  parts  shonld 
have  been  placed  there,  they  would  probably  have  been  ground  to  pow- 
der by  attrition  among  the  rolling  pebbles  and  bowlders  and  whirling 
sands.  If  any  traces  of  fossils,  however,  exist  in  any  part  of  this  forma- 
tion, it  is  among  the  seams  and  intercalated  beds  or  lenticular  masses 
of  sandstone,  or  local  bodies  of  finer  material,  that  they  most  probably 
occur. 

This  immense  massive  conglomerate  not  only  composes  the  towering 
walls  of  Echo  Canon — at  places  forming  perpendicular,  or  even  over- 
hanging escarpments,  500  to  800  feet  in  height — ^but  also  rises  into 
mountain  masses  on  the  west  side  of  Weber  Biver  near  the  mouth  of 
the  canon.  Opposite  Coalville,  on  the  same  side,  five  miles  farther  up, 
it  likewise  forms  the  upper  part  of  the  mountains  above  the  Cretaceous; 
while  south  of  Coalville,  on  the  east  side  of  the  river,  it  is  developed  in 
snch  great  force  as  apparently  to  form  much  of  the  entire  mass  of  the 
mountains  seen  there.  I  am  not  sure  that  we  saw  its  entire  thickness 
exposed  at  any  one  place,  but  it  probably  attains  a  thickness  of  2,000 
feet  in  places. 

That  this  great  conglomerate  formation  is  of  Tertiary  age,  as  suggested 
by  Dr.  Hayden,  Mr.  King,  and  Mr.  Emmons,  I  know  of  no  reason  to  ques- 
tion. This  view  not  only  accords  with  the  fact  of  its  position  above  such 
an  extensive  series  of  Cretaceous  rocks,  but  with  its  non-conformability 
with  the  same,  as  well  as  with  its  remarkably  coarse  material.  The  line 
of  separation  between  the  two  formations  is  probably  that  separating 
divisions  29  and  30  of  our  section — that  is,  all  below  that  line  probably 
helongs  to  the  Cretaceous — though  we  did  not  find  any  fossils  in  place 
above  division  23,  and  those  found  there  were  certainly  Cretaceous  types. 

When  referring  the  coal  series  at  Coalville  to  the  Cretaceous,  in  Mr. 
King's  and  Dr.  Hayden's  reports,  I  called  attention  to  the  very  unusual 
entire  absence,  so  far  as  known,  of  the  genera  Ammonites^  ScaphiteSj 
BaeuliteSj  and  all  of  those  various  other  Cephalopoda,  as  well  as  of  many 
other  types,  so  generally  at  once  distinguishing  marine  Cretaceous 
nxsks  from  those  of  Tertiary  age.  At  the  same  time,  however,  I  noticed 
the  presence  of  several  species  of  Inoceramns,  one  of  Anchuraj  and  one 
of  QfrodeSj  genera  that  do  not  occur  in  more  modem  rocks  than  those 
bdonging  to  the  Cretaceous  period ;  and  it  was  on  this  evidence,  and 
the  specific  af&nities  of  some  of  the  other  types,  that  I  was  led  to  refer 
this  sei^ies  to  the  Cretaceous.  The  genus  Cyprimera,  Conrad,  (and 
probably  several  other  genera  yet  only  known  in  the  condition  of  casts.) 
may  now  be  added  to  the  list  of  Cretaceous  types  found  in  this  series; 
▼hile  the  species  of  Cyprimera  discovered  here  is  so  nearly  like  0.  cle- 
presMj  from  the  Cretaceous  of  North  Carolina  and  Mississippi,  as  to 
leave  doubts  whether  it  may  not  really  be  the  same.  We  also  now 
have  the  well-known  Cretaceous  species  Inoceramns  problanaHctiaj  from 
both  above  and  below  the  main  coal-bed  at  Coalville;  while  another 
larger  Inoceramus,  from  far  above  all  the  coal  here,  is  apparently  iden- 
tical, specifically,  with  an  Upper  Missouri  Cretaceous  species. 


448       GEOLOGICAL  SURVEY  OP  THE  TERRITORIES. 

As  I  have,  however,  mentioned  faults  and  lateral  displacements  of 
the  strata  here,  it  may  be  thought  by  some  who  are  yet  incredulous  in 
regard  to  the  Cretaceous  age  of  these  coals  that  these  disturbances  of 
the  strata  may  have  given  origin  to  erroneous  conclusions  respecting 
the  positions  of  the  beds  containing  the  Cretaceous  types  with  relation 
to  the  coals.  This,  however,  is  simply  impossible,  because  these  fossils 
occur,  as  elsewhere  stated,  both  above  and  below  the  coal-beds,  even  in 
local  exposures,'  where  all  the  strata,  and  included  coal-beds,  can  be 
clearly  seen  conformable  and  in  their  natural  positions  with  relation 
to  each  other.  Consequently  it  would  not,  in  the  slightest  degree,  weaken 
the  force  of  the  evidence,  even  if  we  should  admit  any  conceivable 
amount  of  disturbance  of  the  beds,  or  even  if  we  were  to  suppose  the 
whole  vast  series  of  beds  had  been  bodily  tilted  up  and  completely  in- 
verted, (of  which  condition  of  things  there  is  no  evidence,)  because,  even 
in  that  case,  we  would  still  have  unquestionable  Cretaceous  types  both 
above  and  below  the  coal-beds. 

In  the  reports  above  cited,  I  stated  some  reasons  for  supposing  this 
whole  group  of  Cretaceous  rocks  to  belong  to  a  more  recent  member  of 
that  system  than  any  of  the  recognized  subdivisions  of  the  Upper  Mis- 
souri Cretaceous.  The  facts  observed  at  the  locality  last  season,  how- 
ever, seem  to  demonstrate  that  this  is  not  the  case.  For  instance,  we  found 
toward  the  lower  part  of  the  section,  both  above  and  below  the  main 
coal-bed,  Inoceramus  problematicusj  a  widely  distributed  species  that  is 
very  characteristic  of  the  Niobrara  and  Benton  groups  of  the  Upper 
Missouri,  which  there  occupy  positions  below  the  middle  of  the  series; 
and,  so  far  as  I  know,  this  species  never  occurs  in  this  country  above 
this  horizon.*  Again  we  found,  far  above  this,  in  division  23  of  the  sec- 
tion,  numerous  specimens  of  u  larger  Inooeramus,  which,  if  not  really 
identical  with  one  of  those  forms,  is  scarcely  distinguishable  from  L 
Sdgensis  and  /.  Nebrascenais  of  Owen,  which  occur  in  the  later  members 
of  the  Upper  Missouri  series.  From  these  facts,  it  is  more  probable 
that  we  have  here,  at  and  near  Coalville,  representatives  of  the  whole 
Upper  Missouri  series,  with  possibly  even  lower  members,  farther  up 
Weber  Biver,  than  any  of  the  known  Upper  Missouri  subdivisions  of  the 
Cretaceous.  If  this  is  so-— and  there  seems  to  be  little  reason  to  doubt  it^ 
the  marked  difference  observed  between  almost  the  whole  group  of  fossils 
found  here,  and  those  of  the  Upper  Missouri  Cretaceous,  would  seem  to 
indicate  that  there  was  no  direct  communication  between  the  Cretaceous 
seas  or  gulfs  of  that  region  and  those  in  which  these  Utah  beds  were 
deposit^.  Differences  of  physical  conditions,  however,  probably  also 
played  an  important  part  in  the  production  of  this  diversity  of  life, 
since  it  is  evident  from  the  great  predominance  of  clays  and  other  fine 
materials  in  the  Cretaceous  beds  of  the  Upper  Missouri,  that  they  were 
deposited  in  comparatively  deeper  and  more  quiet  waters  than  those  in 
Utah,  in  which  coarse  sandstones,  with  occasional  pebbly  beds,  predom- 
inate. 

Although  the  Coalville  coals,  and  indeed  all  of  those  of  this  entire 
region  of  country,  belong,  (as  might  be  expected  from  their  compara- 
tively modern  age,)  chemically  speaking,  to  the  brown-coal  series,  they 
are  of  unusally  good  quality,  being  generally  as  hard,  black,  compact, 
and  shining  as  the  far  older  Carboniferous  coals.  They  bum  much  like 
bituminous  coal,  being,  in  fact,  semi-bituminous.    As  they  contain  more 

*For  the  information  of  European  geolotriBts,  not  familiar  with  the  details  of  oor 
geology,  it  should  be  stated  that  the  entire  Upper  Missouri  Cretaceous  series  belongs  to 
the  upper  part  of  that  system. 
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water,  bowever,  their  heating  properties  are  not  equal  to  those  of  the 
older  Carboniferous  coals,  while  they  are  more  liable  to  crumble  from 
exposure  and  handling.  Still,  when  we  take  into  consideration  the  great 
scarcity  of  wood  throughout  immense  areas  of  this  internal  part  of  the 
continent,  the  thickness  and  extent  of  some  of  the  beds,  and  their  prox- 
imity to  tiie  Pacific  Eailroad,  it  will  readily  be  understood  that  these 
mines  must  be  of  great  value. 

The  main  bed  (division  5  of  the  section)  must  contain  practically  in- 
exhaustible quantities  of  coal,  and  has  a  moderately  firm  roof  of  sand- 
stone. Some  difficulties,  however,  will  be  met  with  at  places,  in  mining 
it,  on  account  of  faults  and  dislocations  of  the  strata,  but  not  greater 
than  in  coal-mining  in  other  disturbed  districts. 

It  is  also  evident  that  in  mining  these  coals,  great  care  should  be 
taken  not  to  allow  the  refuse  thrown  from  mines  to  accumulate  at  the 
entrance,  in  contact  with  the  outcrop  of  the  coal  bed  in  place ;  because 
this  refuse  coal,  as  thus  exposed  to  the  weather,  is  liable  to  take  fire 
spontaneously,  and  ignite  the  coal  in  the  mine,  causing  great  trouble 
and  loss,  not  always  so  much  from  the  amount  of  coal  consumed  as  from 
filling  portions  of  the  mine  with  suffocating  gases  and  smoke,  as  well 
as  from  causing  the  falling  in  of  the  overlying  strata. 

AtSpriggs's  mine,  directly  in  Coalville,  the  strata,  as  already  explained, 
do  not  conform  to  the  general  dip,  and  strike  on  the  other  side  of  Chalk 
Creek,  a  little  north  and  east  of  here,  the  strike  being  nearly  north  and 
sonth^  and  tbe  dip  but  little  north  of  west,  about  14^  below  the  horizon. 
The  nsing  ap  of  the  beds  here  is  almost  co'ncident  with  the  western 
slope  from  a  little  plateau  of  30  to  40  feet  elevation  above  the  valley  on 
the  southeast  margin  of  the  town.  Formerly  the  mine  here  was  worked 
by  drifts  or  galleries,  following  the  coal  directly  from  the  surface  under 
the  inclined  sandstone,  (division  6,)  which  forms,  at  places,  the  surface 
of  the  slope  from  the  little  plateau.  Fire,  however,  was  communicated 
from  the  burning  slack  coal  at  the  entrance  of  the  mine,  to  the  outcrop 
of  the  coal-bed,  and  burned  under,  causing  the  sandstone  to  fall  in,  and 
IBUng  parts  ot  the  mine  with  smoke  and  gases,  which  were  escaping 
from  cracks  in  the  fallen-in  sandstone  and  overlying  earth  when  we 
vere  there. 

Whether  on  account  of  inconvenience  caused  by  the  burning  coal,  or 
for  other  reasons  we  did  not  learn,  they  were,  when  we  were  at  the  lo- 
eahty,  sinking  a  highly  inclined  shaft,  commencing  a  little  above  the 
base  of  the  slope  mentioned,  and  cutting  down  obliquely  through  the 
clay  of  division  7  and  division  6,  to  strike  coal-bed  some  distance  below 
the  bottom  of  the  valley. 

The  dip  of  the  strata  here  must  cause  the  coal  to  plunge  beneath  the 
vs^ey,  and,  if  there  are  no  faults  or  fissures,  to  pass  under  Weber  Eiver, 
at  a  vertical  depth  of  between  300  and  400  feet.  It  is  therefore  possible, 
as  suggested  by  Mr.  Emmons,  that  there  may  be  much  trouble  with 
water  in  working  this  bed  far  beneath  the  surface  here,  unless  the 
heavy  bed  of  impervious  clays  (division  7)  may  prevent  water  from  this 
source  from  percolating  down  to  the  coal-bed. 

The  other  mines,  two  to  two  and  a  half  miles  farther  northeastward, 
on  the  same  bed,  and  at  considerable  higher  elevations,  will  probably 
be  le«s  troubled  with  water.  Indeed,  there  is  little  reason  for  doubting 
that  slightly  inclined  tunnels  might  be  started,  at  much  lower  horizons 
on  this  bed,  between  the  mines  now  worked  there  and  Coalville,  and 
extended  in  a  northwesterly  direction,  so  as  to  drain  themselves  and  all 
the  mines  on  this  bed  above. 

Of  the  mines  over  on  Grass  Creek,  some  four  or  five  miles  northeast- 
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ward  of  Coalville,  we  only  visited  one,  owned,  I  believe,  by  Mr.  Joseph 
Young,  one  of  Brigham  Yomng's  sons.  This  mine  is  sitaated  in  the  bot- 
tom of  Grass  Creek  valley,  or  canon ;  and  as  it  seems  to  be  exactly  on  tlM 
tine  of  strike  of  the  other  mines  between  it  and  Coalville,  and  does  not 
differ  very  materially  in  strike,  dip,  and  thickness,  there  can  scarcely  be 
any  donbt  that  it  is  in  the  same  bed  of  coal.  This  view  is  also  supported 
by  the  fact  that  the  coal  is  immediately  overlaid  by  a  sandstone  like 
that  seen  over  the  mines  between  here  and  Coalville,  and  at  CoalviUe ; 
while  we  saw  in  this  sandstone  apparently  the  same  oyster  observed 
in  that  forming  the  roof  of  Spriggs's  mine  at  Coalville. 

The  mines  in  the  higher  part  of  the  series,  although  in  thinner  beds 
than  the  main  one  far  below,  must  be  of  considerable  value.  That 
owned  by  Mr.  Carleton,  on  the  west  side  of  Weber  Eiver,  in  division  17 
of  the  section,  affords  a  good  quality  of  coal.  The  thickness  of  the  bed 
is  about  3  feet  4  inches,  with  one  foot  of  black  shsde  and  impure  coal 
above  it,  and  over  this  1  foot  and  2  inches  of  coal.  Where  the  shale  is 
firm  enough  not  to  require  much  timbering  to  hold  it  up,  it  can  probably 
be  left  as  a  roof  to  the  mine;  but  where  the  shale  is  thin  and  friable, 
the  whole  thickness,  including  the  upper  1  foot  seam  of  coal,  up  to  the 
sandstone,  will  have  to  be  taken  out.  Indeed  it  is  possible  that  the  shaly 
parting  between  the  two  may  become,  at  places,  sufficiently  carbonaceous 
to  serve  for  the  supply  of  fuel  for  machinery  at  the  mine,  and  in  that  case 
it  would  be  the  best  economy  to  work  the  whole  thickness.  The  ridge  at 
this  mine  extends  apparently  without  break  for  two  miles  or  more,  and 
it  seems  probable  that  the  coal  is  equally  accessible  throughout  the 
whole  extent. 

Bear  River, — On  Sulphur  Creek,  near  Bear  Eiver,  in  Western  Wyoming, 
there  are  to  be  seen  some  very  interesting  exposures  of  Cretaceous  rocks, 
including  valuable  beds  of  coal.  These  exposures  are  directly  on  the 
Union  Pacific  Bailroad,  and  evidently  belong  to  the  same  horizon  as 
the  coal  series  at  Coalville,  Utah. 

As  long  back  as  1860  the  strata,  including  the  coal  here,  were  referred 
to  the  Cretaceous  by  the  writer  and  Mr.  Henry  Engelmann,  in  a  paper  on 
Colonel  Simpson's  collections.*  They  were  also  referred  to  the  same 
age  by  Mr.  King,  Mr.  Emmons,  Dr.  Hayden,  and  myself  in  1870.t  There 
is,  however,  also  here,  associated  with  the  above-mentioned  beds,  another 
quite  distinct  formation,  containing  an  entirely  different  group  of  fossils, 
consisting  of  a  mingling  of  both  fresh  and  brackish  water  types,  which 
I  have  always  considered  most  probably  of  lower  Eocene  age. 

While  on  an  excursion  to  Wyoming  and  Utah  during  the  past  sum- 
mer, accompanied  by  Dr.  Bannister,  we  availed  ourselves  of  the  oppor- 
tunity to  stop  at  the  Bear  Eiver  locality  to  examine  the  rocks  and  collect 
fossils,  and  from  our  notes,  observations,  and  collections,  I  have  prepared 
the  accompanying  section  of  the  strata  exposed  there.  Most  of  these 
beds,  it  will  be  seen,  are  thrown  up  into  a  nearly  vertical  posture,  with 
an  approximate  north  and  south  strike ;  and  the  section,  which  is  a  little 
more  than  one  mile  in  length,  crosses  the  strike  at  right  angles  from 
east  to  west.  Commencing  at  the  right  hand,  or  eastern  end  of  this 
section,  and  going  westward,  we  meet  with  the  following  strata: 

•Proceed.  Acad.  Nat.  Sci.,  Philad.,  Apr.,  1860,  p.  130. 
i  Mr.  King's  and  Dr.  Hayden's  Reports  for  ltr70. 
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SBCnON  OF  THE  ROCKS  EXPOSED  ON  SULPHUR   CREEK,  NEAR   BEAR 

RIVER,  WYOailNG. 


'm 


H 


■A^!?^;iK^^6?r'~= 


-^!«.-AS?hS^>«»f6 


"■"•'•-    No. 


Ft.    In. 

No.  1. — Black  Bbale,  only  seen  in  bottom  of  Sul- 
phur Greek,  thickness  unknown. 

No.  2. — Slope  apparently  occupied  by  clays, 

thickness  perhaps  100  feet  or  more 100    0 

No.  3. — Soft  light  grayish  sandstone,  nearly 

vertical 90    0 

No.  4. — Covered  space,  probably  occupied  by 
clays,  but  showing  some  sandstone  that 
may  or  may  not  be  in  place ;  perhaps  room 
enough  for  250  to  300  feet 300    0 

No.  5. — ^Two  or  three  rather  heavy  beds  of  light 
yellowish  gray  sandstone,  separated  by 
clays,  probably  occupying  some  of  the  space 
included  in  division  4.  Near  the  lower  part 
two  layers  15  to  18  inches  each,  of  sand- 
stone, containing  Ostrea  soleniscusj  Trap- 
ezium micronemaj  &c.  Altogether  90  to  100 
or  more 100    0 

No.  6. — Greenish  and  bluish  gray  sandy  clays, 

with  some  dark  shale  at  places 100    0 

No.  7. — Bed  of  good  coal,  said  to  be  7^  feet  in 

thickness 7    6 

No.  8. — Heavy  massive  bed  of  light  colored 
sandstone,  about  90  feet  in  thickness,  stand- 
ing nearly  vertical,  with  some  3  to  5  feet 
of  sandy  clay  between  it  and  the  coal  of 

division  7 95    0 

9. — Gray  sandy  shales  with  alternations  of 

sandstone  and  clays 255    0 

10. — Light  gray  sandstone 20    0 

11. — Slope  and  unexposed  space,  perhaps 
200  yards  or  more  across. 
12. — ^Light  gray  sandstones  and  clays,  in- 
cluding a  bed  of  good  coal,  said  to  be  7J 
feet  in  thickness;  all  dipping  south-south- 
east 650  below  horizon ;  and  the  sandstone 
above  the  coal  containing  many  casts,  Inoc- 
eramus  frobleniaticus^  with  a  few  casts  of 
(7ar(?mm  and  undetermined  univalves;  al- 
together showing  about 150    0 

13. — A  valley  or  depression  showing  no 
rocks,  perhaps  150  yards  across. 

No.  14. — Ferruginous  sandstone  in  thin  layers, 
dipping  north-west  about  80^  below  hori- 
zon       40    0 

fc  No.  15. — ^Bluish  laminated  clays  with,  at  top, 
(left  or  west  side,)  a  two-foot  layer  of  sand- 
stone, containing  fragpients  of  shells  not 
seen  in  a  condition  to  be  determined 125    0 

No.  16. — Clays  and  sandstone  below,  (20  feet;) 
«         gray  and  brown  pebbly  sandstone  above, 

(25feet) 45    0 


«No. 
s  JNo. 
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No.  17. — Brownish  and  bluish  clays,  with  some  beds  of  white, 

greenish,  and  brownish  sandstones 115    0 

No.  18. — Hard  gray  conglomerate,  standing  nearly  vertical,  and 

forming  crest  of  hill  about  350  feet  high 40    0 

No.  19. — Slope  showing  above  some  masses  of  conglomerate,  like 
that  of  division  18,  perhaps  not  in  place,  with,  at  places  below 
this,  some  reddish  clays ;  altogether  space  enough  for  500  to 
600  feet  in  thickness 600    0 

No.  20. — Greenish-white  sandstone 40    0 

No.  21. — Brownish  clays  and  sandy  layers 60    0 

No.  22. — Brownish  clays  and  beds  of  sandstone,  the  latter  light 

gray  below 110    0 

No.  23. — Whitish  sandstone— forms  crest  of  hill  about  220  to  240 

feet  in  height 40    0 

No.  24. — Conglomerate  and  some  red  clays 20    0 

No.  25. — ^Brownish  and  reddish  clays  with  a  few  distantly  sepa- 
rated thin  beds  and  layers  of  gray  sandstone,  altogether  750 
to  800  feet  in  thickness 800    0 

No.  26. — Gray  sandstone  in  place,  apparently  connected  with 
some  masses  (that  may  not  be  in  place)  so  as  to  include  space 
enough  for  60  to  80  feet — forms  crest  of  a  hill 80    0 

No.  27.  A  long  space  of  perhaps  260  yards  or  more,  with  only 
a  few  low  exposures  of  light-gray  sandstone,  showing  a 
slight  westward  dip. 

No.  28.  Numerous  thin  seams  and  layers  of  dark  carbonaceous 
shales,  with-  harder  thin  bands  of  various  colored  argillace- 
ous, arenaceous,  and  calcareous  matter,  including  a  few  very 
thin  streaks  of  coal ;  the  whole  being  highly  charged  witk 
vast  numbers  of  fresh  and  brackish-water  shells,  such  as 
species  of  Unio^  Corhicula-^  Corbula,  Pyrgulifera^  Viviparua^ 
MelampuSj  &c  Dip  nearly  east,  about  75^  below  the  hori- 
zon }  thickness  175  to  200  feet  exposed 200    0 

This  section  has  been  constructed  rather  with  the  view  of  giving  a 
general  idea  of  the  upheaved  and  confused  condition  of  the  strata,  and 
(so  far  as  can  be  done)  of  the  relations  of  the  undoubted  Cretaceous 
beds  containing  woikable  beds  of  coal  here,  to  the  fresh  and  bracki^- 
water  formation  at  its  western  end,  than  as  an  illustration  of  minute 
details.  The  elevations,  as  well  as  the  horizontal  distances  between 
exposures,  are  only  given  from  estimates  carefully  made  at  the  locality: 
while  the  thickness  of  the  subordinate  beds  can  scarcely  be  regardea 
as  more  than  approximately  correct,  as  they  are  not  all  sufficiently  well 
exposed  directly  along  the  line  of  the  section,  to  show  their  exaot limits, 
and  our  examinations  were  not  extended  very  far  laterally.  It  is  be- 
lieved, however,  that  the  section  will  be  found  sufficiently  accurate  to 
serve  the  purpose  for  which  it  is  given. 

That  the  strata  in  which  the  workable  beds  of  coal  occur  here  (divis- 
ions 1  to  12,  inclusive)  belong  to  the  Cretaceous,  has,  as  already  ex- 
plained, been  well  known  for  some  years  past.  It  is  also  evidentthat 
this  formation  belongs  to  the  same  series  as  the  Coalville  coals.  The 
evidence  of  this  is  not  only  the  general  correspondence  of  the  litholog- 
ical  characters  of  the  rocks  at  these  localities,  but  the  presence  here  of 
some  of  the  same  species  of  fossils  found  associated  with  the  coal  beds 
at  Coalville.  Three  of  these  fossils,  Ostrea  soleniscus^  Trapezium  micro- 
tiema^  and  Inoceramus  problematiciiSj  are  also  peculiar  forms  that  can  be 
identified  with  the  fullest  confidence. 
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All  of  that  portioD  of  the  well-marked  Cretaceous  series  here  forming 
divisions  1  to  10,  inclusive,  along  with  an  Important  bed  of  coal,  it  will 
be  seen,  stands  in  very  nearly  a  vertical  posture.  On  going  a  little  far- 
tiier  westward,  however,  across  a  lower  space,  showing  no  rocks,  we 
come  to  another  Cretaceous  exposure,  (division  12  of  the  section,)  con- 
sisting of  thin  layers  of  light  colored  sandstone,  including  a  workable 
bed  of  coal,  all  dipping  at  an  angle  55^  below  the  horizon,  in  a  nearly 
south-southeast  direction.  In  this  sandstone,  above  the  coal,  numerous 
casts  of  Inoceramus  problematicusj  and  a  few  other  Cretaceous  fossils 
occnr. 

That  the  bed  of  coal  found  in  this  last  mentioned  outcrop,  although 
said  to  agree  with  the  bed  7  in  thickness  and  other  characters,  is  really 
not  a  part  of  the  latter  thrown  over  from  above,  or  flexed  and  thrust  up 
from  beneath,  is  almost  beyond  doubt ;  because  the  rocks  in  which  it  is 
iDcladed  do  not  agree  lithologically  with  those  immediately  associated 
with  the  bed  7,  while  none  of  the  fossils  filling  the  sandstone  of  division 
12  were  seen  in  any  of  the  rocks  directly  associated  with  the  coal  7. 

It  therefore  appears  to  be  quite  evident  that  there  are  at  least  two 
distinct  beds  of  coal  in  the  Cretaceous  rocks  here.  Exactly  how  the 
beds  forming  division  12,  with  their  included  coal,  connect  with  the 
other  Cretaceous  strata,  included  in  the  divisions  1  to  10,  we  cannot 
very  clearly  explain.  The  probability  is,  however,  that  they,  and  possibly 
other  associated  strata  hidden  under  the  soil,  were  originally  tilted  with 
the  other  Cretaceous  beds,  (1  to  10,)  to  a  vertical  posture  at  the  time  of 
the  upheaval,  and  then  fell  over  to  the  present  inclined  condition.  We 
observed  no  evidence  whatever  that  they  correspond  to  any  part  of  the 
series  included  in  the  same  section  farther  west. 

If  only  the  strata  already  mentioned  (1  to  12  inclusive)  at  this 
locality  are  Cretaceous  there  would  then  be,  exclusive  of  other  beds 
that  may  be  hidden  in  the  spaces  11  and  13,  about-1,213  feet  of  rocks 
seen  here  that  are  certainly  of  Cretaceous  age. 

West  of  the  out-crop  of  division  12,  we  have  first  another  lower 
space  of  probably  about  450  feet,  in  which  no  exposures  of  rock  in  place 
were  seen.  Then  we  come  suddenly  to  a  great  series  of  sandstones, 
days,  conglomerates,  &c.,  more  than  2,000  feet  in  thickness,  (forming 
divisions  14  to  26,  inclusive  of  the  section,)  all  standing  in  a  vertical 
posture,  excepting  the  beds  from  14  to  about  the  18th,  all  of  which  lean 
slightly  to  the  eastward  of  an  exact  perpendicular.  Whether  or  not  all 
of  this  great  series,  from  division  14  to  26,  should  also  be  included  in 
the  Cretaceous  along  with  those  forming  the  eastern  portions  of  the 
section,  we  were  unable  to  determine,  because  we  saw  no  organic  re- 
mains in  any  of  these  beds,  excepting  a  few  undeterminable  fragments 
of  shells  in  the  upper  layer  of  division  15.  The  fact,  however,  that 
these  strata  stand  so  very  nearly  conformable  to  the  well-marked  Cre- 
taceous beds,  from  1  to  10,  would  rather  favor  the  conclusion  that  they 
belong  to  the  same  system  of  rocks,  though  it  would  not  necessarily 
demonstrate  that  this  is  the  case. 

West  of  division  26,  we  come  to  a  space  of  about  260  yards  or  more,  in 
which  no  rocks  were  observed  in  place,  excepting  a  few  low  out-crops  of 
hght  grayish  sandstone,  but  little  above  the  base  line  of  the  section. 
These  are  almost  horizontal,  or  show  only  a  slight  inclination  below  the 
horizon  toward  the  west;  being  thus  strikingly  unconformable  to  all  of 
the  other  strata  of  the  section.  We  saw  no  fossils  in  these  beds,  but 
they  are  almost  certainly  Tertiary. 

Immediately  on  the  west  of  the  last-mentioned  outcrops,  and  nearly 
in  contact  with  one  of  them,  there  is  exposed,  in  a  cut  made  for  the  pass- 
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age  of  tlie  railroad,  one  of  the  most  interestrng  series  of  beds  (division 
28)  anywhere  to  be  seen  on  the  whole  line  of  the  Union  Pacinc  Bail- 
road.*  This  ent  is  about  150  to  200  yards  in  length,  and  passes  through 
the  strata  nearly  at  right  angles  to  their  strike.  The  beds  thus  exposed 
consist  of  numerous  thin  seams  of  dark  and  light  grayish  colors  alternat- 
ing, so  as  to  present  a  banded  or  striped  appearance,  the  darker  bands 
being  more  or  less  Carbonaceous,  or  even  in  some  cases  containing  thin 
streaks  of  coal ;  while  the  lighter  layers  are  more  arenaceous,  calcareous 
or  argillaceous.  All  of  these  beds  and  seams  are  tilted  up  so  as  to  dip 
nearly  eastward  at  an  angle  of  about  75°  below  the  horizon,  being  thus 
not  exactly  conformable  to  any  of  the  other  divisions  of  the  section, 
though  apparently  upheaved  at  the  same  time.  They  contain  immense 
numbers  of  fossil  shells,  belonging  to  a  few  species  of  fresh  and  brackish 
water  types,  some  of  which  are  closely  allied  to  European  Lower  Eocene 
species. 

Toward  th^  western  extremity  of  this  cut  the  upper  ends  of  the  strata 
are  suddenly  flexed  westward,  as  if  they  had  been  struck,  after  their  up- 
heaval, by  an  iceberg,  or  some  other  tremendous  force,  coming  from  the 
east.  There  is  no  evidence,  however,  that  this  flexure  was  produced  by 
any  agency  of  this  kind ;  on  the  contrary,  it  is  almost  certainly  a  mere 
fragment,  as  it  were,  of  one  of  the  folds  of  the  strata,  caused  by  the  powerful 
forces  to  which  they  have  been  subjected,  by  the  combined  action  of 
upheavals  and  lateral  pressure. 

This  division  of  the  section,  I  have  always  referred  provisionally  to 
the  Lower  Eocene,  though  I  have,  at  the  same  time,  intimated  that  it 
may  yet  be  found  to  belong  more  properly  to  the  Upper  Cretaceous.  I 
will  return  to  this  subject  again,  however,  in  another  place,  further  on, 
when  speaking  of  Tertiary  collections. 

In  regard  to  the  coal  beds  7  and  12,  in  the  Cretaceous  formation  here 
at  Bear  Eiver,  I  should  think  that  there  can  scarcely  be  any  reasonable 
doubt  that  they  will  be  of  considerable  value.  The  mines  had,  however, 
apparently  been  worked  but  little,  and  as  nothing  had  been  done  in 
them  for  some  time  before  our  visit,  the  entrances  were  partly  filled  by 
the  falling  of  the  adjacent  rocks  and  shale,  so  that  we  could  not  exam- 
ine them  very  carefully.  We  were  informed  by  Mr.  Thorpe,  however, 
the  owner  of  the  property,  that  each  of  the  beds  seen  there  is  7^  feet  in 
thickness,  and  that  the  coal  is  of  excellent  quality.  It  is  doubtless  simi- 
lar to  that  mined  in  the  same  formation  at  Coalville.  The  mines  are 
exceedingly  convenient  to  the  railroad,  which  passes  along  so  close  to 
that  in  the  bed  7,  that  the  miners'  carts  can  run  out  upon  a  platform  at 
the  entrance  of  the  mine  and  tip  directly  into  coal-cars  on  the  railroad,' 
while  the  opening  into  the  other  bed,  12,  is  only  about  100  to  150  yards 
from  the  road. 

Below  OaUatin  City. — The  fossils  from  near  the  Missouri  River,  below 
Gallatin  City,  Montana,  belong  clearly  and  beyond  doubt  to  the  Cre- 
taceous, and  about  to  the  horizon  of  the  Fort  Benton  group  or  subdi- 
vision of  the  Upper  Missouri  Cretaceous  series.  A  few  of  the  bivalves 
appear  to  belong  to  the  fresh  or  brackish  water  type,  VetaritinOf 
•  but  all  of  the  others  are  marine  forms.  It  is  an  interesting  fact  that  a 
Trigoniajin  this  collection,  is  so  near  T.  Uvansi  from  the  Cretaceous 
beds  of  Vancouver's  Islana,  that  no  reliable  differences  can  be  seen 
from  the  imperfect  specimens  found.    So  far  as  I  have  been  able  to  de- 

•  For  a  very  minutely  detailed  section  of  this  out,  prepared  by  H.  R.  Durkee.  esq., 
one  of  the  engineers  of  the  Union  Pacific  Railroad,  see  Dr.  Hayden's  report  of  1870,  p. 
153.  It  only  illustrates  the  beds  seen  in  the  cut,  however,  without  showing  their  rela- 
tions to  the  other  beds  seen  in  our  section. 
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terniine,  none  of  the  species  from  this  locality  seem  to  be  certainly 
identical  with  any  of  those  from  any  of  the  recognized  subdivisions 
of  the  Upper  Missouri  Cretaceous,  but  some  of  them  occur  at  other 
localities  along  with  the  characteristic  forms  of  the  Benton  group. 

Cinnabar  Mountain, — The  species  from  Cinnabar  Mountain,  Yellow- 
stone Valley,  belong,  almost  certainly,,  to  the  same  horizon  as  those  from 
Missouri  River  below  Gallatin,  the  species  of  Trigonia  mentioned  from 
that  locality  being  the  same  found  at  this.  There  can  be  little  doubt  in 
regard  to  these  fossils  belonging  to  the  Fort  Benton  group  of  the  Cre- 
taceous, because  1  recognize  among  them  Scaphites  ventricosusy  one  of 
the  most  characteristic  fossils  of  that  horizon. 

BridgerPeak, — The  few  things  from  eastfootofBridger  Peak,  (four  miles 
fipom  Fort  Ellis,)  Montana,  are  nearly  all  mere  casts  in  a  bad  state  of  pre- 
servation, bat,  so  far  as  I  have  been  able  to  determine,  none  of  the 
species  appear  to  be  identical  with  any  of  those  known  from  the  recog- 
nized subdivisions  of  the  Upper  Missouri  Cretaceous ;  though,  from  their 
general  fades,  there  is  still  little  room  to  doubt  that  they  oelong  to  the 
Cretaceous  system.    They  are  certainly  not  Tertiary. 

Colorado  Springs, — A  small  collection  from  Colorado  Springs,  Colorado, 
evidently  belong  to  the  horizon  of  the  Fort  Pierre  group  of  the  Upper 
Missouri  Cretaceous  series. 

Rock  Creek, — ^The  collections  found  by  Professor  Lesquereux  on  Bock 
Creek  are  all  Cretaceous  forms  from  the  horizon  of  the  I^iobrara  division 
of  the  Upper  Missouri. 

Fort  Marker. — ^Those  collected  by  him  from  near  Fort  Barker  are  also 
Cretaceous,  and  from  the  horizon  of  the  Fort  Benton  group. 

BUter  Creek  series, — ^Along  Bitter  Creek,  (a  small  tributary  of  Green 
River,  in  Wyoming,)  from  Black  Butte  northwestward  to  Salt  Wells 
Station  on  the  Union  Pacific  Bailroad,  and  at  Eock  Spring  and  some 
other  points  west  of  Salt  Wells,  there  is  an  extensive  series  of  rocks,  in 
regard  to  the  age  of  which  somewhat  different  opinions  are  entertained. 
For  a  detailed  description  and  sections  of  this  formation  the  reader  is 
referred  to  Dr.  Bannister's  report,  forming  a  following  section  of  this 
yolame,  my  object  here  being  merely  to  say  a  few  words  mainly  respeot- 
ing  the  age  of  this  group.  In  general  terms  it  may  be  briefly  described 
as  a  vast  succession  of  rather  soft,  light-yellowish,  lead-gray,  and  whit- 
ish sandstones,  with  seams  and  beds  of  various  colored  clays,  shale, 
and  good  coal,  the  whole  attaining  an  aggregate  thickness  of  more  than 
4,000  feet 

The  invertebrate  fossils  hitherto  found  at  different  horizons  in  this 

series  present  a  mingling  of  fresh,  brackish,  and  salt-water  types,  such 

as  OoniobasiSj  ViviparuSy  CorhicuUiy  CorhulOy  Ostreaj  Anomiay  and  Modiola. 

All  of  these  genera  are  found  represented,  either  directly  in  the  same  bed, 

or  very  nearly  so,  near  the  very  top  of  the  series  at  Black  Butte  Station,  in 

Division  E  of  Dr.  Bannisters  section.    At  Hallville,  three  miles  farther 

west,  and  1,600  to  1,800  feet  lower  in  the  series,  in  Division  K  of  the 

8ame  section,  a  Corbiculaj  and  another  form  like  a  Corhulay  both  scarcely, 

^  at  all,  distinguishable  &om  species  found  in  the  higher  beds  at  Black 

Bntte,  occur  in  a  black  slate  over  a  bed  of  coal.    Near  the  same  hori- 

K>n,  at  Point  of  Bocks,  seven  or  eight  miles  farther  down  Bitter  Creek, 

great  numbers  of  a  fine  large  oyster  also  occur,  above  the  fourth  (ot 

Btill  higher  bed)  of  a  series  of  beds  of  coal,  seen  in  the  face  of  a  nearly 

Perpendicular  precipice,  about  300  feet  above  the  bottom  of  the  valley 

on  the  north  side.    Three  or  four  miles  west  of  this,  and  at  a  horizon 

P'^tiably  500  feet  lower,  in  Division  M,  of  Dr.  Bannister's  section,  there 

IS  a  bed  15  to  18  inches  in  thickness,  almost  entirely  composed  of  mil- 
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lions  of  shells  of  Anomia  and  Ostrea,  together  with  a  few  of  Corbula^  Car- 
biculaj  Modiola,  and  Ooniohasis,  all  apparently  of  different  species  from  (bat 
some  of  them  very  closely  allied  to)  those  foand  higher  in  the  series. 
Again,  at  Bock  Springs,  perhaps  twelve  miles  farther  westward,  and 
not  far  below  the  horizon  of  the  last-mentioned  localities,  we  foand 
nnmerons  specimens  of  Corbulay  Ostrea^  CorMeula^  Modiola^  and  Gonioba- 
sis^  all  associated  in  the  same  bed,  the  species  being  again  distinct,  except- 
ing probably  the  CorbicuJu  and  Ostreay  from  those  foand  at  any  of  the 
other  localities,  though  the  Corbula  and  Ooniobasis  are  of  the  same  type 
as  those  found  at  Black  Butte. 

At  Black  Butte  Station,  in  the  bed  containing  most  of  the  shells  al- 
ready mentioned  as»  occurring  there,  we  found,  along  with  numerous 
specimens  of  beautiful  impressions  of  leaves  of  dicotyledonous  trees, 
some  large  bones  of  a  huge  reptilian.*  We  also  observed  nearly  all 
through  this  formation  impressions  of  the  leaves  of  the  higher  types  of 
dicotyledonous  trees,  in  some  instances  belonging  to  the  same  genera 
as  those  composing  our  existing  forests  of  the  temperate  zone;  also 
fragments  of  fan-palm  leaves,  and  the  stems  of  marine  plants.t 

From  such  a  group  of  organic  remains,  it  seems  scarcely  to  admit  of 
doubt  that  this  formation  was  deposited  in  a  body  of  water,  which, 
although  salt  enough  to  permit  the  existence  of  some  marine  types,  was 
still  probably  so  tempered  by  the  influx  of  the  streams  that  brought  in 
the  land  and  fresh-water  remains,  as  to  be  at  least  unfavorable  to  the 
extensive  development  of  marine  life.  The  presence  of  numerous  beds 
and  seams  of  coal  also  indicate  that  there  were  alternate  elevations  and 
depressions  of  this  whole  region  during  the  deposition  of  this  formation. 
That  is,  if  we  admit  the  most  generally  accepted  theory  that  such  de- 
posits of  coal  were  formed  by  the  growth,  on  the  spot,  of  vegetation  in 
marshes  at,  or  a  little  above,  the  sea-level.  Because  we  find  some 
marine  or  brackish  water  types  between  nearly  all  the  coal-beds,  thus 
showing  that  after  the  accumulation  of  the  material  of  each  bed  of  coal, 
it  was  again  covered  by  salt,  or  at  least  strongly  brackish,  water. 

It  is  not  necessary,  however,  to  suppose  that  each  elevation  was  equal 
to  the  preceding  subsidence,  because  the  accumulation  of  sedimentary 
matter  during  the  interval  probably  largely  compensated  for  the  sink- 
ing, so  that  the  elevations  may  have  been  comparatively  very  slight  to 
bring  the  bottom  again  slightly  above  the  sea-level.  At  any  rate,  what- 
ever theory  we  may  adopt  in  regard  to  the  formation  of  such  coals,  it 
appears  exceedingly  improbable  that  the  coal  beds  of  this  region  were 
formed  by  the  drifting  together  of  the  trunks  and  fragments  of  treea 
and  other  vegetation ;  because,  although  we  sometimes  see  small  frag- 
ments of  this  coal  showing  woody  structure,  as  we  do  in  those  of  the  old 
Carboniferous  period,  they  are  not  in  any  proper  sense  lignite,  so  far  as 
structure  is  concerned,  but  seem  to  have  been  mainly  formed  by  the 
growth  and  accumulation  of  smaller  kinds  of  vegetation,  and  are  as 
persistent,  compact,  and  homogeneous  as  any  of  the  old  bituminous 
varieties. 

From  near  Salt  Wells  southeastward  to  Black  Butte  Station,  this 
—  -  -  ■ . — — ^^— 

*  On  hearing  of  these  discoveries  from  some  friends  fh>m  the  East,  to  Trhom  I  had 
mentioned  the  same  at  Salt  Lake  City^  Professor  Cope  visited  the  locality  on  his  retam 
home,  some  time  in  An^nst,  1872,  and  dug  out  more  of  the  hones  of  the  reptilian,  which 
he  soon  after  described  m  a  paper  sent  on  to  the  Philosophical  Society,  as  the  type  of  a 
new  genus  of  Dinosanrians,  under  the  name  Agathaunuu  aylvestria,  and  expressed  the 
opinion  that  it  proves  the  rock  to  be  Cretaceous. 

t  All  of  the  remains  of  plants  collected  from  this  and  other  formations  by  the  Surrey, 
have  been  ably  reported  on  by  Professor  Lesquereus. 
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formation  shows  a  gentle  eastward  dip,  which  causes  it  to  pass  under 
another  very  similar  series  of  strata,  to  which  Dr.  Hayden  has  applied 
the  name  Washakie  group.  In  the  latter,  so  far  as  our  present  knowl- 
edge extends,  only  fresh  water  and  land  types  of  fossils  have  yet  been 
found,  and  we  have  always  regarded  it  as  being  of  Tertiary  age.  Exactly 
where  the  one  ends  and  the  other  begins  we  did  not  see;  though  the 
Bitter  Greek  series  certainly  come  eastward  to  division  E  of  Dr.  Bannis- 
tei^s  section,  at  Black  Butte,  as  we  found  its  characteristic  molluscan 
remains  there  in  the  same  bed  containing  the  reptilian  bones. 

Between  Black  Butte  and  Bitter  Creek  Stations  (separated  by  a  dis- 
tance of  only  about  six  miles  by  a  right  line  east  and  west)  we  ob- 
eenred  no  marked  change  of  lithological  characters,  from  the  Bitter 
Cieek  series  to  the  Washakie  group,  while  the  two  series  seemed  to  be 
conformable  in  dip.  Although  our  observations  in  this  interval  were 
too  limited  to  warrant  a  positive  opinion  on  that  point,  we  left  Black 
Bntte  Station  under  the  impression  that  the  brackish- water  types  of  the 
Bitter  Creek  series  probably  extend  little,  if  any,  higher  in  the  series, 
or  farther  eastward,  than  the  tops  of  the  hills  near  Black  Butte. 

At  Salt  Wells  station,  which  is  situated  in  an  anticlinal,  owing  to  the 
rising  of  the  strata,  as  we  come  westward,  (see  Dr.  Bannister's  section,) 
a  lower  series  of  rocks  comes  up  from  beneath  the  Bitter  Greek  beds. 
This  lower  group  consists  of  thin  layers  of  grayish  and  drab  slabby 
sandstones,  and  shales  with,  at  places,  some  appearances  of  coal  in  the 
upper  part.  It  seems  to  be  conformable  with  the  Bitter  Creek  series, 
and  probably  belongs  to  the  Cretaceous,  though  we  saw  no  fossils  in  it. 
From  exposures  seen  near  Salt  Wells,  there  would  appear  to  be  700  to 
possibly  1,000  feet  of  these  lower  rocks  here,  above  the  valley. 

In  going  westward  from  Salt  Wells  station  we  soon  observe  a  reverse 
of  dip,  and  the  Bitter  Creek  beds  again  appear,  dipping  westward  or 
northwestward*  At,  and  near  Hock  Springs,  extensive  coal-beds  occur 
in  this  formation,  and  here  we  found  associated  with  or  near  one  of  these 
beds  the  fresh,  brackish,  and  salt-water  types  of  shells  already  men- 
tioned. The  dip  of  the  strata  here  is  to  the  northwestward,  at  an  angle 
of  yp  to  12^  below  the  horizon,  so  that  a  short  distance  farther  west 
the  whole  group  passes  under  a  great  series  of  whitish,  greenish,  and 
at  places  reddish  laminated  clay  of  Tertiary  age,  forming  Dr.  Hayden's 
Green  River  group,  and  rising  into  hills  700  to  800  feet  in  height  above 
the  valley.  The  strata  of  this  latter  group  are  distinctly  unconformable 
to  those  of  the  Bitter  Creek  series,  their  dip  being  only  2©  to  3^  west- 
ward. 

Bat,  returning  to  the  question  respecting  the  age  of  this  Bitter  Creek 
series,  it  may  be  stated,  in  the  first  place,  that  Mr.  Emmons  evidently 
regarded  it  as  Cretaceous,  as  may  be  seen  from  his  remarks  in  Mr. 
King's  report,  published  in  1870 ;  while  Dr.  Hayden  favored  the  conclu- 
fiion  that  it  is  a  marine  Tertiary  group,  or  a  transition  series  between 
the  Tertiary  and  Cretaceous,  in  his  reports  of  that  and  the  following 
years. 

The  only  fossils  I  had  ever  seen  from  this  formation,  previous  to  vis- 
iting the  region  during  the  past  summer,  were  two  species  of  Ostrea 
and  one  of  Anamia  from  Point  of  Bocks;  and  two  shells,  one,  or  possi- 
hly  both,  related  to  CorMcuIay  from  Hallville.  Those  from  Point  of 
Bocks  I  referred  to  the  Cretaceous,  placing  them  in  the  Cretaceous  list, 
ia  Dr.  Hayden's  report  of  1871.  This  I  did,  mainly  because  there  were 
among  them  no  fresh- water,  or  strictly  brackish- water  tyi)es;  while  up 
to  this  time  we  know  of  no  Tertiary  of  exclusively  marine  origin  in  all 
this  internal  region  of.  the  continent.    I  was  also,  in  part,  influenced  in 
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making  this  reference  by  the  similarity  of  one  of  the  oysters  to  a  Cre- 
taceous species  foand  in  California,  while  the  Anomia  likewise  closely 
resembled  a  Texas  Cretaceous  shell,  described  by  Boemer  under  the 
name  of  Ostrea  anomiceformisj  which  certainly  seems  not  to  be  a  true 
oyster.  The  two  shells  from  Hallville,  however,  I  referred  to  the  Eocene, 
not  only  because  they  are  very  closely  allied  to  Eocene  brackish-water 
forms  from  the  Paris  Basin,  (peculiar  depressed  and  elongated  forms  of 
Corbiculay  t)  but  because  I  was  not  aware  at  the  time  that  the  Hallville 
mines  occur  in  the  same  formation  as  the  Point  of  Eock  beds,  nor  even 
within  fifty  to  seventy-five  miles  of  the  same  locality.  Hallville  is  not 
laid  down  on  any  map  I  have  even  yet  seen,  and  I  was  entirely  ignorant 
of  its  position,  both  geologically  and  geographically,  with  relation  to 
Point  of  Bocks ;  and  as  the  species  were  new,  I  had  no  other  guide 
than  their  affinities,  which  would  certainly  place  them  in  the  Tertiary. 

On  visiting  these  localities,  however,  last  summer,  I  was  somewhat 
surprised  to  find  that  the  Hallville  mines  are  only  some  seven  or  eight 
miles  from  Point  of  Eocks,  and  belong  to  the  same  geological  formation. 
A  careful  examination  also  soon  rendered  it  evident  that  all  of  the  rocks, 
for  1,600  to  1,800  feet  or  more  above  the  Hallville  coal-beds,  up  to  and 
including  the  stratum  in  which  we  found  the  large  reptilian  remains  at 
Black  Butte,  and  for  even  a  little  greater  thickness  below  the  Hallville 
horizon,  certainly  belong  to  the  same  group  or  series  of  strata;  and  that 
fresh  and  brackish- water  types  of  fossils  occur  along  with  salt-water 
forms,  at  all  horizons,  wherever  we  found  any  organic  remains  through- 
out this  whole  series. 

As  we  discovered  in  these  rocks  between  three  and  four  times  as 
many  species  of  fossils  as  had  been  previously  known  from  the  same,  it 
becomes  a  matter  of  some  interest  to  consider  the  whole  with  regard  to 
their  bearing  on  the  question  as  to  the  age  of  the  group.  The  reptiliaii 
remains  found  at  Black  Butte,  near  the  top  of  the  series,  have,  as  else- 
where stated,  been  investigated  by  Professor  Cope,  and  by  him  pro- 
nounced to  be  decidedly  Dinosaurian  and,  therefore,  indicative  of  Cre- 
taceous age;  on  the  other  hand,  the  fossil  plants  from  the  same  beds 
have  been  studied  by  Professor  Lesqnereux,  who  informs  me  that  they 
are  unquestionable  Tertiary  types.  My  own  investigations  having  been 
confined  to  the  invertebrates,  it  is  of  these  chiefly  that  I  will  speak  here. 
In  the  first  place,  it  will  be  seen  that  aU  of  these  yet  known  belong  to  a 
few  genera  of  mollusks,  represented  by  some  twelve  or  fourteen  species* 
And  just  here  it  may  be  stated  that,  although  partly  committed  in  favor 
of  the  opinion  that  this  formation  belongs  to  the  Cretaceous,  and  still 
provisionally  viewing  it  as  most  probably  such,  I  do  not  wish  to  dis- 
guise or  conceal  the  Sict  that  the  evidence  favoring  this  conclusion  to 
be  derived  firom  the  mollusks  alone,  as  now  known,  is  by  no  means  strong 
or  convincing.  The  genera  are  probably  all  common,  both  to  the  Cre- 
taceous and  Tertiary,  as  well  as  to  the  present  epoch,  unless  Leptestheg 
and  Velaritinaj  which  have  been  separated  subgenerically  from  CarbundOj 
may  be  distinct  genera^  the  European  representatives  of  these  being 
mainly,  if  not  entirely.  Tertiary  forms,  while  they  do  not  appear  to  in- 
clude living  species.  Goniobwis  is  also  not  known  in  either  Cretaceous 
or  Tertiary  rocks  of  the  Old  World ;  but  then  it  is  an  American  type, 
greatly  developed  among  our  existing  moUusca,  as  well  as  in  the  tar 
western  Tertiary  rocks,  and  we  can  scarcely  doubt  that  it  will  be  found 
in  unquestionable  Cretaceous  beds  there,  even  if  some  of  the  imperfect 
specimens  already  known  from  tbe  same  are  not  such.  It  should  be 
remembered,  however,  that  even  the  specimens  I  have  referred  to  this 
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genus  from  the  Bitter  Creek  beds  are  not  iu  a  condition  to  show  the 
aperture,  beyond  doubt,  to  possess  the  characters  of  Ooniolmsis. 

The  entire  absence  among  the  fossils  yet  known  from  this  formation 
of  BacuUteSy  ScajihiteSj  AncyloceraSj  PtyehoeeraSy  Ammonites,  Oyrodesy 
Anchura.  InoceramuSj  and  all  of  the  other  long  list  of  genera  character- 
istic of  the  Cretaceous,  or  in  part  also  extending  into  older  rocks,  cer- 
tainly leaves  its  molluscan  fauna  with  a  strong  Tertiary  facies.  Nor 
can  we  quite  satisfactorily  explain  this  away  on  the  ground  that  the 
water  in  which  this  series  of  rocks  was  deposited  partook  too  much 
of  the  character  of  that  of  an  estuary,  to  have  permitted  the  existence 
of  any  of  these  marine  genera,  because  we  do  find  iu  it  the  genus  Ostrea, 
Anomiaj  and  JUodiola,  which  probably  required  water  salt  enough  to 
have  permitted  the  existence  of  InoceramuSj  Anchura,  and  Oyrodes,  if 
not  of  some  or  all  of  the  genera  mentioned  above.  Indeed,  at  Coalville, 
we  find  Inoceramtis  associated  with  some  brackish- water  types,  and  the 
additional  Cretaceous  genera,  Cyprimeraj  Ancliura,  Oyrodes,  &c.,  in 
closely-associated  beds. 

When  we  come  to  consider  the  invertebrate  fossils  yet  known  from 
this  formation,  in  their  specific  relations,  we  find  all,  with  possibly  two 
or  three  exceptions,  new  to  science  and  different  from  those  yet  found 
either  at  Bear  River,  Coalville,  or  indeed  elsewhere  in  any  established 
horizon ;  so  that  we  can  scarcely  more  than  conjecture  from  their 
specific  affinities  to  known  forms  as  to  the  probable  age  of  the  rocks  in 
\?hich  we  find  them.  Considered  in  this  respect  their  evidence,  how- 
ever, is  conflicting.  Two  of  the  species  of  Corbulay  for  instance,  (0. 
iropidophora  and  (7.  undiferay)  are  most  similar  to  species  found  in  the 
brackish-water  beds,  at  the  mouth  of  Judith  River  on  the  Upper  Missouri, 
that  we  have  always  considered  Lower  Tertiary ;  though  there  are  some 
reason  for  suspecting  that  they  may  be  Upper  Cretaceous.  A  Corbicula, 
both  from  the  Black  Butte  and  Point  of  Rocks  localities,  is  even  so  very 
nearly  like  C.  cytheriformis  from  the  Judith  River  beds,  that  I  have 
referred  it  doubtfully  to  that  species. 

Again,  the  species  Anomia  gryphorhynchusy  found  so  abundantly  at 
Point  of  Rocks,  in  the  same  bed  with  the  above-mentioned  Carbicula 
and  Corbula  tropidophora,  so  closely  resembles  a  Texas  Cretaceous  shell 
described  by  Roemer  under  the  name  Ostrea  anomia^rmiSy  that  I  am 
strongly  inclined  to  suspect  they  may  be  the  same ;  though  whether 
identical  or  not,  at  least  our  shell  is  certainly  not  an  oyster,  as  it  has  its 
mnscolar  and  cartilage  scars  precisely  as  in  Aiuymiay  while  its  beak  is 
never  marginal,  and  it  has  no  ligament  area.  In  all  of  these,  (and 
indeed  in  all  other  characters,)  the  Texas  shell,  as  illustrated  by  Roemer, 
seems  to  agree  precisely  with  ours,  excepting  that  he  represents  it  as 
having  only  one  central  muscular  scar,  instead  of  three.  In  many  of 
OUT  specimens,  however,  the  two  smaller  of  these  scars  are  very  obscure, 
and  might  be  easOy  overlooked.  It  is  true  he  figures  a  nearly  flat 
valve  without  any  byssal  perforation,  and  a  convex  one,  as  opposite 
valves;  and,  if  they  are  such,  the  shell  would  certainly  not  be  aa 
AwmUi.  Among  a  large  collection  of  our  shells,  including  thousands 
of  specimens,  however,  I  have  not  yet  seen  a  single  perforated  valve, 
though  they  vary  much  in  convexity,  some  of  the  valves  being  nearly 
w  depressed  as  the  one  Roemer  figures  as  the  upper  valve,  supposing 
It  to  be  an  oyster.  If  these  depressed  specimens  in  our  collection  are 
opposite  valves  to  the  convex  ones,  then  the  shell  would  neither  be  aa 
Ovtrea  nor  an  Anomiay  but  would  almost  certainly  fall  into  Morris  and 
^ycett^s  genus  FlacunopsiSy  which,  so  far  as  known  in  Europe,  is  a  • 
<'Qras8ic  group.    Consequently,  if  our  shell  should  fall  into  that  genuS| 
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it  wonldy  when  viewed  in  connection  with  its  associates,  and  all  tbe 
other  known  facts,  famish  a  strong  argument  in  favor  of  the  formatioii 
being  at  least  as  old  as  the  Cretaceous.  There  are  good  reasons,  how- 
ever, for  believing  these  depressed  specimens,  as  well  as  the  convex 
ones,  are  all  npper  valves  of  the  same  shell,  only  modified  in  convexity 
by  accidental  circnmstances  of  station,  as  their  slight  obliquity  as  seen, 
tbr  instance,  in  a  look  at  the  interior  of  both,  is  found  to  be  in  the  same 
direction,  instead  of  the  reverse,  as  would  be  the  case  if  they  were  oppo- 
site valves  of  the  same  shell ;  while  among  thousands  of  specimens  no 
example  of  a  depressed  and  a  convex  valve  nnited  has  been  seen,  nor 
have  any  been  found  that  would  come  near  fitting  together. 

On  the  other  hand,  the  Corbicnlas  are  decidedly  Tertiary  in  their 
specific  affinities,  as  well  as  in  their  subgeneric;  Cfractaj  for  instance, 
and  (7.  crdssatellifarmis,  from  the  Hallville  mines,  being  very  closely 
allied  to  Paris  Basin  Tertiary  forms,  the  first-mentioned  species  being 
the  type  of  a  subgenus,  so  far  as  known,  peculiar  to  the  Tertiary  else- 
where. The  same  may  also  be  said  of  C.  cytheriformiSj  which  also  "seems 
to  belong  to  a  group  ( Veloritina)  peculiar  to  the  Tertimry  in  Europe. 

But  the  most  surprising  fact  to  me,  supposing  this  to  be  a  Cretaceous 
formation,  is,  that  we  fonnd  directly  associated  with  the  reptilian  remains 
at  Black  Butte,  a  shell  I  cannot  distinguish  from  Vivipartis  Irochiformis^ 
originally  described  from  the  Lignitic  formation  at  Fort  Clark^  on  the 
Upper  Missouri,  a  formation  that  has  always  been  regarded  as  Tertiary 
by  all  who  have  studied  its  fossils,  both  animal  and  vegetable.  The 
specimen  mentioned  does  not  show  the  aperture,  nor  all  of  the  body 
volution  5  but,  as  far  as  can  be  seen,  it  agrees  so  exactly  with  that  very 
peculiar  species  in  size,  the  form  and  proportions  of  its  volutions,  the 
slopes  of  its  spires,  its  surface  markings,  the  nature  of  its  suture,  and, 
in  fact,  in  every  respect  so  far  as  can  be  seen,  that  I  have  scarcely  any 
doubt  of  its  identity  with  the  same. 

The  occurrence  of  this  last-mentioned  species  here,  along  with  a  Cre- 
taceous type  of  reptilian,  and  a  Corbicula  apparently  identical  with  C 
eytheriformis  of  the  Juditn  Eiver  brackish-water  beds,  together  with  the 
presence  of  Corbulas  very  closely  allied  to  Judith  Eiver  species,  at  lower 
horizons  in  this  series,  and  the  occurrence  of  some  vertebrates  of  Cre- 
taceous afiinities  at  the  Judith  Eiver  localities,  would  certainly  strongly 
favor  the  conclusion,  not  only  that  this  Judith  formation,  the  age  of 
which  has  so  long  been  in  doubt,  is  also  Cretaceous ;  but  that  even  the 
higher  fresh-water  lignite  formation  at  Fort  Clark  and  other  Upper 
Missouri  localities  may  also  be  Upper  Cretaceous  instead  of  Lower  Ter- 
tiary. 

That  the  Judith  Eiver  beds  may  be  Cretaceous,  I  am,  in  the  light  of 
all  now  known  of  the  geology  of  this  great  internal  region  of  the  con- 
tinent, rather  inclined  to  beiieve.  But  it  would  take  very  strong  evi- 
dence to  convince  me  that  the  higher  fresh-water  lignite  series  of  the 
Upper  Missouri  is  more  ancient  than  the  Lower  Eocene.  That  they  are 
not  is  certainly  strongly  indicated,  not  only  by  the  modern  affinities  of 
their  molluscan  remains,  but  also  by  the  state  of  the  preservation  of  the 
latter.  Indeed,  these  shells  (PlanorbiSj  ViviparuSy  Qoniohasis^  Phym^ 
&c.)  are  found  loose,  as  they  fall  from  the  incoherent  sand  in  great 
numbers,  so  entirely  free  from  adhering  matrix,  either  internal  or  exter- 
nal, and  so  little  changed,  that  any  one  not  familiar  with  the  existing 
species  of  the  country  would  naturally  think  them  merely  dead  sheila 
of  the  same,  picked  up  along  the  shores  of  the  streams.  The  entire 
flora  of  this  Upper  Missouri  lignite  group  has  also  always  been  consid- 
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ered,  by  ibe  highest  aatborities  on  that  department  of  paleontology, 
unquestionably  Tertiary. 

From  the  foregoing  remarks  it  will  be  seen  that  our  present  informa- 
tion in  regard  to  the  age  of  the  Bitter  Greek  series  may  be  summarily 
stated  as  follows : 

1.  That  it  is  conformable  to  an  extensive  fresh-water  Tertiary  forma- 
tion above,  from  which  it  does  not  differ  materially  in  litbological 
diaracters,  excepting  in  containing  numerous  beds  and  seams  of  coal.* 

2.  That  it  seems  also  to  be  conformable  to  a  somewhat  differently 
composed  gronp  of  strata  (1,000  feet,  or  possibly  much  more  in  thick- 
ness) below,  apparently  containing  little  if  any  coal,  and  believed  to  be 
€f  Cretaceous  age. 

3.  That  it  shows  no  essential  difference  of  litbological  characters  from 
the  Cretaceons  coal-bearing  rocks  at  Bear  Eiver  and  Coalville. 

L  That  .its  entire  group  of  vegetable  remains  (as  determined  by  Pro- 
fessor Lesqnereax)  presents  exclusively  and  decidedly  Tertiary  afOlnities, 
exciting  one  peculiar  marine  plant,  {Halyfnenites^)  which  also  occurs 
thousands  of  feet  beneath  undoubted  Cretaceous  fossils,  at  Coalville,  in 
Uteh.f 

5.  That  all  of  its  animal  remains  yet  known  are  specifically  different 
from  any  of  those  hitherto  found  in  any  of  the  other  formations  of  this 
region,  or,  with  perhaps  two,  or  possibly  three  exceptions,  elsewhere. 

6.  That  all  of  its  known  invertebrate  remains  are  mollusks,  consisting 
of  about  thirteen  species  and  varieties  of  marine,  brackish,  and  fresh- 
water types,  none  of  which  belong  to  genera  peculiar  to  the  Cretaceous 
or  any  older  rocks,  but  all  to  such  as  are  alike  common  to  the  Creta- 
ceous, Tertiary,  and  present  epochs,  with  possibly  the  exception  of 
OoniobasiSj  (which  is  not  yet  certainly  known  from  the  Cretaceous.) 

7.  That,  on  the  one  hand,  two  or  three  of  its  species  belong  to  sec- 
tions or  subgenera  (Leptesthea  and  Veloritina)  apparently  characteristic 
of  the  Eocene  Tertiary  of  Europe,  and  are  even  very  closely  allied  to 
species  of  that  age  found  in  the  Paris  Basin :  while,  on  the  other  hand, 
oae  species  seems  to  be  conspecific  with,  ana  two  congeneric  with,  (and 
closely  related  specifically  to,)  forms  found  in  brackish- water  beds  on 
the  Upper  Missouri,  containing  vertebrate  remains  most  nearly  allied  to 
types  hitherto  deemed  characteristic  of  the  Cretaceous. 

8.  That  one  species  of  Anomi4i  found  in  it  is  very  similar  to  a  Texas 
Cretaceous  shell,  and  perhaps  specifically  identical  with  it;  while  a 
TiviparuSj  found  in  one  of  the  upper  beds,  is  almost  certainly  identical 
with  the  F.  trochiformis  of  the  fresh-water  Lignite  formation  of  the 
Upper  Missouri ;  a  formation  that  has  always,  and  by  all  authorities, 
beien  considered  Tertiary. 

9.  That  the  only  vertebrate  remains  yet  found  in  it  are  those  of  a  large 
reptilian,  (occurring  in  direct  association  with  the  Viviparus  mentioned 
above,)  which,  according  to  Professor  Cope,  is  a  decidedly  Cretaceous 
type,  being,  as  he  states,  a  huge  Dinosaurian. 

It  thus  becomes  manifest  that  the  paleontological  evidence  bearing 
on  the  question  of  the  age  of  this  formation,  so  far  as  yet  known,  is  of  a 
very  conflicting  nature ;  though  aside  from  the  Dinosaurian,  the  organic 
remains  favor  the  conclusion  that  it  is  Tertiary.  The  testimony  of  the 
plants,  however,  on  this  point,  although  they  doubtless  represent  what 
would  be  in  Europe  considered  clearly  a  Tertiary  flora,  is  weakened  by 

*  See  Mr.  Banuister's  section,  farther  on. 

tThis  foMil,  however,  I  am  informed  by  Professor  Lesquereux,  likewise  occurs  at 

numeioas  localities  in  Colorado  and  elsewhere,  in  beds  he  regards  as  decidedly  Ter- 
tiary. 
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the  fact  that  we  already  know  that  there  is  in  Nebraska  in  dearly  Ore- 
taceoas  rocks,  a  flora  that  was  referred  by  the  highest  European  aathor- 
ity  to  the  Miocene.  I  do  not  know,  however,  how  far  Professor  Les- 
querenx's  opinion  that  the  Bitter  Greek  plants  are  Tertiary  may  resk 
upon  specific  identifications  among  them  of  forms  known  to  oocor  iD 
well  determined  Tertialry  rocks  elsewhere. 

TERTIARY  AGE. 

Braclcishrwater  beds  of  Bear  Rivera — In  redemption  of  the  promise 
made,  I  now  return  to  the  consideration  of  the  age  of  the  brackish- water 
beds  of  Bear  Eiver,  (division  28  of  sec.  — ,  on  p.  — .)  These  have  al- 
ways been  regarded  by  me  provisionally  as  Lower  Eocene,  not  only 
becanse  their  included  fossil  remains  were  closely  related  to  forms 
occurring  in  the  Eocene  lignite  beds  and  deposits  of  the  Paris  Basin 
and  the  month  of  the  Khone,  but  also  because  none  of  them  belonged 
to  characteristic  Cretaceous  types.  If,  however,  the  beds  of  Bitter 
Greek  and  the  Judith  Eiver  should  finally  prove  to  be  Gretaceoas, 
the  brackish- water  beds  in  question  must  probably  be  relegated  to  the 
same  epoch,  though  they  are  not  known  to  hold  any  species  in  common 
with  the  Bitter  Creek  beds,  and  but  one  with  those  of  Judith  Biver. 
Their  approximate  conformability  with  Cretaceous  beds,  indicating  dis^ 
turbance  and  upheaval  at  the  same  time,  favors  this  conclusion.  I  may 
add  that  I  have  not  been  wholly  without  the  suspicion  that  they  might 
prove  to  be  Cretaceous,  and  in  a  report  to  Mr.  Clarence  King,  published 
in  his  report  on  the  geological  survey  of  the  fortieth  parallel,  (vol.  3,  p. 
466,)  I  summed  up  my  conclusions  in  the  following  terms: 

While  I  am  therefore  willing  to  admit  that  facts  may  yet  be  discovered  that  will  warrant 
the  conclasion  that  some  of  these  estaary  beds,  so  widely  distribated  here,  shoald  be  in- 
cluded rather  in  the  Cretaceous  than  in  the  Tertiary,  it  seems  to  me  that  BQcheTidenoe 
must  either  come  from  included  vertebrate  remains,  or  from  further  discoveries  respect- 
ing the  stratigraphical  position  of  these  beds  with  relation  to  other  established  hori- 
zons, since  all  the  molluscan  remains  yet  known  from  them  (my  own  opinions  are  en- 
tirely based  on  the  latter)  seem  to  point  to  a  later  origin. 

This  paragraph  has  been  misunderstood  by  Professor  Cope,t  who  has 
brought  it  into  context  with  the  statement  respecting  the  age  of  the  Bitter 
Greek  coal  strata,  and  asserted  that  the  nearest  approximation  to  the 
point  of  identification  of  the  Bitter  Creek  strata  with  the  Cretaceous 
were  thus  made  by  myself,  and  conveyed  the  impression  that  no  positive 
reference  had  been  made  of  any  of  the  Bear  Eiver  beds  to  this  period. 
This,  however,  as  has  been  shown  elsewhere,  had  been  done  in  the  most 
unequivocal  manner  with  regard  to  the  deposits  of  marine  coal  at  Bear 
Eiver  City,  Wyoming,  as  well  as  at  Coalville,  Utah. 

I  had  intended  to  make  more  extended  remarks  on  the  several  Ter- 
tiary deposits  referred  to,  and  to  have  given  lists  of  fossils  firom  them, 
but  sudden  illness,  and  the  necessity  for  sending  copy  without  further 
delay  to  the  Public  Printer,  have  compelled  the  relinquishment  for 
the  present  of  such  design. 

*  Until  some  decidedly  Cretaceous  fossils  have  been  somewhere  found  in  or  aboT« 
these  beds,  they  may  be  left  in  the  lower  Eocene.  Our  discovery  of  a  group  of  fredi- 
water  shells  as  modern  in  appearance  as  these  (though  all  different  species)  at  Coal- 
viUe,  far  down  in  the  Cretaceous,  shows  how  cautious  we  should  be  iu  deciding  sack 
questions. 

t  Proceedings  American  Philosophical  Society.  Extras  dated  in  MSS.  February  7, 1873. 


LISTS  OF  FOSSILS  COLLECTED. 


SILUEIAN  SPECIES. 

XA8T   BEDS    OF    GALLATIN  BIYEB,  ABOVE  GALLATIN  CITY,  MONTANA^ 

First  or  upper  division. 

Names.  Bemarks. 

1.  lAngulepis.* 

2.  Coiu>ewryphe» Merely  fragments. 

3.  Bathyurus  (t) ^.Merely  fragments. 

4.  Asaphus  (f ) Merely  fragments. 

Second  division. 

5.  Acrotreta. 

6.  Lingula A  very  small  shining  species. 

Third  division, 

7.  Acrotreta  subconica,  Kntorga.f 

8.  Iphidea  sculptilis^  Meek See  description  in  this  report. 

9.  Hyolithes   gregaria^    {Theca  gre- 

garia.  M.  and  H.) Mere  cast,  bnt  agrees  in  size  and 

form  with  this  species. 

10.  Agnostus  bidensj  Meek| 

11.  Conocoryphe       (Conocephalites) 

GallaHnensiSy  Meek See  description  in  this  report. 

*  Two  specimens  only  of  this  fossil  are  contained  in  the  coUection.  These  have  ex- 
actly the  outline,  and  agree  weU  in  most  other  respects  with  a  form  Professor  Hall  has 
referredi  donbifnlly,  to  the  shorter  valve  of  L.  pinnoeformis,  Owen,  from  the  horizon  of 
the  Potsdam,  It  also  shows  the  same  radiating  stri»  seen  on  exfoliated  specimens  of 
that  species,  and  has  its  beak  truncated,  as  in  Fie.  15,  pi.  6,  Begents'  Sixteenth  Beport 
on  state  Cab,  N.  H.,  New  York ;  though  casts  of  the  internal  markings,  as  seen  throngh 
the  translacent  shell,  seem  not  to  present  a  flabelliform  appearance,  as  in  Professor 
Hall's  fignie  cited,  but  have  the  same  elongated  trilobate  outline  seen  in  the  other 
valve  of  L.  ptntuBformis, 

tThis  little  sheU  seems  to  be  very  similar  to  Entorga's  species,  but  it  has  the  ventral 
Talve  more  elevated  than  A,  gemma,  Billings,  and  the  false  area  marked  by  a  distinct 
mesial  furrow,  said  not  to  be  defined  in  latter.  The  larger  specimens  measure  0.15 
inch  from  the  front  to  the  apex  of  the  ventral  valve  and  0.11  inch  in  breadth.  The 
beak  of  this  valve  is  pointed,  and  generally  bent  slightly  forward.  The  surface  is  a 
deep  brownish  color,  shining  as  in  Lingula,  and  marked  by  minute  lines  of  growth.  It 
is  quite  probable  that  a  direct  comparison  of  specimens  would  show  our  species  to  be 
distinct  from  the  Bussian  shell.    If  so,  I  would  propose  to  caU  the  species  A,  attmuata. 

X  Besembles  A,  pieiformia,  Linn.,  (sp.,)  but  has  a  proportionally  shorter  pyffidinm, 
more  truncated  between  the  posterior  pioints  j  while  its  mesial  lobe  is  shorter, liigher, 
and  surmounted  by  a  prominent  node  anteriorly,  and  more  flattened  and  pointed  be- 
hind, without  any  traces  of  a  mesial  transverse  furrow.  Its  head  is  still  more  nearly 
like  that  of  A.  piaiformUf  bnt  wants  the  mesial  furrow  extending  forward  from  the 
glabella  to  the  anterior  margin.  Its  glabella  is  most  prominent  behind,  where  it  shows- 
a  tendency  to  sweU  into  a  little  node.    Surface  finely  granular. 
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12.  Conocoryphe , Undetermined  fragments. 

13.  Bathyurus  (!)  Eaydenii,  Meek . . .  Described  in  this  report. 

14.  Bathyurus  serratm^  Meek Described  in  this  report. 

Fourth  or  lotcest  division. 

15.  Cruziaiia  • 

16.  LinguUZj  or  Lingulepis Imperfect  specimens.  ! 

17.  Conocoryplie  . , Fragments. 

18.  Bathyurus^  or  Asaphus Fragments. 

FLAT-HEAD  PASS,  MONTANA. 
Names.  Remarks. 

1.  Bathyurellus{DiJcelocep1ialusl) 

truncatus,  Meek * Described  in  this  report 

2.  Bathyurellus,  (Asaphiscus  t) Described  in  this  report. 

NEAR  MALADE  CITY,  NORTHERN  UTAH. 
Names.  Remarks. 

1.  Camerella  Calcifera,  Billings.t 

2.  Orthis  hippolitCj  Billings.  (t)| 

3.  Orthis Yery  finely    striated  and  like  0. 

electray  Billings. 

4.  Orthis A  larger  and  more  compressed^ 

cies. 

5.  Euomphaltis(^)trochiscus^'Meek^. 

6.  Euomphalus  (?)       rotuliformis^ 

Meek. 

7.  EuompkaluSyOV  OpMleta. 

8.  Agnostus  JosephUy  Hall(l).|| 

9.  Conocoryphe Fragments  of  perhaps  several  q^ 

cies. 

10.  BathyurelltLS  (Asaphiscus)  Brad- 

leyij  Meek Described  in  this  report. 

11.  Bathyurus  Saffordi^  Billings... Only  the  pygidinm,  bnt  agrees  ex- 

actly  with  Ganstdian  specimeni 
sent  by  Mr.  Billings. 

*  The  name  Cruziana,  d'Orbigny,  1842,  ( Voy.  dans  VAmer.  Merid.,  t.  3,  part  2d,  p.  30,) 
haying  priority  over  Eusophycus,  (BywibjaiiycuSj)  Hall,  1852,  will  have  to  be  retained  for 
these  cnrious  fossils. 

t  The  specimens  are  all  separate  valves,  more  or  less  broken,  or  pardy  hidden  in  tbe 
matrix ;  but  so  far  as  can  be  seen  they  certainl  v  agree  well  in  size  and  aU  external 
characters  with  Mr.  BiUin^'  species,  with  possibly  the  exception  of  having  a  some- 
what wider  and  deeper  mesial  sinns  and  more  prominent  mesial  fold. 

t  Agrees  pretty  nearly  with  the  Canadian  shell,  though  its  mesial  sinns  is  somewfaal 
wider  and  deeper.  It  may  be  distinct,  bat  the  specimens  are  too  imperfect  for  satisfiM- 
tory  comparison. 

$  These  have  been  described  in  the  Procee<1ing8  of  the  Academy  Natural  Science^ 
Philadelphia,  Ap.,  1870,  p.  61,  and  will  be  figured  in  Mr.  King*s  report. 

tl  The  specimens  of  this  little  trilobite  seem  to  agree  closely  with  Professor  HalFi 
species  excepting  in  some  of  the  minute  and  apparently  variable  details  of  tbe  mesiMl 
lobe  of  the  nead  and  pygidium.  8o  far  as  I  have  been  able  te  see,  however,  it  would 
also  seem  not  to  have  the  posterior  lateral  angles  of  the  cheeks  armed  with  little  pnh 
jecting  points,  as  in  the  Wisconsin  species.  If  these  little  spines  do  not  exist  in  our 
specimens,  (none  of  which  are  in  a  condition  to  remove  all  doubts  on  this  point,)  they 
would  almost  certainly  belong  to  a  distinct  Bi>eciee,  in  which  case  I  would  propose  fee 
the  name  Agnostvs  Alalad^nsis. 
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12.  BaOiyuruB^  or  Diilr^IoaepAaliM... Fragments. 

13.  Bathpurellus  (DikeloeepkalM  (1) 

truncatu8j  Meek Described iu thisreport.  Occnrsalso 

at  Flat-Head  Pass. 

14.  AMphtu  {Megalaspi8  (f)  ganio- 

earcusj  Meek Described  in  this  report    Occurs  at 

Flat-Head  Pass. 

WEST  FACE  OP  BIG  HOBN  MOITNTAIN,  HEAD  BUFFALO  FOBK. 
Kainee.  Bemarks. 

1.  Oonooor^Ae,  and,  perhaps,  i>ite- 

loeephalw^ Mere  fragments. 

CARBONIFEROUS  SPECIES. 

OUTLET  OF  MYSTIC  LAKE,  MONTANA. 

KuDM*  Bemarks. 

1.  Zaphrentis A  small  species. 

2.  Zapkrentis Fragment  of  a  large  species  appar- 

ently of  this  gen  as. 

3.  PHlodietya  {SHetopara  t)   dietp- 

otay  Meekf 

4.  Ptylodictya A  merely  branching  species. 

5.  FmesteUa One  or  two  species. 

Q,  JETemiprantteser^M^rta, Phillips. Rather  more  finely  striated  than 

usnaL 

7.  ChaneUs An  abundant  medium  sized  species 

with  very  fine,  dichotomous,  radi- 
ated strisB,  crossed  by  very  minute 
concentric  strise ;  spines  of  cardi- 
nal margin,  five  on  each  side  oi 
beak. 

&  Produetus  longispinnSy  Sowerby  .A  small  form,  apparently  agreeing 

with  Sowerby's  species. 

9.  Produchu  scdbrieuluSj  Martin (f). Specimens  fragmentary. 

10.  Bhynehonelia. 

11.  ^rifeTj  (Martinia) Of  medium  size. 

12.  I^rifer  (Martinia)  Zineato,  Mar- 

tin. 

13.  Bpiri/er Similar  to  some  varities  of  8.  incre- 

bescens,  Hall,  which  Mr.  Davidson 
thought  not  distinct  from  8.  bisul- 
oata. 

*  The  only  part  in  the  collection  certainly  known  to  belong  to  this  speciee  is  the 
^gidinm.  This  has  much  the  general  appearance  of  tb<^  corresponding  part  of  a  trilo- 
ttce,  figured  by  Mr.  Billings,  under  the  name  of  Aaaphug  quadratioaudataaf  (Paleont., 
Canada,  p.  27  L,  Fig.  258,^  but  its  lateral  margins  are  straighter  and  its  mesial  lobe 
proportionally  longer,  with  only  three  to  five  segments  that  pass  straight  across,  in- 
■tead  of  eight  or  nine  arching  forward.  Its  lateral  lobes  show  three  or  mur  short  seg- 
iDenlB,  instead  of  only  one,  while  they  and  the  lateral  marfriuB  show  no  traces  of  the 
•tm  seen  on  Mr.  Billings's  species.  Its  lateral  and  posterior  flattened  margins  are 
nore  saddenly  defined  from  the  swell  of  the  lateral  lobes. 

t  An  anastomosing  species,  with  divisions  about  0.10  to  0.12  inch  in  breadth,  by  0.04 
to  0.05  inch  in  thickness,  and  connecting  so  as  to  form  a  reticulated  structure,  with 
feoestmles  of  a  more  or  less  oval  form,  about  0.24  inch  in  lensth  by  0.16  inch  in  breadth. 
Pores  small,  with  slightly  raised  ma:  gins,  having  the  usuarquincnncial  arrangement, 
and  forming  six  to  eight  longitudinal  rows ;  non-poriferous  margins  rather  sharp,  and 
of  moderate  breadth. 

30  a  s 
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1^.  Spirifer With  hiDge-liDemnch  extended,  and 

smaller  and  more  Dumerous  costx 
then  the  last,  being  much  like  & 
biplicatus,  Hall,  from  the  horizon 
of  the  Waverley  Group,  Ohio. 

15.  Spirifer  MyaticensiSy  Meek.* 

16.  Betzia. 

GAl^ON,  EAST  SIDE  OF  MADISON  BIYEB,  MONTANA. 
Names.  Bemarlu. 

1.  Platycrinites Detached  base. 

2.  Pot€riocrinite8. 

3.  BemipronitescrenistfiajFhiWips. Some  finely  striated  varities foood 

at  Mystic  Lake. 

4.  Strophomena  analoga^  Phillips. 

5.  Productmsemireticulatvji^^^TtXu. 

C.  Froducttis  longispintMj  Sowerby(t)Same  as  No.  8  of  list  from  Mystic 

Lake. 

7.  Productus  8C(ibriculu8yMBTtin{1),Ssi\ne  as  No.  9  of  list  from  Mystic 

Lake. 

8.  Chonetes ...Same  as  No.  7  of  list  from  Mystic 

Lake. 

9.  Rhynchonella Same  a«  No.  10  of  list  from  Mystic 

Lake. 

10.  Retzia,  (fragments) 

11.  JSpirifer ;. .Same  as  No.  13  of  list  from  Mystic 

Lake. 

12.  Spirifer  My8tieen9i8,  Meek. 

13.  Spiruer  (Martinia). 

14.  Terebratulaf  (fragments) 

15.  Platycerds An  arcuate  conical  species. 

10.  EuomphaluSj  (fragments  of  large 

species.) 

17.  Pleurotomaria,  (t) 

BRIDGES  PEAK,  NEAB  FOBT  ELLIS,  MONTANA. 
Names.  Bemarks. 

1.  Litliostration A  compound  species  with  small  cor- 

allites. 

2.  Hemipronitea  crenistriay  Phillips  (f  )San]e  variety  as  No.  6,  Mystic  Lake 

list. 

3.  Heniipronites A  much  more  finely  striated  species. 

4.  Producivs  longispintiSj  Sowerby  (t) .  Same  as  No.  8,  Mystic  Lake,  and  G, 

Gaiion,  east  side'  Madison  Biver. 

CAMP  NO.  19,  AUGUST  2,  1872,  IDAHO  TEBBITOBY. 
Names.  Bemarks, 

1.  LaphophyUum, 

2.  Zaphrentis. 

*  A  medium  sized,  very  transverae  species,  with  mncronate  lateral  extremitieBy  wA 
12  to  15  Bimple,  radiating  costte  on  each  lateral  slope  of  each  vale ;  mesial  sinas  mode, 
exteuded  to  the  beak,  with  one  rib  iu  its  bottom,  and  rarely  faint  traces  of  anodieroB 
one  or  both  sides  of  this  toward  the  front ;  cardinal  area,  of  moderate  heiffbt,  veil 
defiued,  and  more  or  less  arched  with  the  beak.  Besembles  8.  HmeMlU,  HiSl,  (Iov« 
Beport,)  in  size  and  form,  bat  wants  the  lamellose  imbricating  conoentric  strii»  wan 
on  that  species. 
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3.  Mkkelinia Small  irregular  corallites. 

4.  Syringopora^ 

5.  Ch&netes Same  as  No.  7,  Mystic  Lake. 

6.  Produetus Like  P.  scahrieuluSy  same  as  "So,  9, 

Mystic  Lake. 

7.  Hemipronites  ereaistriaj  Phillips. 

8.  SpirifeTj  (Martinia) Same  as  No.  10,  Mystic  Lake,  and 

.   No.  13,  East  Madison  Biver. 

9.  Spirifer. 

10.  EuampkaluSy  (fragments.) 

BLACK-TAIL  DEEB  CREEK,  MONTANA. 
Names.  Remarks. 

1.  J?«/iipr(wit^c«creiii»Ma, Phillips  (!)  Same  as  at  Mystic  Lake;   Canon, 

East  Madison  Eiver,  &c. 

2.  Chmetes Same  aa  No.  7,  Mystic  Lake  5  No.  8 

Caiion,  East  Madison  Eiver,  &c. 

3.  Ehjinckanella Bather  SDiall  plicated,  sabtrigonal ; 

very  abundant  species. 

4.  Spirifer  lineaius^  Martin.(f) 

5.  Spirifer Same  as  No.  12,  Mystic  Lake. 

6.  iSpirifer Same  as  No.  14,  Mystic  Lake. 

NORTH  GROS-YENTRES  BUTTE,  WYOMING. 

Names.  Remarks. 

1.  Zaphreniis. 

2.  £e7»itpromte9 creni^fna,  Phillips  (t)Same  as  at  Mystic  Lake,  east  side 

Madison  Eiver,  Bridger  Peak,  &c. 

3.  Spirifer Same  as  No.  12  at  Mystic  Lake,  &c. 

4.  SpirifeTy  (Martinia) Same  as  No.  10  at  Mystic  Lake,  &c. 

.   FLAT-HEAD  PASS,  MONTANA. 
Names.  Remarks. 

1.  Zaphrentis A  small  arcuated  turbinate  form. 

2.  Sifringopora.^ 

3.  Hemipronites    crenistria,    Phil- 

lips (t) Same  as  at  Mystic  Lake,  Gros- Ven- 
tres Butte,  &c. 

4.  Bkynehondla Fragment  rather  large,  strongly  pli- 

cated species. 

5.  ^rifer Same  as  No.  12,  Mystic  Lake,  &c. 

NORTH  SIDE  HENRY'S  LAKE,  IDAHO. 
Names.  Remarks. 

1.  Eemipronites  crenistria,  Phillips  (!)Same  variety  as  at  Mystic  Lake,  &c. 

2.  Prodi«cti««caftncttZtt*,  Martin  (f)sp.  Do.  ;  do. 

3.  Spirifer Same  as  No.  12,  Mystic  Lake,  &c. 

i.  Terebraiula. 

OAKON  WEST  OF  GALLATIN  RIVER,  MONTANA. 
Names.  Remarks. 

1.  Chatetes Very  slender  ramose  species. 

2.  Zaphrentis. 

3.  Sipringopora. 
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4.  Platycrinitei Merely  the  elliptic  disk  of  tbeeohinn 

5.  Fenestella. 

6.  Herhipranite$  erenistria,   Phil- 

lip8(1) : Same  as  at  Mystic  Lake,  &c. 

7.  Strophamena  analogdj  Phillips.  .Same  as  from  caiLoD,  East  Oallatia 

River. 

8.  Choneiea Same  as  at  Mystic  Lake,  &c. 

9.  FrodMotM  9emiretioulatu$j  Mar- . 

tin .'Same  as  at  east  side  Madisou  fiiver. 

10.  Productus Small  hemispherical  species. 

11.  Productusl  ongispiniUj    Sower- 

by(t) Same  as  from  Mystic  Lake  Gauon, 

East  Madison  Kiver,  &c. 

12.  Rhynchonella Same  as  from  Mystic  Lake. 

13.  Retzia. 

14.  Spirifer  MysticensiSj  Meek Same  as  from  Mystic  Lake,  &c. 

15;  Athyris  or  Martinia. 

16.  Spiri/er .Same  as  ^o.  12,  Mystic  Lake. 

17.  Euomphalvs. 

LYON  HILL,  OPHER,  EAST  OAHTOlf ,  UTAH. 
Names.  RemArks. 

1.  Fenestella Yery  like  F.  pldx^a^  McCoy,  and  like 

one  at  Old  Baldy. 

2.  Chastetes Slender  ramose. 

3.  Crinoids ^ -Joints  of  columns. 

4.  Productus  semiretieulatuSy  Mar- 

tin (I) 

5.  BhynckoneUiL 

6.  PhUlipsia  t Fragments  of  pygidium. 

SWAN  VALLEY,  IDAHO. 
Names.  Remarks. 

1.  Syringqpora  (I) Very  imperfect,  bat  looks  like  Sym- 

gapera. 

2.  Avioulcpecten  (t) Yery  small  smooth  species,  like  this 

genus,  but  may  be  an  Entolitm*  . 

3.  Bivalve Small,  undetermined. 

4.  Bhynckonella. 
6.  Spirifer. 

"  OLD  BALDY,"  NEAR  VIRGINIA  OITY,  MONTANA. 
Names.  Remarks. 

1.  Marine  plant,  like  Fuoddea  cau- 

dagalli. 

2.  Zaphreniia  excentrica^  Meek.* 

■  — 

*  A  large,  slightly  curved,  short  torbioate  species,  with  fossiUa  on  the  dorsal  side; 
septa  about  seventy  of  principal  series,  which  extend  inward  so  as  to  leave  a  modtf^ 
fitely  broad,  smooth  space  at  the  bottom  of  the  calyx  near  the  dorsal  nide,  wbilsae 
many  more  shorter  and  more  slender  ones  alternate  with  the  larger;  tal»oto  traw- 
verso,  vci-y  closely  arranged,  and  occupying  a  wide  excentric  spaoe;  8QiToaDdib|r 
vesicular  zone  sometimes  very  wide  on  ventral  side:  epitheca  nnknowa.  (Fbr  fiu* 
description  and  figures  see  Mr.  King's  Report  Survey  Fortieth  ParaUel.) 
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3.  Zf^hreiUU A  small,  slightly  cnrved   species, 

with  fossnla  ventral. 
4  MicMinia Like  M.  teiiui8epta,  Phillips'  (spe- 
cies.) 

5.  ChosteUs Slender  ramose  species 

6.  Flatycrinites  (f ) Arms  and  fragments  of  colnmns. 

7.  PUUif»^ite8  Hayd09iij  Meek.* 

8.  Pentr^mites  s^metricus^  Hall  ..As  fiir  as  can  be  determined  from 

the  specimens,  it  seems  to  agree 
well  with  P.  s^metricus, 

9.  PmtremitesOodaniLDeft9knee{1) 
VK  Pcterioerinitm      MinOanaenHs^ 

Meek.t 

11.  Eriiommms  {^) Body  only,  apparently  of  a  species 

of  this  genns. 

12.  PtUodietya. 

l^  FenetfteUa Very    delicate;     like    F.   pUiefaj 

McCoy, 

14.  PtUopora. 

15.  Strophomena  analogay  Phillips. 

16.  OrMs  resupinatOj  Martin. 

17.  Chonetes A  medinm-sized,  very  finely  striated 

species. 
18b  ProAuoius  9emireticuUiim^  Mar- 
tin, (species) A  small,  snicated,  strongly  arcuate, 

and  produced  variety,  apparently 
of  this  species. 

19.  Proiuctus  AlUmeiMiSj  N.  &  P. 

20.  ProduetuMScahriculus^^Bitm  (f) 

21.  Productus    'PrattenanuSj    Nor- 

wood. 

22.  Produetus  cora^  d'Orbigny  (t).  ..This  agrees  with  Enropean  shells, 

refeired  to  d'Orbigny's  species: 
bnt  is  more  finely  striated,  ana 
much  more  produced,  than  d'Or- 
bigny's  type. 

23.  ProimctMS A  narrower,  strongly  arched,  much 

produced  species,  marked  by 
small,  very  obscure  concentric 
wrinkles,  and  very  small,  slightly 
elongated,  raised  i>oints,  that  may 
have  supported  minute  spines. 

24.  Jffem^rontfMcrsfiMtna,  Phillips, 

(species.) 

25.  Camarophoria Yery  similar  to  C  globulina^  Phillips. 

26.  A%m  snbtilita,  Rail. 

•*  A  small  species,  with  a  cnp-shaped  body,  lonnded  below  to  a  circular  af  taofament 
for  the  column ;  body-platee  smooth,  or  obscarely  grannlar,  and  Joined  by  slightly 
grooved  sntoree:  arms  twenty,  slender,  each  dividing  once  on  the  second  j^iece  airave 
their  origin  on  tne  very  small  second' radials,  composed  each  of  a  single  series  of  small 
pieees,  (as  liiP.«o<iofrradUalM,  HaU,  Iowa  Beport,  p.  542.)  bearing  pinnules  alternately 
OD  IhexT  inner  lateral  ends. 

tAamaU  spemea  with  an  elongate  oboonical  body,  composed  of  smooth  plates,  and 
Biipiiort«d  on  a  nmnd  colamn ;  arms  lone,  slender,  apparently  simple  above  tlieir  origin 
OD  the  faMt  radials,  and  composed  of  sm sill  pieces,  every  third  one  of  which  bears,  alter* 
nately  on  opposite  sides,  a  long  pinnule. 
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26.  Spirifer  lineatu^j  Martin,  (spe- 

cies.) 

27.  Spirifer Like  some  forms  of  8.  increbeieem^ 

HalL 

28.  Spirifer  triradialiSy  Phillips  (f )• 

29.  Spirtferina    octopHcatOy     Sow- 

erby May  be  the  same  as  S.  KentueJcenm^ 

Sham. 

30.  Betzia  vera,  Hall  (!) 

31.  2(^re&ra^u{aarcuato,  Swallow (t). Almost  certainly  the  same  as  T, 

bomdenSj  Morton. 

32.  Terebratula A  small  species  possibly  identical 

with  T.  turgiddy  HalL 

33.  Astartella  Newberryi^  Meek  (f) .  .1  can  see  no  difference  in  the  sin^e 

specimen  examined,  from  the  Ohio 
species. 

34.  Cypricardina Has  the  external  appearance  of  the 

genus. 

35.  Platyceras. 

36.  Pleurotomaria  spliijerulatay  Con- 

rad  The  specimen  agrees  well  with  de- 
pressed varieties  of  Mr.  Conrad's 
species  from  the  western  coal- 
measures. 

37.  Euomphalm Fragments  of  cast  of  a  large  species. 

38.  Phillipsia Fragments. 

« 

DrVlDB  BETWEEN  BOSS  FORK  AND  LINCOLN  VALLEY,  MONTANA 

Names.  Bemarks.  * 

1.  Zaphrentis  Stanshuryi^  Hall  (t) 

2.  Gyathophyllum    subcae^pitosumy 

Meek.t 

3.  Lophophyllum  or  Cyathaxonia'.  ..Perhaps  more  than  one  small  spe- 

cies. 

4.  Syringopara. 

5.  Plaiycrinus Body  only,  of  a  very  small  glohose 

species. 

6.  Pentremites  Bradleyiy  Meek.} 

7.  Pentremites  Godoni^  Defrance(?) 

8.  Pentremites  eonoidevsj  Hall. 

*  A  very  abundant,  gregarioofi  little  shell,  closely  resembling  S,  triradialU,  Tar.  sfxra- 
dialis,  as  illustrated  by  Mr.  Davidson,  excepting  tuat  the  largest  of  hundreds  of  speci- 
mens are  less  than  one-fourth  the  size  of  wellnleveloped  individuals  of  that  form.  U 
also  differs  in  being  constantly  wider  than  long,  instead  of  the  reverse,  and  in  hating 
the  beak  of  its  ventral  valve  always  proportionally  shorter :  while  it  shows  a  faiot 
snlcus  along  the  mesial  fold  toward  the  front,  and  a  corresponaing  very  slight  ridge  Id 
the  bottom  of  the  sinus  of  the  other  valve.  I  think  it  probably  a  new  species.  &80, 
it  may  be  called  8»  agelaius, 

1 1  have  figured  and  described  this  species  in  Mr.  King's  unpublished  report.  Its 
corallites  are  long,  cylindrical,  more  or  less  flexuous,  and  loosely  brancliing  instead  of 

growing  in  compact,  fasciculated,  or  asterform  masses,  as  in  C.  ecsspitoeum,  Goldfoss.   It 
as  a  more  developed,  more  transTersely  wrinkled,  and  less  striated  epitheoa  (whoa 
not  worn)  than  Goldfuss's  species. 

(  A  small  species  like  P.  Koninckiama,  Hall,  but  shorter  below,  and  having  its  paend- 
ambulacra  more  deeply  excavated  along  the  middle,  with  tneir  pore  pieces  more 
trans^erse.^ 
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9.  Fentremites  stilxxmaideuSt  Meek.* 

10.  Melanites A    siDgle,  very  thick,  hexapronal, 

iuterambulacral  plate,  with  outer 
surface  a  little  convex,  and  grau- 
lar. 

12.  Eemipronites Very  small  or  only  about  onebalf 

inch  in  diameter,  with  a  high 
triangular  area. 

13.  Ptoductus Abonthalf  an  inch  in  diameter,  very 

gibbous :  beak  narrow,  Btvougly 
incurved;  surface  smooth,  or 
apparently  so. 

IL  Productus Like  P.  biserialiSy  Hall. 

15.  FroductMS  wmiretieulatuSy  Mar- 
tin, (species) Large  and  well  developed. 

IG.  Productus  longispinus^  Sowerby .  Of  usual  size. 

17.  Ekjfnehonella  macra^  Hall  (?) 

18.  EhynehoneUay  mutatta^  Hall  (f ) 

19.  Athyris Small,  and  like  Ath,  hirsuta^  Hall. 

20.  Retzia  Vemieuilianaj  Hall 

21.  Slpiri/er Very  small,  like  a  miniature  8.  opt- 

mu8j  H. 

22.  I^ri/erina Like  S,  spinosa  {Spirifera  spinosaj 

H.,)  but  smaller,  and  apparently 
without  spine-bases. 

23.  Terebratula  turgidOj  Hall. 

24.  Nucula  Shumarduy  Hall. 

25.  Matrodan  (I) 

26.  Cypricardina  Indianensia^  {CypH- 

cardella  IfUiianengiSy  Hall.) 

27.  CypruMrddla  plicaiaj  BaUCi) 

28.  Cypticardellambelliptica^  Hall  (f) 

29.  I^umtlana7ia»uUiiNuculana9uta^ 

Hallf) 

30.  Gimocardium  Meehianum^  Hall  (f ) 

31.  Platycercts One  or  more  small  species. 

32.  Buon^halus  SpurgenensiSj  Hall. 

33.  Naticapsis Like    Naticopsis     Carleyi    (Natica 

Carleyi^  Hall.) 
3i  BeUtrophon Two  small,  smooth  species. 

35.  Holopea Fragments  of  very  small  species. 

36.  Pleuroiomaria * Very  small. 

37.  Cythere Very  near  0.  carbonariay  Hall. 

3$.  Spirorhis  amtutata^  Hall. 

39.  Pkillipsia Fragments  of  small  species. 

JURASSIC  SPECIES. 

IV£AB  LOWER  CANON  OF  TELLOWSTONE  RIVEB. 
Hames.  Reraarka. 

1.  Aj^Bekinoid Mainly  acast  of  small  species  of  an 

undetermined  genus. 

*A  very  small)  obcoDic  species,  much  prodaced  below  the  psend-ambalacral  areas, 
which  are  very  abort,  or  almost  confined  to  the  snmmit,  as  in  Codaster,  though  it  is  a 
true  PaUremite, 
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2.  Ostrea Small  speeiroens,  of  perhaps  two  or 

three  speeies. 

3.  Oryphcm A  Binall  siiecies  of  form  of  the  6. 

dilatata. 

4.  Camptonectes Specimen  imperfect ;    may  be   C. 

bellisiriata^  M.  aDd  H. 

5.  Pecten Part  of  a  valve  of  a  rather  large. 

strougly  costate  species.   Not  k 
true  typical  Pecten. 

6.  Pinna Near  P.  opalina^  Qaeastedt. 

7.  QervUUa  MontanasmiSy  Meek.* 

8.  Oervillia Somewhat  larger  than  the  last,  bou 

not  costate. 

9.  Mjftilus Has  angular  nmbonal  dopes,  and 

only  concentric  markings. 

10.  Modiola (Vulsella) Bubimbrioatay 

Meek.t 

11.  Modiola  ( Vulsella) A  shorter,  wider,  and  less  arcuate 

Siiecies  than  the  last. 

12.  Trigonia  Americana^MeelL^X 

13.  Triffonia  MontanasnsiSj^eek.^ 

14.  Crassatella  (t) It  has  the  external  appearance  of 

this   genus,  bat   may  belong  to 
some  other. 

15.  Crassatella  (1) Internal  casts  apparently  of  species 

of  this  genus. 

16.  CucuUtea Casts. 

17.  Astarie(1) .A  small  shell  like  some  of  the  Jaras- 

sic  species  sometimes  referred  to 
this  genus. 

18.  Unicardium Casts  apparently  of  a  species  of  this 

genus. 

19.  Myacites  (Pleuromya)    subcam- 

pressoj  Meek.ll 

*  A  medinm-Bizedy  very  obliqae  species,  with  posterior  ear  flattened  and  of  moderate 
size,  angular  at  the  extremity,  and  equaling,  on  the  hinse  line,  aboat  half  the  leugtb 
of  the  valves ;  body  portion  of  the  valves  rather  slender,  nearly  straight,  or  a  ItUle 
arched,  ranging  at  an  ansle  of  38^  to  30^  below  the  hinge  line,  in  the  left  ralve  con- 
vex, in  the  right  flattened,  or  less  convex  than  in  the  other.  Snrlace  of  both  valvtB 
marked  by  fine  concentric  8tri»,  and  a  few  stronger  furrows  of  growth,  crossed  on  the 
body  part  of  the  left  valve,  by  a  few  slender  radiating  costs,  separated  by  wider 
spaces. 

t  This  is  very  like  Modiola  imhrioataj  Sowerhy,  as  illustrated  by  Morris  and  Lyoett,  in 
their  Monogr.  MolL  Gr.  Oolite,  PI.  lY,  Fig.  2,  excepting  that  its  anterior  veAtc^  por 
tiou,  in  front  of  the  nmbonal  ridges,  is  more  prominent,  and  its  posterior  basal  extrem- 
ity more  produced  and  narrowed.  It  is  much  less  like  Sowerby's  original  figure  of 
that  species. 

t  A  fine  species  of  the  type  of  T.  ooitata  of  the  Old  World,  but  differing  from  that  and 
the  other  allied  forms,  in  having  the  radiating  costce  of  the  corselet,  or  poaterior  donil 
region,  all  of  uniform  size. 

^  Of  the  type  of  T.  Hgnata,  Agassiz,  but  differing  in  its  proportionaUy  shorter  ibnn, 
with  smaller  nodiferous  oost»,  while  it  has  a  row  of  nodes  down  the  anterior  latenl 
region  of  each  valve,  nearly  as  in  T.  navie,  Lamarck. 

n  Resembles  some  varieties  of  PUuromyaferruginea  and  P.tmpreuOf  Agassis,  bat  has  the 
anterior  end  shorter  and  more  truncated,  the  concentric  ridges  of  less  regularity,  and  the 
slight  concavity  extending  from  the  beaks  to  the  anterior  basal  margins  of  the  valves, 
eltuer  entirely  wanting  or  very  feebly  marked.  I  have  fully  described  and  iUnstiatod 
this  shell  in  tne  unpublished  paleontological  part  of  Mr.  King's  report. 
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20.  Pholadam^  Kinffii^  Meek  * 

2T.  OoniamyaMonianaenau^Heek.^ 

23,  Ammonites Mere  fragments. 

SPRINa  CA!?0N,  HONTA17A. 

Lower  bed» 

Namee.  Remarks. 

%  Plants Fragments  of  the  same  forms  seen  at 

Devil's  Slide,  Yellowstone  Biver. 

2.  PUeatula An    imperfect  valve-impression    of 

one  valve  seen  in  the  matrix. 

3u  Camptanectes Same  as  No.  4,  near  Lower  Ca£Lon, 

Yellowstone. 

4.  Pinna Same  as  No.  6,  near  Lower  Gaiion,^ 

Yellowstone,  being  very  like  P.* 
opalina^  Quenstetlt. 

5.  MytUus.,.. Sane  as  No.  9,  from  Lower  Gafion, 

Yellowstone. 
G.  Moiiola  ( YvlseUa)  subimhricaia^ 

Meek Same  as  No.  10,  from  Lower  CaQon, 

Yellowstone. 

7.  Trigonia  Americana^  Meek Same  as  No.  11,  from  Lower  Gaiion, 

Yellowstone. 

8.  Myacites  (PUuromya)   sviboom^ 

pressa,  Meek Same  as  No.  19,  from  Lower  Gallon, 

Yellowstone. 

Upper  bed, 

9.  Ogtrea A  small  undetermined,  species. 

10.  Campionectes. 

11.  BkynehaneUa. 

m 

NEAR  FORT  HALL,  IDAHO. 

Lower  bed. 

Names.  Remarks. 

1.  Pseudomonotis       {Eumicrotu) 

curtaj  Hall,  (sp.) Very  small  and  in  great  numbers. 

Upper  bed. 

2.  Terei^atuld. 

3.  MjfUlus. 

*  An  elon^te-oblODg  species^  quite  convex  in  nmbonal  region,  with  beaks  moderately 
proffiinttDty  incurred)  and  placed  near  the  rounded  anterior  end.  The  posterior  end  is 
more  narrowlv  ronnded  and  moderately  gaping.  The  narrow  radiating  ooste  are 
wanting  mi  the  ends  and  posterior  dorsal  region ;  the  anterior  ones  (which  descend 
Terfcicaily  from  the  beaks)  are  most  widely  separated,  while  those  fbrther  back  are 
more  closely  arranged  and  more  obliqne. 

t  Ekngate-oblong,  moderately  convex,  anterior  maivin  regnlarly  ronnded,  posterior 
tnmeated,  dorsal  and  ventral  margins  nearly  parallel,  beaks  depressed,  and  placed  near 
the  anterior  end.  Sarfiaoe  having  wrinkles  or  cost»  starting  from  before  the  beaks 
and  passing  obliqoely  backward  and  near  half  way  to  the  base,  where  they  die  oat,  or 
become  very  obscnre,  and  carve  horizontaUy  backward  to  meet  others  passing  down 
the  posterior  dorsal  slooes. 
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4.  Myophoria Mere  casts,  apparcDtly  of  this  genns. 

5.  Macrodon Mere  casts,  apparently  of  this  geiiifs. 

6.  MycLcites Mere  casts,  apparently  of  this  genus. 

devil's  SLIDE,  CINNABAR  MOUNTAIN,  YELLOWSTONE  RIVEB. 
Names.  Remarks. 

1.  GrypluBa   calceola^  Qaenstedt, 

var. 

2.  Cueulkea Internal   cast,   apparently   of  this 

genus. 

3.  Camptonectes, 

4.  Trigonia  elegantissimaj  Meek.* 

5.  Corimya  MontanaensiSj  Meek.f 

6.  Myacites  {PUuromya)  subcom- 

pressa^  Meek. 

7.  Pholadomya. 

8.  Ammonites, 

CRETACEOUS  LIST. 

NEAR  THE    MISSOURI  RIVER,  BELOW  GALLATIN,  MONTANA. 
Names.  Remarks. 

1.  Ostrea  anamioiieSy  Meek. 

2.  Trigonia Nearly  allied  to  T.  Evansi^  Mi»ek. 

Same  as  No.  3,  from  Cinnabar 
Mountain. 

3.  Corbicula  (Veloritina)  infiexa^ 

Meek. 

4.  Corbicula  ( Veloritina) Like  the   last,  excepting    that  its 

beaks  are  more  oblique,  mote 
nearly  terminal,  and  more  de- 
pressed. May  be  a  variety  of 
same. 

5.  Corbicula  ( Veloritina) A  small  and  proportionally  shorter 

form. 

6.  Cardium A  rather  small,  nearly  circular  spe- 

cies, with  fine  radiating  strise. 

7.  Inoceramus , Fragments. 

8.  Phareli4i(^)  PeaZei,  Meek. 

9.  Avicula Small  species. 

10.  Avicula(l) Small ;  of  the  type  of  A.  rarieo^^ 

Beuss. 

11.  Modiola Small,  smooth  species. 

12.  Mytilus Casts. 

13.  Tellina Casts. 

14.  Corbula. 

15.  Anchura Bough  mold  in  matrix. 

*  A  small  species  of  tbe  type  of  T,  eostaia,  bat  having  the  coiieentrio  or  horiceiHiil 
costse  on  the  sides  of  the  valves  very  delicate,  closely  arranged,  and  bat  sliglitly 
larger  than  the  radiating  ones  on  the  posterior  dorsal  region,  or  corselet.  Tbe  valrei 
are  rather  compressed,  abont  one-foorth  longer  than  wide,  and  have  the  posterior 
nmbonal  slopes  acutely  angalar. 

t  This  is  very  similar  to  some  varieties  of  C,  gldbray  Agassiz,  bnt  it  is  a  smaUer,  pro- 
portionally shorter,  and  more  convex  shell,  with  the  anterior  margina  just  in  front  of 
the  beaks  more  excavated. 
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COLORADO    SPRINGS,  COLORADO. 

CretaceouSy  Ko,  4. 

I     Names.  Remarks. 

L  Inoceramus Fragments  of  casts. 

2.  Callista  (I) '.,....   Fragments. 

3.  AnUomyon  alveolus^  Meek. 

LAST  FOOT    OF  BRIDGER  PEAK,  POUR  MILES  NORTH    OF  FORT  ELLIS, 

MONTANA. 

Names.  Remarks. 

L  OphUyderma  (t)      BrldgeremiSy ' 
Meek.* 

2.  Oryphcea Obscure  casts  of  a  small  species. 

3.  Aticula Gasts. 

4.  Piwna A  rather  large,  narrow  species,  with 

longitudinal  costad. 
6.  Inoeeramvis Fragments  of  casts. 

6.  Crassatella Casts. 

7.  Panop<ea  (f) Fragments. 

8.  Pkoladamya Fragments. 

9.  Tvrritella Casts. 

10.  Oyrades. 

CINNABAR    MOUNTAIN,  YELLOWSTONE  VALLEY,  MONTANA. 
Names.  Remarks. 

L  OMrea Casts  of  a  small  species. 

2.  Inoceramus - . .  Fragments  of  casts. 

3.  Trigonia Of  Cretaceous  type,  nearly  allied  to 

4.  Corimya T.  Evansij  Meek. 

4  Corimya  J  or  Thracia Casts  of  a  small  species. 

5.  Baculites A  small  slender  species,  like  -B.  asper^ 

Morton. 

6.  Scaphites  ventrieosuSj  Meek. 

ROCK    CREEK. 
Names.  Remarks. 

1.  Inoceramus, 

2.  Ammonites     percarinatuSy    H. 

and  M. 

3.  Ammonites^  (undetermined  sp.) 

4.  Scaphiies  WarrenanuSy  M.  and 

H. 

5.  Scaphiies  larviformiSj  M.  and  H. 

6.  Sc^es  and  other  fragments  of 

fishes. 

*  A  smaU  Opbimrian,  with  disk  (lepreesed^  nearly  circular,  and  only  0.17  inch  ia 
IwMdthy  showing  on  the  dorsal  side  ten  oyate-sntrigonal  radial  plants,  that  arc  Joined 
t^l^stlier  over  the  inner  ends  of  the  arms,  so  as  to  form  five  pairs ;  arms  small,  or  only  about 
0.75  inch  in  length,  and  at  their  inner  ends  O.OC  inch  in  breadth ;  middle  row  of  ami-pieces 
•Q  thedofaal  dide,  slightly  wider  than  long,  and  hexagonal  in  form;  marginal  pieces 
&boQt  as  large  as  the  middle  ones,  S(*en  somewhat  edgewise  from  above,  and  bearing  a 
rn\«r  of  very  small,  abort  spines.  Ventral  side  unknown.  The  specimen  is  not  weU 
preserved.    Perhaps  I  should  call  it  Ojphiolcpis  Bridgerenns,    ' 
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FOBT  HABKEB. 
Names.  Bemarka. 

1.  Inoceramus'        problematicu8y 

Schloth. 

2.  Baoulites Small,  slender  species. 

LIST    OF    FOSSILS   FBOH    THE    GBETACEOUS    COAL    8EBIES    AT  GOAIr 

YILLE. 

Karnes.  Bemarks. 

1.  Ostrea  soleniscuSj  Meek.*  (a) 

2.  Ostrea  iryowi»^eiwt«,Meek.(f)(a) 

3.  Anomia^  (andetermined  sp.) 

4.  Avicula    (Pseudopteta)    rhyUh 

phoray  Meek,  (a) 

5.  Avicfila(Pseud(^tera)prqpleura^ 

Meek,  (a) 

6.  Avicula  gastrodeSy  Meek,  (a) 

7.  InoceramuB         probleinaticuSy 

Schlotheim. 

8.  JnoeeramtM,  (andetermined  sp.) 

9.  /noceramt^«,  (undetermined  sp.) 

10.  Pinnay  (uDdeterniiueil  sp.) 

11.  Modiola  (Brackydontes)  mtdtili' 

nigeray  Meek.* 

12.  Cardiumcurtumy  M.  and  H. 

13.  Cardium  subcurtumy  Meek.t 

14.  Lticinay  (andetermined  sp.) 

15.  Macroaofiy  (andetermined  sp.) 

16.  UniOy  (undetermined  sp.) 

17.  Trapezium  micronema.  Meek,  (a) 

18.  Cyrena  Carltoni^  Meek,  (a) 

19.  CorhuLay  (two  undetermined  sp.) 

20.  Cyprimera  suhalaiay  Meek.| 
^1.  Cyprimera  (!)  iaonemay  Meek. 

22.  Tellina  (!)  modeatay  Meek.  (6)|| 

23.  TeUina  {Arcopagia)  UtaJiensiSj* 

Meek. 

24.  Martesiay  (andetermined  sp.) 

25.  Oyrodes  depressay  Meek.  (&) 

26.  Neritina  (Neritella)  Bannisterij 

Meek,  (a) 

27.  Neritina     (Neritella)     pisum^ 

Meek,  (a) 

28.  Neritina  {Neritella)  piHformitj 

Meek,  (a) 

,  .  _  -11  11  -       ri  I        ■  Mill    ^11  W  __M LB L I -^ -a— fc^ 

^  Species  marked  with  (a)  are  fuHy  described  in  another  part  of  this  report. 

t  This  is  very  similar  to  C.  curtuMj  M.  and  H.,  bnt  smaller^  with  posterior  vv- 
bonal  slopes,  rounded  instead  of  angular,  and  the  posterior  dorsal  regicm  behind  the 
nmbonal  slopes  not  so  flattened  and  more  distinctly  costated. 

1 1  have  oescribed  this  species  in  Mr.  King's  unpublished  report.  It  is  cwy  lUn  C. 
depresBOj  Conrad,  from  the  Cretaceous  (Bipley  Group)  of  North  Carolina  and  MiM^* 
sippi,  excepting  that  its  beaks  are  less  flattened  and  a  little  farther  fbrwvrd,  and  iti 

J  posterior  dorsal  outiioe,  or  slope,  less  straightened.  Its  anterior  margin  is  also  a  litt)« 
ess  narrowly  rounded  in  outline.  '  I  have  not  seen  its  hinge,  but  cannot  doabt,  iron 
its  external  characters,  that  it  belongs  to  Mr.  Conrad's  genus  Cyprimera,  It  may  even 
prove  to  be  only  a  variety  of  the  North  Carolina  species. 

U  The  species  followed  by  (a)  are  fully  described  in  another  part  of  this  report 
Those  folowed  by  (6)  are  described  in  Mr.  King's  unpublished  report. 
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29.  Kentina  (Bostia  (?)    belhUula^ 

Meek,  (a) 

30.  Neritina     {DosHa  (f)     eardei- 
formiSj  Meek,  (a) 

3L  JBuUma  (T)  inconipicuaj  Meek,  (a) 

32.  JSulima  efirysaliSy  Meek,  (a) 

33.  Eulima  fmmeulaj  Meek,  (a) 

34.  Tufritella  CoalvillensiSj  Meek,  (a) 

35.  TurriteUa  spironema^  Meek,  (a) 

36.  Turritella  (Aelis  (f }  micronamay 

Meek,  (a) 

37.  ildmeto  (i)  rkomboideaj  Meek,  (a) 

38.  iincftif ra/iM|/brmi9,  Meek,  (ft) 

39.  JWiM(^e^tifn«a)6aftM,Meek.(a) 

BEAR  RIYEB  GITT,  CRETACEOUS. 
Namee.  Remarks. 

1.  Ottrea  ^oleniscusj  Meek Two  thin  layers  almost  composed 

of  it. 

2.  Inoceramus  problematicuSj 

Schloth  (f) Occurs  in  great  numbers. 

3w  Tnaceramtis. 

4.  Trapezium  miero7iemay  Meek. 

5.  Caroicula  securis^  Meek. 

6.  Carbicula  cequilateralisy  Meek. 

7.  Oardhim. 

• 

FOSSILS  OF  THE  BITTER   CREEK  COAX  SERIES,  WYOMING. 
Names.  Remarks. 

1.  (Mrea  Wy&mingermSj  Meek*  . .  .Point  of  Bocks. 

2.  Ostrea  arcuatilisj  Meekt About  two  miles  north  of  Hallville, 

and  at  a  considerably  higher 
horizon ;  also  at  Black  Butte,  still 
higher,  and  three  or  four  miles 
farther  eastward. 

3.  OMtrea Two  miles  below  Ppint  of  Eoeks, 

associated  with  Anomia  (f)  grypho- 
rhynehus*     Smaller  and  smoother 
than  the  last. 
1  Afwmia  gryphorhynchus^  Meek*. Same  as  last. 

*  See  descriptioos  in  another  part  of  this  report. 

tThis  is  constantly  snialler,  narrower,  and  nsnally  thinner  and  deeper  than  O. 
V}fiimsm(fmn»j  and  never  has  its  lateral  margins,  toward  the  beaks,  dilated  and  bori* 
zoQtally  flattened,  as  io  that  species.  It  also  differs  in  beinff  sometimes  curved  up,  or 
arcnate,  along  its  entire  length,  almost  like  a  Qrypkma,  tnongb  it  is  often  straight 
without  any  cnrvatnre  of  the  beaks.  Its  sarfaoe  only  shows  rather  obscnre  marks  of 
growth.  It  is  a  form  I  have  long  been  familiar  with  frqpi  this  region,  and  have  some- 
times referred  to  as  resembling  O.  gUibra^  M.  &,  H.,  of  the  Upper  Missonri.  A  compari- 
•on  of  the  better  specimens  iound  last  snmmer,  with  i/.ytadra,  shows  it  to  be  quite 
diflerant,  in  being  much  more  attenuate  at  the  beaks,  and  in  having  a  larger  and 
k>Qger  ligament  area.  I  am  aware  that  the  establishment  of  species  in  the  genus 
Ottrea  is  ansatiafaotory,  but  it  seems  desirable  to  have  a  name  by  which  this  form  can 
he  designated. 
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5.  Modiola Kock  Spring  and  Black  Batte,  stri- 

ated species. 

6.  Corbicula  Bannisterij  Meek* Black  Butte  Station. 

7.  Corbicula  ( Veloritina)  cytherifor- 

miSj  M.  &  H.  (f) Point  of  Bocks  and  Black  Butte. 

8.  Corbicula    (LeptestJies)   fractal 

Meek Hallville,  just  over  coal-bed. 

9.  Corbicula  (Lept.)  fractal   var. 

CTossiuscula* Black  Butte,  saurian  bed. 

10.  Corbicula  (Leptestlies)  crassatelli- 

formiSj  Meek Hallville,  with  C.  fractaj  in  shale 

over  a  bed  of  coal. 

11.  Corbula  crassateUiformis^  Meekt .  Black  Butte  Station,  in  saurian  bed. 

12.  Corbula  tropidopliora^  Meek*  .  ..Two  miles  below  Point  of  Rocks. 

13.  Corbula  undrfera^  Meek* Bock  Spring. 

14.  Ooniobam  insculptOy  Meek*    . .  .Bock  Spring  and  Point  of  Bocks. 

15.  Mclania  (Ooniobasisi)  Wyomin- 

gensii* Black  Butte  saurian  bed. 

16.  Vivipara    trochiformiSj    M.    & 

H.  (I) Black  Butte  saurian  bed. 


TBBTIABY    SPECIES. 

BEAR  RIVER,  ESTUARY  BEDS. 

Names.  Remarks. 

1.  Unio  priscuSy  M.  &  H.  • 

2.  Unto  belUplicatus^  Meek. 

3.  Corbicula  {Veloritina)   DurJceeiy 

Meek. 

4.  Corbula  pyriformiSj  Meek. 

6.  Corbula  Engelmanni^  Meek. 
G.  Goniobasis  chrysaliSj  Meek. 

7.  Viriparus  Conradi,  M.  &  H. 

8.  Melaniho   (Campeloma)    macros- 

pira,  Meek. 

9.  Rhytophorus  pri8CU8,Mee)i. 

*  See  descriptions  in  another  part  of  this  report. 

t  This  shelf  seems  to  have  exactly  the  form,  and  snrface  characters  of  €k>rhieida{t) 
crassateUeformiSf  found  flattened  between  the  lamin»  of  the  shale  over  one  of  the  coal- 
beds  at  Hallville,  much  lower,  in  the  series.  It  is  decidedly  thicker,  however,  and  oe^ 
tainly  has  the  hinge  characters  of  Corlmla.  It  is  true,  I  have  not  seen  clearly  the  binge 
of  the  Hallville  specimens,  but  so  far  as  it  can  be  made  out  it  seems  to  give  indications 
of  a  different  structure.  Still,  I  suspect  that  good  specimens  from  each  locality  woold 
show  that  they  are  not  only  both  Corbnlas,  out  that  they  are  specifically  identical, 
though  it  will  be  better  to  keep  them  separate  for  the  pi;e8ent. 


DESCRIPTIONS  OF  NEW  SPECIES  OF  FOSSILS. 


SILURIAN  FORMS. 
Iphidea  (tt)  sculptilisj  Meek. 

This  fossil  presents  vety  much  the  general  appearance  of  the  ventral 
valve  of  an  Acrotreta.,  being  rounded  on  one  side  and  truncated  on  the 
other,  with  the  apex  moderately  prominent,  and  marginal  on  the  trun- 
cated or  posterior  side,  (viewing  it  as  an  Acrotreta,)  and  with  the  trun- 
cated side  inclined  backward.  It  measures  0.11  inch  in  breadth,  and 
about  the  same  in  length,  with  a  direct  height  to  the  apex  of  0.05  inch. 
Its  surface  has  a  black  shining  api>earance,  indicating  a  phosphatic 
composition  like  Lingular  and  is  marked  by  slender,  interrupted,  rather 
flistant,  radiating  raised  lines,  crossed  by  finer,  much  more  crowded, 
and  very  regular,  sharply-defined,  concentric  striae.  So  far  as  can  be 
seen,  there  seems  to  be  no  peribration  in  the  apex. 

On  first  looking  at  these  little  shells,  which  occur  associated  with  a  well- 
defined  Acrotreta^  I  had  not  the  slightest  doubt  that  they  belonged  to  a 
depressed  species  of  that  genus.  By  cutting  away  the  hard  rock,  how- 
ever, from  the  flattened  side,  corresponding  to  the  area  of  Acrotreta^  I 
found  that  there  seems  to  be  there  a  wide,  open,  triangular  foramen, 
80  large  tiiat  only  a  very  narrow,  slightly  flattened  margin,  represent- 
ing a  false  area,  is  seen  inflected  on  each  side.  This  I  have  seen  in  the 
only  two  specimens  in  the  collection  showing  this  side ;  and  if  there  is 
nothing  deceptive  about  it,  the  shell  would  certainly  belong  neither  to 
Acrotreta  nor  to  Iphidea.  It  can  only  be  referred  to  Mr.  Billings's  genus 
Iphideoj  even  provisionally,  on  the  supposition  that,  in  cutting  away  the 
hard  rock  from  the  truncated  side  representing  the  false  area  in  ths^t 
geuas,  I  may  have  also  cut  away  the  prominent  psendo-deltidium,  char- 
acteristic of  that  group.  In  that  case,  however,  the  pseudo-deltidium 
\rould  be  proportionally  much  wider  than  in  Mr.  Billings's  type,  as  the 
opening  is  decidedly  wider,  as  we  see  it  in  our  shells,  than  the  false  del- 
tidium  in  his  species.    This  difference,  however,  might  be  only  specific. 

It  is  quite  probable  that,  when  specimens  showing  clearly  all  the 
characters  of  this  shell  can  be  examined,  it  will  be  found  to  belong  to 
an  undefined  genus,  either  of  the  Brachiopoday  or  of  some  other  group. 
In  this  case  I  would  propose  for  this  genus  the  name  MicromUra, 

I  confess,  however,  that  in  closely  examining  these  little  fossils,  I  have 
not  been  entirely  without  the  suspicion  that  they  may  be  the  terminal 
pieces  of  some  extinct  group  of  the  ChitonidcB.  The  inflected  character, 
however,  of  the  margins,  like  a  very  contracted  false  area,  on  each  side 
of  the  opening  of  the  flat  side  of  the  shell,  is  against  this  conclusion ; 
hut  even  if  they  are  the  terminal  pieces  of  some  chitonoid  type,  the 
chances  are  still  strongly  in  favor  of  its  being  a  new  genus,  for  which 
the  name  suggested  Would  be  equally  as  appropriate  as  for  a  Brachiopod. 

Locality  am  ppHtion. — East  side  of  Gallatin  Elver,  Montana;  pri- 
niordial  zone. 
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AsAPHUs  (Megalaspis  ^)  GONiocERcus,  Meek. 

Pygidiam  rather  small  for  a  fii)ecie8  of  this  genas,  moderately  de- 
pressed, trigonal  in  ontline,  with  breadth  and  length  aboat  as  7  to  9; 
posterior  lateral  margins  slightly  convex  in  ontline,  and  oonverging 
rapidly  to  the  posterior  extremity,  which  terminates  in  an  abiliptly 
attenuated,  slightly  recurved,  pointed  projection,  the  nnder  side  of  which 
is  flat,  and  the  npper  convex;  mesial  lobe  much  depressed,  or  very 
slightly  higher  than  the  lateral,  and  quite  obscurely  defined  by  the 
nearly  obsolete  dorsal  furrows,  <ibout  three-fourths  as  wide  anterioriy 
as  the  lateral,  and  tapering  backward  and  becoming  obsolete  before 
reaching  the  posterior  extremity,  in  internal  casta  showing  sometimes 
faint  traces  of  nine  or  ten  very  obscure  segments ;  lateral  lobes  gently 
convex,  and  sloping  off  gradually  to  an  obscure  undefined  furrow,  or 
shallow  impression^  near  the  posterior  lateral  margins,  whicb  are  thas 
made  to  appear  as  if  provided  with  a  slightly-depressed  border,  usoafly 
appearing  quite  smooth,  or  with  faint  traces  anteriorly  of  one  or  two 
segments,  but  in  some  specimens,  when  examined  carefully  in  an 
oblique  light,  traces  of  six  or  eight  segments  may  be  seen.  Sur&oe 
smooth. 

Length  of  pygidium,  0.74  inch ;  breadth,  0.94  inch ;  convexity  at  tl^e 
front,  0.16  inch. 

The  only  part  in  the  collection  known  to  belong  to  this  speeies  is  the 
pygidium.  This  is  very  remarkable  for  its  trigonal  form  and  x>ointed 
posterior  extremity,  much  as  we  see  in  DtUmanites.  It  wants  the 
usually  well-defined  dorsal  furrows  and  segments,  however,  of  that 
genus;  which  smoothness  gives  it  the  aspect  of  J[«a|>AiM.  The  specimens 
from  which  the  description  was  drawn  up  are  probably  young  Indi- 
viduals, as  there  are  fragments  in  the  collection  of  an  Asaphwf  of  larger 
size  that  may  belong  to  this  species.  If  an  Asaphus  at  all,  the  form  of 
its  pygidium  would  indicate  relations  to  the  group  MegaUupis^  one 
species  of  which  {M.  herosy  Dalmann,  sp.)  has  a  similarly-formed 
pygidium,  but  with  more  numerous  and  very  much  more  strongly-defined 
segments.  I  am  not  aware,  however,  that  Vny  species  of  that  group  has 
hitherto  been  found  in  this  country. 

Locality  and  position, — Near  Malade  City,  Utah,  from  Lower  Silnriaa 
beds  of  the  age  of  the  Quebec  Group.    Professor  Bradley. 

Bathyurus  serrattts.  Meek. 

Cephalic  shield  rather  distinctly  convex,  semicircular,  being  nearly 
twice  as  wide  as  long^  regularly  rounded  in  front,  straight  across  behind, 
and  having  the  posterior  lateral  angles  terminating  in  small,  short,  baek- 
ward-x>ointing  spines ;  lateral  margins  provided  with  a  narrow,  slightly- 
thickened  border,  (sometimes  becoming  nearly  obsolete  just  in  front  of 
the  glabella,)  defined  by  a  shallow  narrow  ftirrow.  Glabella  quite  con- 
vex, with  its  highest  part  near  the  middle,  strongly  defined  by  the  dorsal 
furrows,  cylindrical  in  form,  extending  very  nearly  to  the  anterior  mar- 
gin, ana  apparently  without  lateral  furrows ;  neck -segment  well  defined 
by  a  distinct  furrow  passing  entirely  across,  distinctly  arched  upward 
and  a  little  backward  in  the  middle^  where  it  bears  a  small  tubercle,  or 
possibly  sometimes  a  short  little  spine,  directed  upward  and  backward; 
continuation  of  neck-furrow  along  the  posterior  margin  of  cheeks  rather 
wide  and  deep ;  fixed  cheeks  comparatively  wide  and  convex,  but  lower 
than  the  glabella,  rounding  off  rather  abruptly  laterally.  Eyes  of  mod- 
erate size,  but  little  arched,  ranging  nearly  parallel  with  each  other; 
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placed  remote  from  tbe  glabella,  and  about  tbeir  own  lengtb  from  the 
posterior  margins  of  the  cheeks  ]  palpebral  lobes  very  small,  and  lower 
than  the  fix^  cheeks;  movable  cheeks  sloping  abruptly  laterally; 
fecial  sutures  not  clearly  seen  anteriorly,  but  apparently  cutting  the 
oaargin  nearly  on  a  line  with  each  eye;  while  behind  they  are  directed 
at  fii^t  obliquely  outward  and  backward,  after  which  they  curve  back- 
wiurd  so  as  to  cut  the  posterior  margin  of  the  head,  just  within  the  inner 
edge  of  the  little  posterior  lateral  spines. 

Thorax  consisting  of  seven  segments;  mesial  lobe  narrow,  rather 
prominent,  and  gradually  tapering;  lateral  lobes  depressed  or  flattened; 
pleorsB  with  broad,  rounded  furrows.* 

Pygidium  nearly  semicircular,  or  about  three-fifths  as  long  as  wide, 
regalarly  rounded  behind,  and  rattier  straight  across  in  front,  except- 
ing laterally,  where  -the  anterior  margin  rounds  backward  somewhat ; 
qniteconvex,  but  not  so  much  so  as  the  cephalic  shield.  Mesial  lobe  prom- 
ioeat,  cylindrical,  equaling  five-sixths  of  the  entire  length  of  the  pygi- 
dium, with  an  abrupt  posteriortermination,  rather  decidedly  more  prom- 
inent tiian  the  lateral  lobes,  and  showing  about  four  obscurely-marked 
augments.  Lateral  lobes  sloping  off  laterally  and  behind,  where  they 
are  provided  with  a  flattened,  somewhat  thickened  margin,  that  is  armed 
by  six  very  short,  small  serrations  on  each  side,  directed  obliquely 
backward ;  each  showing  four  very  obscurely -defined,  broad,  depressed 
segments  that  do  not  extend  out  upon  the  flattened  and  serrated  margin. 

Surface  of  both  cephalic  shield  and  pygidium  showing,  under  a  mag- 
nifier, a  slight  granular  appearance,  as  if  covered  by  minute  projecting 
imequal  grains,  with  smaller  pits  scattered  among  them.  Obscure  traces 
of  striae  are  also  sometimes  seen  around  the  margin  of  the  cheeks. 

Judging  from  the  imperfect  specimens  seen,  a  medium-sized  entire 
specimen  of  this  species  was  probably  a  little  over  1  inch  in  length,  by  a 
breadth  of  0.70  inch,  and  a  convexity  of  near  0.20  inch. 

The  cephalic  shield  and  pygidium  here  described  are  not  positively 
known  to  belong  to  the  same  species ;  but  judging  from  the  fact  that 
they  occur  associated  together,  and  agree  well  in  size,  convexity,  pro- 
positions, and  particularly  in  the  peculiar  kind  of  surface-granulations,, 
there  is  little  room  for  doubting  that  they  really  belong  to  the  same 
tdlobite.  This  conclusion  is  also  strengthened  by  the  fact  that  no  other 
cephalic  shield  and  pygidium  in  the  collection,  not  known  to  belong  to- 
other species,  correspond  with  them  in  these  respects. 

The  pygidium  resembles  one  figured  by  Mr.  Billings  in  his  Falseozoic 
Fossils  of  the  Canadian  Survey,  page  405,  Fig.  384,  and  doubtfully  re- 
garded by  him  as  belonging  to  a  Dikeloceplmlvs ;  but  the  serrations  o£ 
the  margin  in  our  sjiecies  are  smaller  and  less  prominent,  the  middle 
lobe  less  elongated,  more  obtuse  behind,  and  has  its  segments  much, 
less  distinctly  defined ;  while  the  segments  of  its  lateral  lobes  are  also 
much  more  obscure.  Its  anterior  lateral  angles  are  also  more  rounded 
off.  From  the  similarity  of  the  two,  however,  there  can  be  little  doubt 
that  they  are  allied  species  of  the  same  genus,  in  which  opinion  Mr. 
Billings  fully  concurs  on  examining  casts  of  our  species  sent  to  him. 

It  is  almost  beyond  doubt  that  a  pygidium  figured  by  Angelin,  under 
tbe  name  Corynexoehus  spinulosusy  (see  Falaeontologia  Scandinavien, 
PI.  xxxiii,  Fig.  11,)  belonging  to  the  same  genus  as  our  trilobite ;  and. 
this  raises  the  question  whether  I  ought  not  to  refer  our  species  to  that 

•The  specimen  from  which  theso  characters  of  the  thorax  are  taken  consists  of  a 
mold  of  the  Interior  of  the  mesial^  and  a  part  of  one  of  the  kkteral  lohes^  the  glahella, 
mhL  one  of  the  fixed  oheeki,  with  a  part  of  the  pygidiom.  It  does  not  show  the  fFee 
«id«  qf  the  pletine. 

31  a  8 
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geDUs;  his  species  spinnJosus^  not  only  being  bis  first  one,  bat  the  an^ 
one  that  he  refers  to  his  new  genns,  withoat  a  mark  of  doabt.  On  the 
other  hand,  the  question  is  complicated  by  the  fact  that  his  typical  spe- 
cies is  founded  on  a  separate  head,  divested  of  the  movable  cheeks,  and 
the  detached  pygidiuni  allnded  to  above,  which  may,  or  may  not,  belong 
to  the  same  species  or  genus  as  the  head  ;  while  in  the  text,  he  places  a 
mark  of  doubt  after  the  reference  to  the  figure  11  of  the  pygidium,  thus 
showing,  as  one  would  think,  that  he  only  refers  it  doubtfiilly  to  the 
species  spintUostNt.  Tet,  it  is  evident  that  the  name  gpinulosu^  was 
suggested  for  his  first  species  by  this  pygidium,  which  is  armed  with 
small  spines,  while  no  spin'es  are  known  to  be  connected  with  the  head. 
Bat  another  difficulty  arises  firom  the  fact  that  his  generic  name  Coryner- 
echus  seems  to  have  been  suggested  by  the  prominent  clavate  char- 
acter of  the  glabella  of  the  head  figured  by  him. 

For  this  latter  reason,  and  the  fact  that  the  pygidinm  is  only  con- 
nected by  him  doubtfully  with  the  head,  probably  most  authorities 
would  view  the  speofes  to  which  the  head  belongs  (in  case  the  pygidinm 
appertains  to  another  form)  as  type  of  the  genus.  If  we  adopt  this 
view,  it  would  be  somewhat  doubtful  whether  our  species  could  be  prop- 
erly referred  to  Angeliu's  genus,  since  its  glabella  is  merely  cylindrical, 
and  not  quite  as  lobg  as  the  head,  instead  of  widening  out  anteriorly  to 
nearly  twice  its  posterior  breadth,  and  apparently  slightly  overhanging 
the  anterior  margin,  as  in  the  head  figured  by  Angelin. 

If  the  difierence  in  the  form  of  the  glabella  mentioned  above  should 
not  be  of  generic  importance,  and  there  should  be  no  well-defined  diflfer- 
ences  in  the  abdominal  parts  of  Angelin's  type,  (the  abdomen  of  which 
is  unknown,)  then  our  species  would  have  to  be  referred  to  the  same 
gtoup,  and  take  the  name  Corynexochus  serrattut.  It  is,  however,  also 
very  closely  allied  to  Bathyurus.  Billings,  in  most  of  its  known  charac- 
ters. After  examining  casts  of  our  species,  Mr.  Billings  writes  that  he 
would  not  be  willing  to  separate  it  generically  iVom  £.  extans^  the  type 
of  his  genus ;  though  he  admits  that  some  differences  in  the  abdominal 
parts,  to  which  I  had  called  his  attention,  are  rather  marked.  These 
are  the  presence  of  only  seven  body-segments  in  our  tyi>e,  instead  of 
nine,  as  in  B.  extans^  and  the  other  known  species  of  Batkyurus  ;  while 
the  plural  furrows  in  our  species  are  very  broad  and  rounded,  instead 
of  narrow  and  sharply  cut  as  in  typical  Bathyurm.  The  serrated,  or 
spinuliferous  character  of  the  pygidium,  in  the  form  under  considera- 
tion, is  another  difference,  though  probably  of  less  importance.  Mr. 
Billings,  however,  writes  that  he  has  several  new  species  (all  from  the 
Lower  Potsdam)  showing  this  character;  which  faet  would  seem  to 
argue  that  there  may  be  a  group  characterized  in  part  by  this  peca 
Ihirity. 

From  all  the  facts,  I  should  certainly  be  disposed  to  separate  our 
type  at  least  sub-generically  from  Bathyurus^  were  it  not  for  the  doubts 
that  still  remain  in  regard  to  its  relations  to  Corynexochus  of  Angelin, 
which,  I  should  have  remarked,  would  have  to  take  precedence  over 
Bathyums^  if  founded  on  a  congeneric  type,  because  it  was  published  io 
1854,  and  BatkyurtLS  in  1859. 

Locality  and  position. — ^East  side  of  Gk^llatin  Biver,  above  Oanatin 
Oity,  Montana  Territory.    Potsdam  Group  of  the  primordial  zone. 

Bathyurus  t  Hatdeki,  Meek. 

General  form  oval,  rather  depressed ;  outline  of  cephalic  shield  nn- 
known.    Glabella  narrow  subcylindrical,  most  convex  near  the  middle, 
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rather  well  defined  by  the  dorsal  furrows,  about  twice  as  long  as  wide, 
with  the  anterior  end  sometimes  apparently  very  slightly  expanded; 
neck  segment  projecting  somewhat  backward,  rounded  in  ontline  behind, 
and  nearly  as  high  in  the  middle  as  the  glabella  in  front  of  it ;  neck 
furrow  narrow,  rather  well  defined,  passing  entirely  across,  and  continued 
Diach  wider  and  deeper  across  the  posterior  margin  of  each  cheek ;  lat- 
eral farrows  consisting  of  foar  pairs,  the  posterior  pair  commencing  a 
little  behind  the  middle  and  extending  very  obliquely  backward  and 
inward  to  a  point  about  the  breadth  of  the  neck  furrow  in  advanee  of 
the  same,  where  they  either  become  obsolete,  or  apparently  sometimes 
almost  connect  across  by  a  shallow  transverse  furrow;  sacceeding 
pairs  in  front  very  short  and  transverse,  the  anterior  ones  being  some- 
times rather  obscure ;  fixed  cheeks  moderately  wide,  or  eqnaling,  at  the 
posterior  end  of  the  eyes,  half  the  breadth  of  the  glabella  opposite  the 
same  point,  rather  convex,  but  lower  than  the  glabella;  palpebral  lobes 
very  narrow,  or  merely  appearing  as  little  slightly  raised  rims  at  the 
margins  of  the  fixed  cheeks,  from  which  they  are  separated  by  a  linear 
farrow.  Eyes,  as  determined  from  the  palpebral  lobes,  about  two-thirds 
as  long  as  the  breadth  of  the  glabella^  slightly  arched,  and  somewhat  con- 
verging forward,  situated  their  own  length  in  advance  of  the  posterior 
margin  of  the  head,  and  two-thirds  this  distance  at  their  posterior  ends 
from  the  glabella.  I'acial  sutare  in  front  of  the  eyes  unknown,  but 
behind  them,  directed  at  first  for  a  very  short  distance  nearly  backward, 
tben  carving  abruptly  outward,  parallel  to  the  posterior  margin  of  the 
cheeks,  and  extending  nearly  to  the  posterior  lateral  angles,  where  they 
curve  obliquely  backward  and  outward  so  as  to  cut  the  posterior  mar- 
gin near  these  angles. 

Thorax  consisting  of  nine  segments ;  axial  lobe  very  narrow,  or  only 
aboat  twO'thirds  as  wide  as  each  of  the  lateral,  tapering  gradually  back' 
ward,  and  moderately  convex ;  lateral  lobes  flattened,  and  lower  than 
the  axial ;  pleursB  broadly  and  deeply  furrowed,  and  having  their  free 
ends  apparently  falcate. 

Pygidium  intermediate  between  semicircular  and  semielliptical,  its 
length  being  about  two-thirds  its  breadth,  while  its  posterior  margin  is 
ronnded  in  outline,  and  its  anterior  nearly  straight  across ;  mesial  lobe 
tB  narrow,  proportionally,  as  that  of  the  thorax,  convex,  tapering  very 
gradaally  backward,  and  nearly  reaching  the  posterior  border,  showing 
five  or  six  well-defined  segments,  with  space  enough  for  one  or  two 
more  behind  those ;  lateral  lobes  flat,  with  five  or  six  broadly  furrowed 
segments  that  extend  to,  but  not  upon,  a  very  narrow,  slightly  thickened 
and  fiattened,  smooth  margin. 

Entire  surface  smooth,  or  only  showing  very  fine  granulations  under 
a  magnifier. 

Length  of  an  entire  specimen  1.15  inches,  breadth  about  0.70  inch. 

Although  I  refer  this  species,  provisionally,  for  the  present,  to  the 
genas  Bath^furuSj  I  really  do  not  think  that  it  properly  belongs  to  that 
genns,  as  illustrated  by  the  typical  species  B.  extans.  In  the  propor- 
tional size  of  its  head,  thorax,  and  pygidium,  as  well  as  in  the  number 
of  its  body  segments,  it  agrees  with  that  genus ;  and  its  glabella,  though 
narrower  and  more  strongly  as  well  as  somewhat  difterently  lobed,  is 
not  otherwise  very  different;  while,  so  far  as  known,  it«  facial  sutures 
seem  to  agree  in  most  respects.  The  general  flatness  of  the  whole  ani- 
mal, however,  as  well  as  the  narrowness  of  its  axis,  and  particularly  the 
different  type  of  its  large  rounded  pleural  farrows,  (those  of  JB.  extans 
being  narrow  and  regular,)  are  strongly  marked  features,  which,  with 
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the  differences  mentioned  in  its  glabella,  seem  to  separate  it  from  thai 
genus. 

In  the  narrowness  of  its  axis,  and  the  nature  of  its  pleurae  and  plen- 
ral  furrows,  it  agrees  exactly  with  Conocor^he]  and  even  in  its  cylin- 
drical glabella,  and,  indeed,  in  most  of  the  characters  of  its  head,  so  far 
as  known,  it  agrees  pretty  well  with  some  species  of  the  section  Plydto- 
pariaj  (see  Conocar.  (Ptyekaparia)  striatus,  Fig.  7,  PL  xiv,  Barrande^s 
Trilobites  of  Bohemia.)  The  comparatively  large  size  of  its  pygidmm, 
howievcr,  and  especially  its  much  smaller  number  of  body  segments,  (9 
instead  of  14,)  at  once  separates  it  from  any  section  of  that  genus  as  now 
understood.  In  some  of  its  characters  it  seems  to  show  affinities  to  cer- 
tain types  of  Ogygia.  That  is,  in  the  general  flatness  of  its  form,  its 
narrow  axis,  and  the  form  and  furrows  of  its  glabella;  but  it  differs  in 
having  nine  instead  of  only  eight  body  segments ;  while  its  pleural 
furrows  are  of  a  different  type,  and  its  eyes  are  smaller,  much  less  arenate^ 
and  more  remote  from  the  glabella.  Its  facial  sutures,  although  not 
clearly  seen  in  any  of  the  specimens,  in  front  of  the  eyes,  were  probaUy, 
judging  from  some  indications,  not  so  diverging  anteriorly. 

If  further  comparisons  should  show  it  to  be  generically,  or  snbgenev- 
ically,  distinct  from  all  of  the  groups  mentioned,  as  I  believe  it  to  be,  il 
may  be  designated  by  the  name  Baikyuriscus, 

The  specific  name  is  given  in  honor  of  Dr.  F.  V.  Hayden. 

Locality  and  position. — East  side  of  Gallatin  Biver,  above  Gallatin 
City,  Montana.    Potsdam  or  Primordial  group. 

Bathyurellus  (Asaphisous)  Bradleyi,  Meek. 

The  best  specimens  of  this  species  I  have  seen,  consist  of  the  oenlaral 
parts  of  the  cephalic  shield,  separated  from  the  movable  cheeks.  l%ese 
parts  may  be  described  as  follows : 

Glabella  modem  tely  and  evenly  convex,  nearly  oblong  or  truncate- 
subconical  in  outline,  being  a  little  narrower  at  the  front  than  behind, 
and  truncated  anteriorly,  with  the  anterior  lateral  angles  rounded; 
exclusive  of  the  neck  segment,  one*sixth  to  one-seventh  of  fts  length 
longer  than  wide ;  sides  slightly  convex  in  outline  or  nearly  strai^t^ 
and  converging  gently  forward  from  near  the  middle,  well  but  not 
deeply  defined  by  the  dorsal  furrows,  which  are  narrow,  and  continDe 
around  the  front;  lateral  furrows  wanting,  or  apparently  sometimes 
very  obscurely  indicated  by  two  or  three  pairs  of  extremely  faint 
indentations.  Neck  furrows  narrow,  but  distinct,  extending  entirdy 
across,  and  continued  more  strongly  defined  across  the  posterior  mar- 
gins of  the  cheeks.  Neck  segment  rather  wide  in  its  antero-posterior 
diameter,  and  flattened  in  this  direction,  but  transversely  arched  so  as 
to  be  nearly  as  high  at  its  middle  as  the  glabella.  Anterior  extension 
or  limb,  moderately  produced,  or  equaling  one-third  the  length  of  the 
glabella,  (exclusive  of  the  neck  segment,)  sloping  gently  forward  from 
the  anterior  end  of  the  glabella  for  about  half  way  to  the  front,  where 
there  is  thus  formed  a  transverse  furrow  from  which  it  rises  obliquely 
forward  in  the  form  of  a  nearly  flat  marginal  rim.  Palpebral  lobes 
comparatively  large,  or  constituting  all  there  is  of  the  fixed  cheeks, 
lunate,  or  sub-semicircular  in  form,  depressed  below  the  horizon  of  the 
glabella,  from  which  they  are  only  separated  by  the  dorsal  farrows, 
each  occupied  by  a  lunate  slightly  convex  central  portion,  (which  might 
be  viewed  as  minute  fixed  cheeks,)  separated  from  the  outer  margin  by 
a  shallow  furrow.  Eyes,  as  determined  by  the  palpebral  lobes,  aboat 
four-sevenths  as  long  as  the  glabella,  exclusive  of  the  neck  segment, 
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moderately  aicuate^  and  ranging  parallel  to  each  other,  and  to  the 
longer  axis  of  the  glabella,  their  posterior  ends  extending  back  nearly 
aslar  as  the  position  of  the  neck  furrow.  Facial  suture  starting  from 
the  anterior  ends  of  the  eyes,  close  in  to  the  dorsal  furrows  and  diverg- 
ing forward  to  the  transverse  furrow  of  the  anterior  extension  or  limb, 
where  they  are  a  little  wider  apart  than  the  widest  portion  of  the 
glabella^  while  beyond  this  they  appear  to  curve  a  little  inward  as  tbey 
approach  the  anterior  margin.  Posteriorly  they  curve  parallel  to  the 
posterior  margins  of  the  cheeks,  as  far  as  they  have  been  traced.  Snr- 
&ce  amooth. 

Length  of  cephalic  shield,  0.90  inch ;  length  of  glabella,  exclusive  of 
neck  segment,  0.53  inch  ;  length  including  same,  0.65  inch ;  breadth  of 
glabella  at  widest  part,  0.45  inch  ;  length  of  palpebral  lobes,  0.33  inch. 

I  refer  this  species  merely  provisionally,  for  the  present,  to  the  group 
Auapkiscusy*  because  I  am  only  acquainted  with  it  in  the  condition  of 
fragiaents.  Its  glabella  is  slightly  more  convex  and  rather  decidedly 
less  conical  than  in  the  type  of  that  group ;  while  its  eyes  are  larger 
aod  closer  in  to  the  dorsal  furrows  defining  each  side  of  the  glabella, 
a&d  its  neck  furrow  narrower  and  rather  more  sharply  defined.  There 
may  be  more  important  differences  in  other  parts,  if  we  had  the  means 
of  comparison  ;  but  as  those  mentioned  seem  to  be  all  such  as  may  be 
merely  specific,  it  most  probably  belongs  to  the  group. 

At  a  first  glance  this  species  reminds  one  of  the  figure  of  Bathyurm 
capaxj  Billings,  which  was  also  founded  upon  the  corresponding  parts 
of  the  head.  It  may  be  at  once  distinguished,  however,  by  the  greater 
extension  of  its  anterior  margin  in  front  of  the  glabella,  as  well  as  by 
its  larger  palpebral  lobes  (and  consequently  the  eyes  also)  being  situated 
ikFlher  back,  and  much  closer  inward  to  the  sides  of  the  glabella. 

Locality  and  position. — ^Near  Malade  City,  Northern  Utah.  Quebec 
gnmp  of  the  Lower  Silurian. 

CoNoooRYPHB  (Ptyohoparia)  Gallatinensis,  Meek. 

Cephalic  shield  approaching  semicircular.  Glabella  conical-snbovate, 
nearly  three-fourths  as  long  as  the  cephalic  shield,  widest  just  in 
front  of  the  neck  furrow,  where  its  breadth  about  equals  four-fifths  of 

*  This  group  is  founded  on  ABaphiscus  Wheelerif  a  new  species  discovered  by  Lien- 
tenant  G.  M.  Wheeler,  of  United  States  Topographical  Engineers,  in  the  primordial 
rooks  near  Antelope  Springs,  Utah.  It  is  nearly?  allied  to  Bathyurellus,  BilliD^s,  and 
▼ill,  it  is  thought  by  that  gentleman,  inclnde  a  part  of  the  species  referred  by  him 
provisionally,  irom  imperfect  specimens,  to  the  same.  It  differs,  however,  from  the 
V pical  forms  of  that  genus,  in  having  its  conical  glabella  deddiily  dressed,  and  the 
margin  of  the  head  in  front  of  it,  first  convex  and  slopiug  forward  into  a  deep  trans- 
verse mesial  fVirrow,  then  rising  in  the  form  of  a  convex  margin  to  the  front.  The 
nresial  lobe  of  its  pygidium  is  also  proportionally  longer,  and  the  free  margins  of  the 
saxae  much  narrower  and  less  flattened  and  alate.  It  probably  only  forms  a  subgenus 
under  Bathyurellus,  From  Aaaphtis,  with  which  it  agrees  in  general  form  aod  propor- 
tions, it  dift'ers  in  its  decidedly  conical,  well-dofinea  glabella,  without  lateral  furrows 
or  lobes,  the  extended  and  transversely  furrowed  character  of  the  anterior  margin  of 
its  head,  its  less  arcuate  eyes  placed  more  remote  from  the  glabella :  and  particularly 
ia  having  nine  body  segments,  instead  of  only  eight.  As  in  AtiapkuSf  its  pleura)  are 
distinctly  furrowed,' but  they  are  more  pointed  than  is  usual  in  that  genus,  though  not 
falcate.    Its  surface  is  smooth. 

The  generic  and  specific  characters  will  be  given  in  full,  with  illustrations,  in 
Lieotenaot  Wheeler's  Beport. 

Several  American  species  with  a  similar  depressed,  conical  glabella,  without  traces 
of  lateral  furrows  or  lobes,  have  been  described  froiu  more  or  less  complete  specimeus 
of  the  bead,  under  the  name  Conocephalites.  It  is  cvidtMit,  however,  from  its  smaller 
number  of  body  segmepts,  large  pygidium,  and  differently  formed  plural  grooves,  that 
JaapkwsM  is  eutirely  distinct  irom  tbat  group.  ^ 
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its  leugth,  rounded  anteriorly,  ratber  distinctly  convex,  and  well  defined 
by  ratber  deep  dorsal  furrows  tbat  are  continued  around  it^  front; 
lateral  furrows,  (as  seen  in  casts  of  tbe  interior,)  consisting  apparentlj 
of  tbree  to  four  pairs,  tbe  posterior  pair  starting  at  one-tbird  to  onebalf 
tbe  leugtb  of  tbe 'glabella  in  advance  of  tbe  posterior  side  of  tbe  neck 
segment,  and  ranging  obliquely  backward  and  inward,  but  not  connect- 
ing across  tbe  middle  ;•  succeeding  furrows  very  obscure,  or  In  part 
(anterior  ones)  obsolete,  sbort,  and  nearly  transverse,  or  but  slightly 
oblique ;  rostral  margin  equaling  about  one-balf  the  length  of  the  gla- 
bella, exclusive  of  tbe  neck  segment,  sloping  at  first  forward  from  near 
tbe  liirrow  around  tbe  front  of  tbe  glabella  to  a  deep,  nearly  mesial, 
transverse  furrow,  from  which  it  rises  obliquely  forward  in  the  form  of 
a  slightly  convex,  or  somewhat  flattened  border,  tbat  is,  a  little  arched 
transversely ;  neck  segment  arched  so  as  to  be  nearly  or  quite  as  high 
in  tbe  middle  as  the  glabella ;  neck  furrow  well  defined  entirely  across, 
but  deepest  on  eacb  side,  and  continued  deeper,  and  sbarx>ly  defined 
across  the  post-erior  margins  of  tbe  cheeks;  fixed  cheeks  comparatively 
wide,  or  more  than  half  the  breadth  of  tbe  glabella  near  its  middle, 
ratber  distinctly  convex,  but  lower  than  tbe  glabella,  bearing  well-defined 
ocular  ridges  tbat  extend,  with  a  slight  curve,  outward  and  a  little 
obliquely  backward  from  near  tbe  anterior  end  of  the  glabella  to  tbe 
front  of  tbe  eyes;  free  cheeks  unknown ;  palpebral  lobes  very  narrow, 
or  only  appearing  as  little  raised  rims  on  the  margins  of  the  fixed  cheeks, 
from  which  they  are  defined  by  small  furrows.  Eyes,  as  determined 
from  tbe  palpebral  lobes,  about  half  as  long  as  the  breadth  of  tbe  gla- 
bella, from  whicb  they  are  rather  remotely  situated  near  their  own  length 
in  advance  of  tbe  posterior  margin  of  the  cheeks,  moderately  arched  and 
somewhat  converging  forward.  Surface  nearly  smooth,  or  only  finely 
granular.    Other  parts  unknown. 

Entire  length  of  cephalic  shield,  0.43*  inch  ;  breadth  of  cephalic  shteld, 
unknown ;  length  of  glabella,  including  neck  segment, 0.31  inch ;  breadth 
of  glabella,  0.22  inch ;  breadth  across  cheeks  arid  glabella,  between  an- 
terior ends  of  eyes,  0.46  inch. 

This  si>ecies  is  evidently  closely  allied  to  Conocoryphe  {Conocephaiitei) 
tencre,  Billings,  and  C.  BilUngsiy  Shumard,  but  difi'ers  from  both  rather 
decidedly  in  not  having  tbe  lateral  furrows  of  it6  glabella  curved  back- 
ward, tbe  middle  and  anterior  ones  being  nearly  transverse,  while  none 
of  the  specimens  show  any  traces  of  tbe  tubercle  on  the  neck  segmeuts 
seen  in  those  species.  Such  a  difierence  would  also  almost  certainly  be 
found  to  be  accompanied  by  others  of  equal  or  greater  importance  if 
we  bad  tbe  means  of  comparing  other  parts. 

Among  tbe  associated  specimens  there  are  several  others,  consisting 
of  tbe  glabella,  fixed  cheeks,  and  rostral  margin,  tbat  agree  well  with 
tbe  typical  specimens  of  the  species  here  proposed,  excepting  that  they 
have  tbe  glabella  somewhat  more  convex,  and  the  rostral  margin  in  front 
of  its  transverse  furrow  flattened  and  horizontal,  or  even  slightly 
sloping  forward,  instead  of  a  little  convex,  and  rising  obliquely  forward. 
Tbe  lateral  furrows  of  tbe  glabella  in  these  are  usually  obscure,  bat 
nearly  as  in  tbe  typical  form,  excepting  that  I  have  not  been  able  to 
make  out  clearly  more  than  three  pairs.  Tbe  fourth,  or  anterior,  pair, 
however,  are  exceedingly  obscure,  or-  nearly  obsolete  in  the  typical  form. 

Another  variety  or  species  agrees  with  the  last,  excepting  in  showing 
a  few  very  scattering,  much  coarser,  projecting  granules  over  the  sur- 

*  Of^en  there  appears  to  1»6  a  small,  obscure  tubercle  at  tbo  outer  end  of  each  of  the 
posterior  lateral  furrows  of  tbe  glabella,  just  witUiu  the  dorsal  farrowB. 
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ibce,  four  pairs  of  them  forming  two  longitudinal  rows  along  the  gla- 
hella,  while  the  entire  surface  between  these  is  very  minutely  granular 
as  in  the  last. 

There  are  also  numerous  other  smaller  specimens  agreeing  with  the 
last  two,  excepting  that  they  show  generally  but  the  most  feeble  traces 
of  lateral  furrows  in  the  glabella. 

It  is  possible  that  some  of  these  specimens  may  differ  specifically 
from  the  type  of  the  species  here  proposed,  but  I  am  at  present  inclined 
to  regard  them  all  as  only  difterent  varieties  and  ages  of  the  same. 

One  of  the  specimens  associated  with  the  others  consists  of  portions 
of  the  cephalic  shield  crushed,  and  most  of  the  thorax  consisting  of 
twdve  of  the  body  segments.  This  shows  the  axial  lobe  to  be  nar- 
rower than  the  lateral,  quite  convex,  gradually  tapering  posteriorly,  and 
rather  strongly  defined  by  the  dorsal  furrows.  The  lateral  lobes  are 
depressed,  sloping  outward  from  the  middle,  and  composed  of  rath^ 
strongly  farrowed  pleurae,  the  furrows  extending  straightoutward  at  right 
angles  to  the  axis.  It  does  not  show  the  form  of  the  free  ends  of  the 
plenraa.  Surface  nearly  smooth,  or  only  very  minutely  granulated. 
This  siiecinnen  may  or  may  not  belong  to  the  species  here  named. 

If  the  name  Co^wcephalites  should  be  retained,  with  the  limits  usually 
allowed  this  group  of  trilobites,  of  course  our  species  would  have  to  be 
called  Conocephalites  Oallatinenais.  As  ConocephaluSj  first  proposed  by 
Dr.  Barrande,  had  been  previously  used  for  a  genus  of  insects,  however, 
and  Gorda  had  proposed  the  name  Conocoryphe  before  Dr.  Barrande 
changed  bis  name  to  Conocephalites^  it  seems  to  me  that  Oorda's  name 
will  have  to  stand.  It  will  also  be  observed  that  there  are  two  strongly- 
marked  types  included  in  the  genus  by  Dr.  Barrande.  That  is,  one 
without  eyes,  and  having  the  facial  sutures  forming  such  very  different 
curves  as  to  give  the  free  and  fixed  cheeks,  as  well  as  the  frontal  limb, 
entirely  different  outliues  and  proportions  from  those  of  the  other  type, 
which  has  well-developecl  eyes.  The  first  of  these  groups  is  represented 
by  C.  Sulzeri  and  the  latter  by  (7.  striatm.  Corda,  however,  separated  these 
tjpes  into  two  distinct  genera,  placing  G.  Sulzeri  in  his  genus  Conoco- 
ryphe and  (7.  siriatus  in  his  genus  Ptyclwparia,  I  have  not  his  work  at 
Land  for  reference,  but  I  infer  from  Dr.  Barrande's  citations  that  the  two 
Bpecies  mentioned  were  so  arranged  by  Corda  that  they  may  each  be 
regarded  as  typical  of  one  of  these  groups.  If  so,  it  certainly  appears 
that  both  of  his  names  ought  to  be  retained,  at  least  in  a  subgeneric 
sense.  In  this  case  it  will  l^  observed  that  nearly  all  of  the  numerous 
species  hitherto  docribed  in  this  country  would  fall  into  the  group 
P<ycftopaWa,  as  they  all,  with  perhaps  the  exception  of  C.  Matthewi^ 
Hartt,  and  one  or  two  others,  seem  to  have  been  provided  with  well- 
ifleveloped  eyes,  and  agree  in  other  respects  generically  with  0.  striaius. 
Adopting  this  view,  the  name  of  my  0.  Kingii  becomes  C,  (Ptychoparia) 
Kingiiy  and  so  on  through  nearl3'  the  whole  list  of  American  species  yet 
known. 

Locality  and  position. — East  side  of  Gallatin  River,  above  Gallatin 
City,  Montana,  Potsdam  or  Primordial  Zone. 

CRETACEOUS  FORMS. 
OsTREA  soLENisciTS,  Meek. 

Mren  $<aeni»nuj  Meek,  1870 ;  Hayden's  Geological  Report,  Wyoming,  &o.,  page  296, 

List  Cretaeeous  specioB. 

Shell  attaining  a  large  size,  becoming  rather  thick  in  adnlt  examples, 
generally  straight,  greatly  elongated,  and  comparatively  very  narrow, 
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with  parallel  lateral  margins.  Lower  valve  with  moderate  internal  oca- 
eavity,  and  having  the  appearance  of  a  little  gatter,  or  elongated  trongh; 
lieak  usually  nearly  straight,  rather  obtusely  pointed,  and  more 
€r  less  distorted  by  the  scar  of  attachment ;  ligament  area  of  moderate 
size,  strongly  striated  transversely,  and  provided  with  a  large,  deep 
longitudinal  furrow ;  surface  apparently  only  with  moderately  distinol 
marks  of  growth.  Upper  almost  nearly  flat  externally,  bat  nearly  as 
concave  as  the  other  within ;  beak  usually  a  little  truncated ;  liganent 
area  marked  with  strong  transverse  striae,  and  having  its  mesial  ridge 
very  prominent,  and  occupying  as  much  as  one-third  its  breadth ;  Mr- 
face  as  in  the  other  valve,  or  perhaps  a  little  smoother. 

Length  of  adult  examples  about  eighteen  inches;  breadth  of  sane 
about  2.50  to  3  inches. 

Although  not  a  very  uncommon  species,  I  have  seen  no  entire  speci- 
mens of  this  remarkable  shell.  It  will  be  readily  known  by  its  unaaoaily 
narrow,  elongated,  and  generally  straight  form.  The  shell  is  asoally 
found  broken  into  several  pieces,  but  casts  of  the  internal  oavity  are 
not  unfrequently  met  with  entire.  One  of  these  now  before  me  is  neariy 
one  foot  in  length  and  only  2  inches  in  breadth.  It  often  had  a  carious 
habit  of  growing  in  groups  of  three  shells,  attached  to  each  other  by 
the  backs  of  their  beaks.  I  have  seen  large  numbers  of  them  closely 
arranged,  or  nearly  in  cont^act  with  each  other,  at  Coalville,  all  witk 
their  beaks  downward,  or  at  right  angles  to  the  planes  of  the  sandstone 
strata.  When  found  where  it  has  grown  isolated,  the  shell  is  sometimee 
arched  to  one  side. 

Locality  and  position. — This  species  ranges  through  nearly  the  whole 
thickness  of  the  Cretaceous  sandstones  near  Coalville,  Utah,  and  isalse 
found  in  the  Cretaceous  coal-bearing  sandstones  at  Bear  Biver  City, 
Wyoming,  as  well  as  in  a  sandstone  ridge  of  same  age  on  Union  Pacifle 
Bailroad,  a  few  miles  east  of  the  latter  locality. 

OsTBEA  ANOMiomES,  Meek. 

Shell  rather  small,  very  thin,  depressed-plano-convex,  and  wittont 
any  visible  sear  of  attachment,  varying  from  ovate  to  circalar^  rounded 
or  sometimes  a  little  straightened  on  the  hinge  margin ;  beaks  scarcely 
projecting  beyond  the  outline  of  the  cardinal  margin.  Lower  valve 
very  shallow ;  cartilage  pit  unusually  small,  shallow,  and  short.  Upper 
valve  almost  perfectly  flat ;  cartilage  attachment  even  shorter  than  that 
of  the  other  valve,  and  slightly  convex  on  its  inner  margin.  Muscular 
scars  unknown ;  surface  of  both  valves  with  small  regular  conoentrie 
wrinkles  most  distinctly  marked  on  the  central  region. 

Greatest  diameter  of  one  of  the  largest  oval  specimens,  1.70  Ibohes; 
breadth,  1.40  inches;  oonvexity,  0.23  inch. 

This  species  is  remarkable  for  the  thinness  of  the  shell,  the  slightcoa- 
cavity  of  the  under  valve,  and  the  flatness  of  the  upper,  as  well  as  for 
its  rounded  or  slightly  straightened  cardinal  margin,  and  the  absence 
of  any  scar  of  attachment,  or  of  any  traces  of  muscular  impressious 
within.  These  external  characters,  and  the  regular  small  concentric 
wrinkles,  give  the  exterior  of  the  lower  valve  of  circular  specimens  some- 
what the  appearance  of  a  Ludna  or  Dosinia  i  while  in  other  individuals 
it  looks  more  like  an  Anomia  or  Placuna. 

Locality  and  position. — ^Missouri  Eiver,  below  Gallatin  City,  Montana. 
Cretaceous. 
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AVIOtJLA  (PSETnX>PTERA)  PROPLET7RA,  Me«k. 

Bhell,  as  determined  from  a  left  valve,  obliquely  ovatesnbtrigonal, 
moderately  oonvex  along  the  oblique  nrobonal  slope  in  front  of  the  mid- 
dle, and  compressed  cuneate  behind ;  posterior  margin  with  its  general 
oatJine  nearly  vertical  and  slightly  straightened  along  the  middle,  thence 
extending  obliquely*  upward  and  a  little  forward,  with  a  very  f^iint  sinu-. 
oaty  above,  to  the  hinge,  which  it  meets  at  an  obtuse  angle,  while  it 
coiiiidft  rather  abruptly  into  the  more -or  less  rounded  base  below  ;  an- 
terior margin  ranging  obliquely  backward  and  downward  nearly  parallel 
to  the  nmbonal  slope,  faintly  retreating  near  the  middle,  and  from  this 
upward  to  its  connection  with  the  anterior  end  of  the  hinge,  projecting 
slightly  in  the  form  of  a  small,  short,  flattened  auricle,  that  is  less  than 
rectangular  at  its  extremity  above,  and  undefined  by  any  marginal  sinus 
below ;  hinge-line  of  moderate  length,  but  not  extending  quite  as  far 
back  as  the  margin  of  the  valve  below  it ;  posterior  dorsal  region  flat- 
tened)  thongh  not  forming  a  proper  alation;  beak  rather  pointed, 
fioarcely  rising  above  the  hinge,  rather  oblique  and  placed  very  near  the 
anterior  end  of  the  hinge,  but  not  quite  terminal.  Surface  ornamented 
by  moderately  distinct  lines  of  growth  which,  on  the  anterior  part  of 
tiie  valve,  are  crossed  by  seven  or  more  slender  raised  radiating  lines, 
and  one  stronger  rib  that  extends  along  the  umbonal  slope  so  as  to  give 
it  a  slightly  angular  appearance,  while  very  faint  traces  of  fine  radiat- 
ing strise  are  sometimes  seen  on  other  parts  of  the  valve.  Eight  valve 
and  hinge,  and  interior  of  both  valves,  unknown. 

Height,  measuring  at  right  angles  to  the  hinge,  0.90  inch ;  length  of 
binge,  aboat  0.75  inch;  greatest  antero-posterior  diameter  parallel  to 
hinge,  about  0.85  inch ;  length,  measuring  from  the  beak  obliquely  to 
the  most  prominent  part  of  the  posterior  basal  margin,*  1.20  inches ; 
convexity,  about  0.23  inch. 

This  species  appears  to  belong  to  a  group  of  American  and  Europ^ean 
Cretaceous  aviculoid  shells  that  seem  to  me  to  be  sufficiently  disti<ict 
from  the  typical  forms  of  Avicula  (Pteria)  and  Mekagrina  to  stand  to- 
gether, at  least  as  a  separate  subgenus.  They  dift'er  from  the  typical 
forms  of  Avicula  in  having  no  extended  alations  or  defined  byssal  sinus 
in  either  valve,  as  well  as  in  presenting  a  peculiar,  more  or  less  obliquely 
rbombiC)  or  subtrapeziform  outline.  The  hinge  and  interior  of  these 
shells  are  unknown  to  me,  but  the  former  seems  not  to  be  provided  with 
a  gaping  cardinal  area,  the  cardinal  edges  being  thinner  and  compressed. 
Atieula  anomalaj  of  Sowerby,  (1836,)  as  illustrated  by  d'Orbigny,  in 
Palont.  Francaise,  Ter.  Cret.,  Tome  iii,  PI.  392,  may  be  regarded  as  the 
type  of  this  section,  for  which  I  would  propose  the  naine  Pseudoptera, 
It  ioclndes  in  addition  to  Avictila  (Pseudoptera)  anomala,  Sowerby,  Avi- 
cula (Pgeikdoptera)  raricosta,  Beuss,  and  Avicula  [Psetidopte^-a)  fibrosa, 
Afeek  and  Hayden. 

The  two  species  here  described  are  only  referred  to  this  group  pro- 
visionally, i;s  their  right  valves  are  not  yet  certainly  known.  There  are 
some  reasons,  however,  mentioned  farther  on,  for  suspecting  that  this 
valve  may  have  a  deep  byssal  sinus  in  one,  if  not  both,  of  these  species. 
If  this  should  be  found  to  be  the  case,  they  cannot  be  properly  referred 
to  the  above-mentioned  group,  but  would  fall  into  a  grouj)  for  which 
Stoliczka  has  proposed  the  name  Electroma^  typified  by  the  recent  spe- 
cies A-mmla  vmaragdina,  Reeve,  and  thus  have  to  take  the  name  Avicula 
(Electroma)  propleura^  and  A.  (Electroma)  rhytoplwra.  Should  Scopoli^s 
name  Pteria^  however,  replace  Avicula^  a«  I  believe  the  rules  of  nomen- 
clature will  require,  and  the  section  to  which  these  shells  belong,  prop- 
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eriy  fall  into  that  genas,  either  as  a  sabgenQS  or  otherwise,  thea  the 
same  Pteria  will  have  to  be  sabstituted  for  Avicula  in  connectioii  with 
these  Impedes. 

Locality  and  pi>8i^ioii.-t-GoalviIle,  Utah ;  from  white  saadatone,  256 
feet  above  the  lower  heavy  bed  of  coal,  miaed  at  that  piaoe. 

Avicula  (Pseubopteea)  bhytophoba,  Meek. 

Shell,  as  determiDed  from  a  lefb  valve,  bat  slightly  oblique,  rhombic- 
subobloDg,  and  nearly  twice  as  high  as  wide  in  adult  examples,  but 
proportionally  broader  and  subtrigonal  in  young  specimeos;  moder- 
ately convex,  the  greatest  convexity  being  toward  the  anterior  side, 
along  the  nmbonal  slope,  which  appears  to  be  angular,  thence  euneate 
posteriorly,  and  more  or  less  deflected  inward  anteriorly ;  hinge  Hoe 
very  nearly  equaling  the  greatest  anterO'[K>sterier  diameter,  and  rang- 
ing at  an  angle  of  about  70^  to  the  umbonal  axis ;  posterior  margin 
nearly  straight,  or  a  little  convex  in  outline  along  the  middle,  where  it 
ranges  at  an  angle  of  about  lOO^  to  the  hinge  margin,  but  carving  a 
little  forward  alK>ve,  so  as  to  connect  with  the  latter  at  a  somewhat 
more  obtuse  angle,  while  below  it  curves  gracefully  downward  and  f(Hr- 
ward  into  the  narrowly  rounded  or  somewhat  angular  base ;  anterior 
margin  a  little  sinuous  in  outline  in  the  middle,  with  a  general  direction 
nearly  parallel  to  that  of  the  umbonal  slope,  but  compressed  nearly 
rectangular,  and  projecting  a  little  beyond  the  beak  above,  the  project- 
ing part  not  having  the  character  of  an  ear  or  distinct  lobe,  though 
defined  by  a  shallow  depression  extending  from  the  beak  obliquely 
downward  and  backward  to  the  slightly  sinuous  central  region  ]  beak 
very  nearly  terminal,  moderately  oblique,  and  rather  compressed.  Sur- 
face with  more  or  less  distinct  lines  of  growth,  and  near  the  hinge  mar- 
gin well-defined,  regular,  vertical  ridges  or  wrinkles,  that  seem  not  to 
be  exactly  parallel  to  the  lines  of  growth.  Kigh^  valve  not  certainly 
known. 

Height  of  right  valve,  3.20  inches ;  antero-posterior  diameter  along 
hinge  line,  1.90  inches ;  height  about  half  way  down  parallel  to  binge, 
two  inches ;  convexity,  0.70  inch. 

This  species  will  be  readily  distinguished  from  the  last,  not  only  by 
its  much  larger  size  and  less  oblique  and  broader  form,  but  also  by  the 
strong  vertical  wrinkles  along  its  hinge  margin.  It  likewise  seems  to 
be  entirely  without  any  traces  of  the  radiating  cost»  seen  on  the  ante- 
rior side  of  that  species,  and  has  its  posterior  margin  much  more  nearly 
vertical  above,  and  slightly  convex  in  outline,  instead  of  a  little  sinuous 
there.  Its  umbonal  slope,  in  the  only  left  valve  seen,  seems  to  be 
decidedly  angular,  though  this  may  be  partly,  if  not  entirely,  due  to  an 
accidental  fracture  and  bending  of  the  valve  along  that  line.  It  looks, 
however,  like  a  natural  angle,  with  some  little  nodes  or  projecting  x>oints 
along  its  crest.  In  general  form  it  presents  much  the  outline  of  some 
of  the  large  Myalinas  of  the  western  coal-measures,  such  as  M.  ampla 
and  M,  suhquadmta,  but  it  differs  not  only  in  its  angular  umbonal  slope, 
less  curved  beaks  and  wrinkled  dorsal  margin,  but  in  having  its  ante- 
rior margin  flattened  and  a  little  extended  beyond  the  beak  in  front, 
instead  of  being  concave  in  outline  there,  thus  not  leaving  the  beak 
quite  terminal,  as  we  see  in  Myalina. 

I  am  not  quite  sure  that  I  have  seen  the  right  valve  of  this  shell, 
though  one  of  the  same  general  outline,  and  of  corresponding  size,  that 
was  observed  in  a  large  mass  of  rock  at  the  locality,  was  believed  to 
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bdoog  to  this  species.*  It  was  nearly  flat  and  smooth,  excepting  fine 
lines  of  growth,  and,  if  I  mistake  not,  had  a  tolerably  deep,  well-detiued, 
hyssal  notch.  If  it  really  belonged  to  this  shell,  the  species  can  hardly 
go  properly,  as  already  stated,  into  the  groop  Pseudapteraj  the  type  of 
which  has  no  traces  of  a  byssal  sinus  in  either  valve. 
Locality  and  paintianj  same  as  last. 

AVICULA  OXYTOMA  (!)  GASTBODES,  Meek. 

Shell  (as  determined  from  a  left  valve)  attaining  a  moderately  large 
sizeySabtrigooal  in  general  outline,  rather  distinctly  convex,  and  having 
a  very  slight  backward  obliquity ;  basal  outline  very  profoundly  rounded,' 
tiie deepest  or  most  prominent  part  being  in  advance  of  the  middle;  pos- 
terior margin  moderately  sinuous  below  the  wing,  from  the  extremity  of 
Tvbich  it  ranges  obliquely  forward  and  downward,  rounding  regularly 
iuto  the  base  below }  anterior  margin  strongly  and  subangularly  sinuous 
niider  the  wing,  thence  descending  with  a  slight  forward  obliquity  and 
loauding  rather  abruptly  into  the  base;  hinge  margin  longer  than  the 
height  of  the  valve,  the  antero-posterior  diameter  of  which  (at  any  point 
below)  it  also  decidedly  exceeds,  ranging  nearly  at  right  angles  to  the 
vertical  axis  of  the  sheU ;  beak  distinctly  convex,  rising  above  the  hinge 
margin,  strongly  incurved,  without  obliquity,  and  situated  less  than  one- 
third  the  length  of  the  hinge  margin  from  the  extremity  of  the  anterior 
wiag,  which  is  subtrigonal  in  form,  somewhat  convex,  a  little  rounded 
at  the  extremity,  and  very  strongly  separated  from  the  abrupt  shell  of 
the  umbo  by  a  deep  rounded  concavity  extending  from  the  beak 
obliquely  to  the  marginal  sinus  below;  posterior  wing  longer  and  more 
compressed,  narrower,  and  more  angular  than  the  other ;  both  wings, 
particularly  the  posterior  one,  projecting  decidedly  beyond  the  margin 
of  the  valve  below.  Surface  only  showing  more  or  less  distinct  lines  of 
growth.    (Eight  valv^  unknown.) 

Height  of  left  valve,  1.50  inches ;  length  of  same  below  the  wings, 
about  1.30  inches;  leugthof  hinge  line,  1.90  inches;  convexity,  (of  leti 
valve  alone,)  0.40  inch. 

I  have  not  yet  seen  the  hinge  of  this  shell,  or  its  left  valve,  and  there- 
fore have  some  doubts  in  regard  to  which  of  the  sections  of  the  old 
gmn^Avicula  it  would  most  properly  fall  into.  If  the  right  valve  is 
(as  I  am  inclined  to  think  the  case)  nearly  flat,  with  a  deep,  sharply-cut, 
byssal  sinus,  and  its  beak  not  distinct  from  the  hinge  margin,  it  will 
probably  fall  into  a  little  group  for  which  I  some  time  back  proi>osed  the 
name  Oxytomaj  typified  by  Avicula  Munsteri^  Broun.  It  differs  remark- 
ably from  typic^  species  of  Avicula  in  its  erect  form,  its  umbonal  axis 
being  inclined  a  little  backward,  instead  of  strongly  forward.  From 
P8euda7n<nioti8y  with  which  it  agrees  in  its  erect  form  and  the  elevated, 
strongly  incurved  beak  of  its  right  valve,  it  differs  very  strongly  in 
having  decided,  well-developed  ears,  both  in  front  and  behind.  Dr.  Sto- 
liczka  thinks  the  characters  of  the  genus  Pseudomonotis  should  be  ex- 
tended so  as  to  include  Oxytoma*  Should  this  view  prevail,  the  name 
of  our  species  would  probably  become  Pseudoitumotis  {Oxytoma)  gastrodes. 
It  seems  to  me,  however,  that  Oxytotiia  stands  more  nearly  related  to 
Avicula  proper  than  to  Pseudomonotis^  as  typified  by  the  Permian  species 
P.  speluTicaria^  so  that  if  we  unite  Oxytoma  to  PseudomonotiSj  I  cannot 
see  why  we  might  not,  on  the  same  principle,  take  another  step  of  the 

*  The  Bpecimen  was  broken  to  fragmeats  in  trying  to  detach  it  from  the  mass  of 
rock. 
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kind  and  restore  both  to  Avwula^  which  I  am  certainly  not  inclined  to 
do,  thoagh  I  regard  Oxytoma  as  a  sabgenus  under  Avicuia. 

I  ase  the  naine  Avicula  here,  as  elsewhere,  subject  to  the  change  that 
it  is  probable  the  rules  of  nomenclatare  will  demand  in  the  restoratioii 
of  the  older  name  Pteriaj  which  would  require  the  name  of  our  speeia 
to  be  written  Btcria  gastrodes^  if  it  falls  into  that  gronp. 

Locality  and  position. — ^Cretaceous  sandstones  of  Coalville,  Utah. 

MODIOLA  (BSAOHYDONTES)  MULTILINIGEBA,  Meek. 

Modeola  PedemaliSf  Meek,  1870;  Hayden's  Geol.  Report,  Wyoming,  &c.,  lAab  Ofetaoeoos 

foeslls,  page  HOT,  (not  Koemer.) 

Shell  rather  above  medium  size,  obliquely  arcuate-subovate ;  valves 
strongly  convex  along  the  umbonal  slopes,  thence  cuneate  posteriorly, 
and  abruptly  curved  inward  below  the  middle  in  front ;  posterior  margin 
forming  a  broad,  regular,  convex  curve,  from  the  end  of  the  hinge  down- 
wanl  to  the  anterior  basal  extremity,  which  is  very  narrowly  and  ab- 
ruptly rounded ;  anterior  margin  ranging  obliquely  backward  and  down- 
ward to  the  narrow  basal  extremity,  and  strongly  sinuous  along  the 
middle,  above  which  it  projects  more  or  less  beyond  the  umbonal  ridge, 
so  as  to  form  a  moderately  prominent,  somewhat  compressed  protnbe- 
rance;  hinge  margin  nearly  or  quite  straight,  ranging  at  an  angle  of 
50O  to  600  above  an  imaginary  line  drawn  from  the  beaks  to  the  most 
prominent  part  of  the  basal  outline,  and  equaling  about  half  the  greatest 
oblique  length  of  the  valves  5  beaks  nearly  terminal,  rather  compressed, 
very  oblique,  and  scarcely  rising  above  the  hinge  margin  5  umbonal 
slopes  prominent  and  more  or  less  strongly  arcnate.  Surface  ornamented 
by  fine  lines  of  growth,  crossed  by  regular  radiating  lines  that  are  very 
fine,  and  crowded  on  the  anterior  part  of  the  valves,  but  become  coarser 
above  and  behind  the  umbonal  ridge,  the  largest  being  near  the  dorsal 
side,  where  they  bifurcate  so  as  to  become  very  fine,  and  curve  more  or 
less  upward  before  reaching  the  cardinal  margin. 

Greatest  length,  measuring  from  the  beaks  obliquely  from  the  beaks 
to  the  most  prominent  part  of  the  basal  margin  of  a  large  specimen,  1.90 
inches ;  greatest  breadth  at  right  angles  to  the  same,  1  inch ;  convexitv, 
0.76  inch. 

On  first  examining  some  imperfect  casts  of  this  shell,  brought  by  Dr. 
Hayden  from  near  Coalville,  Utah,  I  was  led  to  think  it  probably  the 
form  described  by  Dr.  Roemer  from  Texas,  under  the  name  Modioia 
PedernaliSj  to  which  I  referred  it  provisionally,  in  making  out  the  list  of 
Cretaceous  fossils  for  Dr.  Hayden's  rei)ort  of  1870,  Further  comparisons 
of  better  specimens  collected  during  the  past  summer  at  the  same  locality, 
however,  have  satisfied  me  that  it  presents  well-marked  und  constant 
difi^ierences  from  the  Texas  shell.  In  the  first  place,  it  is  distinctly  more 
arcuate,  so  much  so,  that  when  placed  with  its  hinge  line  in  a  honzontal 
position,  the  outline  of  its  posterior  margin,  instead  of  forming  an 
oblique  backward  descending  curve,  ranges  nearly  vertically.  Again, 
the  most  prominent  part  of  its  posterior  basal  margin  is  very  narrowly 
rounded,  instead  of  forming  a  regular  curve.  Its  umbonal  ridges  are 
likewise  more  prominent,  more  arched,  and  extend  down  to  the  narrowly 
rounded  posterior  basal  extremity.  The  lobe  like  projection  of  the 
upper  part  of  its  at?terior  margin^  under  the  beaks  and  in  front  of  the 
umbonal  ridge,  also  difi'ers  in  being  proportionally  much  smaller  than 
in  Dr.  Boomer's  species,  iu  vrhich  it  forms  about  one-third  of  the  entire 
valve,  as  seen  in  a  side  view;  while  in  our  shell  it  scarcely  forms  more 
than  one-sixth.    Of  course  the  specimens  are  more  or  less  variable  in 
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these  eliwractersy  but  the  two  forms  can  always  be  readily  distingaished 
when  good  examples  can  be  had  for  comparison. 

In  its  more  arcuate  form,  oar  shell  agrees  more  nearly  with  Modiola 
anuUQy  Oabb,  from  the  Oretaceons  rocks  of  Caliibmia ;  bat  that  shell 
differs  veiy  markedly  in  having  its  beaks  decidedly  less,  nearly  terminal, 
and  a  more  decided  and  much  more  prominent  lobe  in  front  of  them. 
Another  important  di£ferenc6  is  to  be  observed  in  the  radiating  striaa, 
which  on  the  anterior  side  of  our  shell  are  very  minute  and  closely 
crowded ;  while  on  that  part  of  Mr.  Gabb's  species,  they  are  as  large  and 
distant  from  each  other  as  on  any  other  part  of  the  valves. 

If  Soopoli's  name  VolseUa  should  be  adopted  for  this  genus,  as  there 
are  some  reasons  for  believing  may  be  the  case,  this  change  would 
nqnire  the  name  of  this  species  to  be  written  Volsella  multilinigera. 

LoealUp  and  |Nmti<m.— Cretaceous  sandstones,  near  Coalville,  Utah, 
first  ridge,  l^o.  14. 

Tbapezium  migronema,  Meek. 

Shell  attaining  a  rather  large  size,  elongate  trapeziform,  the  length 
being  a  little  more  than  twice  the  height,  which  is  about  one-third 
greater  than  the  convexity ;  anterior  margin  very  short  and  round ;  pos- 
terior margin  obliquely  truncated  above  and  narrowly  i^ounded  below; 
base  nearly  sta^aigbt,  or  faintly  sinuous  along  the  middle,  rounding  up 
ratlier  abruptly  at  each  end:  dorsal  margin  long,  straight,  and  parallel 
to  the  base }  beaks  depressea  nearly  or  quite  to  the  horizon  of  the  dorsal 
margin,  and  located  one-sixth  the  entire  length  of  the  valves  from  the 
anterior  margin;  umbonal  slopes  prominently  rounded  £rom  the  beaks 
obliquely  backward  and  downward  nearly  to  the  posterior  basal  extrem- 
ity, while  below  this  convexity  a  shallow  concavity  extends  from  each 
beak  obliquely  back  ward-to  near  the  middle  of  the  basal  margin.  Surface 
ornamented  with  numerous  very  fine,  regular,  crowded,  thread-like  radi- 
ating lines. 

Length,  2.28  inches ;  height,  1.21  inches ;  convexity,  0.90  inch. 

I  know  nothing  of  the  hinge  of  this  shell,  and  merely  place  it  in  the 
|;eoiis  Trapezium  from  external  characters.  Its  form  and  surface-mark- 
ings, however,  are  such  as  to  leave  little  room  for  doubts  in  regard  to 
its  relations  £b  that  genus  or  Garamophaga. 

Note. — Since  describing,  in  Dr.  Hayden's  Report  of  1870,  (page  301,) 
an  elongated  shell,  from  Utah,  under  the  name  Pachymya  (Y)  truncata^  I 
kave  bwn  led,  by  further  comparison,  to  think  it  far  more  probably  be- 
longs  to  the  genus  Trapezium^  and  remove  it  provisionally  to  that  genus 
under  the  name  T.  tnmcaia.  In  the  same  way  I  would  remove  another 
riiell,  described  by  me  in  that  report  as  Tapes  Wyomingenm^  to  Dr.  Sto- 
liczka's  genus  Barodaj  under  the  name  Baroda  WyomUigensis. 

Loeaiify  and  position, — Cretaceous  coal-bearing  sandstones  at  Bear 
Kver  City,  on  Sulphur  Creek,  Wyoming. 

CoBBiotJLA  (Velomtina)  inflexa,  Meek. 

SheO  longitudinally  ovate,  a  little  less  than  two-thirds  as  high  as  long, 
moderately  convex;  posterior  extremity  rather  narrowly  rounded,  or 
apparently  sometimes  faintly  subtruncated;  anterior  very  short,  subtrun- 
cated,  or  more  or  less  sinuous  in  outline,  just  in  advance  of  the  beaks, 
on  the  abrupt  forward  slope  above,  and  rather  abruptly  rounded  below : 
basal  margin  semi-ovate,  or  semi-elliptic;  dorsal  margins  inflected  ana 
fortainga  long  convex  slope  from  the  nmbonal  region  posteriorly ;  beaks 
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ratber  depressed,  obliqcie,  incurved,  and  placed  near  the  anterior  end] 
ambonal  slopes  not  prominently  roanded ;  sarfaee  merely  showing  fine, 
leather  obscure  marks  of  growth ;  anterior  musealar  impressicm  ratber 
strongly  defined  and  obliqaely  ovate;  x^sterior  mnacalar  impression 
larger  and  obscure ;  pallial  line  showing  a  deep,  angular,  ascending  sinus; 
posterior  lateral  teeth  of  hinge  very  long,  linear,  and  nearly  or  quite 
smooth ;  anterior  short;  cardinal  teeth  very  oblique. 

Length  of  a  specimen,  a  little  under  medium  size,  1.35  inches;  height, 
0.39  inch ;  convexity,  0.68  inch. 

This  species  is  more  depressed  and  elongated  than  any  of  those  hith- 
erto described  from  the  far- western  localities,  excepting  one  or  tr^'o  from 
the  coal  formations  on  Bitter  Creek,  Wyoming,  from  which  it  differs  in 
having  its  beaks  placed  farther  forward.  It  will  also  be  readily  distin- 
guished from  those  shells,  as  well  as  from  all  of  the  other  species  of  the 
genus  yet  known,  from  any  of  our  rocks,  by  having  an  angular,  ascend* 
ing,  and  comparatively  deep  sinus  in  iteupallial  line,  almost  like  that  seen 
in  many  types  of  the  Veneridce.  This  character  is  so  strongly  marked 
that  it  was  not  until  I  had  succeeded  in  getting  a  tolerably  clear  idea  of 
the  nature  of  the  hinge  that  I  could  believe  the  shell  related  to  the  gronp 
to  which.  I  have  referred  it  As  was  pointed  out  by  Mr.  Tryon,  soma 
years  back,  the  existing  American  species  of  Cyrena  and  CarbictLki  have 
the  pallial  line  more  or  less  sinuous ;  while  in  nearly  all  of  those  from 
foreign  countries  it  is  simple.  I  have  also  ascertained  that  nearly  all 
the  extinct  North  American  species  yet  known  have  the  pallial  line  sin- 
uous. The  sinus,  however,  is  usually  shallow  and  rounded,  or  obtuse^ 
in  our  fossil  species ;  that  of  the  shell  here  under  consideration  being 
unusually  deep  and  angular. 

Locality  and  position* — Near  Missouri  River,  below  Gallatin  City,  Mon- 
tana, where  it  occurs,  associated  with  Trigonia^  InoeeramuSj  Cardium^ 
Ostrea^  and  other  marine  Cretaceous  fossils. 

CoBBicuLA  Cykena  (!)  SEGUBis,  Meek. 

Shell  (as  determined  from  internal  casts)  ovate-subtrigonal,  moder- 
ately convex  in  the  central  and  umbonal  regions,  and  cuneate  behind ; 
anterior  end  short,  with  its  margin  regularly  rounded  from  below  the 
beaks  into  the  base ;  posterior  margin  apparently  a  little  truncated,  with 
a  slight  backward  obliquity  from  the  posterior  dorsal  slope  to  the  pos- 
terior basal  extremity,  which  rounds  abruptly  into  the  ventral  margin; 
dorsal  outline  declining  rather  distinctly  backward  from  the  beaks;  basal 
margin  forming  a  semi-elliptic  or  semi-ovate  curve :  beaks  promineuli 
giblK>us,  located  about  one-third  the  length  of  the  shell  from  the  anterior 
margin,  and  rather  strongly  incurved ;  posterior  umbonal  dlopes  some> 
what  prominently  rounded;  muscular  impressions  shallow.  (Surface 
and  hinge  unknown.) 
Length,  1.67  inches;  height,  1.47 inches;  convexity,  about  1.15 inches 
The  only  s|>ecimen  of  this  sx>ecies  3'et  known  being  merely  a  cast,  it 
is  not  possible  to  determine  from  it,  with  certainty,  the  generic  charac- 
ters of  the  shell.  It  agrees,  so  nearly,  however,  in  general  appearance^ 
with  Corbicula  Durkeei^  from  the  estuary  beds  near  the  same  locality, 
that  I  was  at  first  inclined  to  believe  it  might  be  that  species.  A  care* 
ful  comparison,  however,  with  that  sheU,  lM>th  as  represented  by  inter- 
nal casts,  and  by  specimens  showing  the  exterior,  Icuives  no  doabt  that 
it  IS  at  least  specifically  distinct.  A  marked  character  seen  in  all  the 
numerous  specimens  of  C  Durkeei  is  the  very  strong  inflection  of  the 
margins  of  the  valves  along  the  posterior  dorsal  sloi)e,  causing  a  ptO' 
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foond  wide  sdIcqb  from  tbe  beaks  nearly  or  quite  to  tbe  posterior  basal 
eitireoiity,  where  the  two  are  united.  This  character  aloue  will  distiu- 
gaish'thai  shell  from  the  term  here  under  consideration,  which  shows 
Dotbing  of  the  kind.  Another  well-marked  difference  is  also  observable 
in  tbe  mnscular  impressions ;  the  anterior  onean  C.  Durkeei  being  very 
de^,  while  in  the  species  here  described  it  is  so  shallow  as  only  to  leave 
rather  faint  marks  of  its  outline  on  internal  casts. 

Locality  and  pontum. — Cret4iceons  sandstones,  including  the  coal  at 
Bear  Eiver  City,  (Sulphur  Creek,)  Wyoming  Territory. 

COBBICULA  ^QUILATBRALIS. 

Shell  (as  determined  from  an  internal  cast)  subtrigonal,  and  nearly, 
or  quite,  equilateral,  rather  convex;  height  about  five-sixths  the  length ; 
anterior  and  posterior  extremities  nearly  equally,  and  rather  narrowly, 
iwiDded;  ventral  margin  forming  a  nearly  semielliptic  curve,  the  most 
prominent  part  being  at  the  middle;  beaks  rather  prominent,  and  very 
nearly,  if  not  quite,  central ;  umbonal  slopes  not  prominently  rounded; 
dorsal  outline  declining  subequally  from  the  beaks  in  front  and  rear,  the 
posterior  slope  beiu^  convex  in  outline,  and  the  anterior  concave ;  mus- 
cular impressions  shallow.    (Surface  and  hinge  unknown.) 

Length,  1.72  inches;  height,  1.45  inches;  convexity,  about  0.92  inch. 

One  specimen  of  this  shell  shows  impressions  in  the  matrix  of  elongated 
lateral  teeth,  like  those  of  Corbieula  in  form  ;  but  the  arenaceous  ma- 
terial is  too  coarse  to  have  defined  the  striations  of  these  teeth,  if  any 
existed.  Until  the  cardinal  teeth  can  be  seen,  its  relations  to  that  genus 
cannot  be  positively  determined,  though  I  have  little  doubt  that  it 
beloogs  to  that  group.  It  will  be  readily  distinguished  from  the  last  by 
its  less  elongated  and  equilateral  form.  These  characters  will  also 
equally  distinguish  it  from  O.  Durkeeij  from  the  Bear  River  estuary 
beds. 

Locality  and  position. — Same  as  last. 

Cybena  Carletoni,  Meek. 

Shell  small,  thin,  snbcircular,  or  with  length  a  little  greater  than  the 
Kdight;  nfoderately  convex ;  anterior  and  posterior  margins  rounding 
from  above  regularly  into  the  rounded  basal  outline,  or  with  the  posterior 
sometimes  slightly  straightened,  both  rounding  more  abruptly  to  the 
Innge  above ;  beaks  rather  depressed,  small,  abruptly  pointed,  incurved, 
nearly  contiguous,  and  placed  slightly  in  advance  of  the  middle ;  hinge 
line  sloping  very  gradually  from  the  beaks.  Surface  marked  with  mod- 
erately distinct  concentric  lines  and  ftirrows. 

Length  of  a  medium-sized  specimen,  0.55  inch ;  height  of  same,  0.49 
inch ;  convexity,  0.32  inch. 

This  shell  is  so  very  thin,  and  so  nearly  resembles  a  rather  large 
Spharium  in  form  and  surface  characters,  that  I  should  certainly  have 
referred  it  to  that  genus,  had  not  a  lucky  blow  separated  the  hinge  of 
a  right  valve  from  the  matrix  in  such  a  manner  afi  to  expose  the  teeHi 
quite  satisfactorily.  This  shows  its  hinge  to  have  the  characters  of  a 
tnie  Cyrena.  For  so  thin  a  shell  it  has  quite  a  stout  hinge.  Its  car- 
dinal teeth  are  rather  diverging,  the  posterior  two  being  well  developed, 
and  each  a  little  furrowed  along  the  middle,  while  the  anterior  one  (in 
this  right  valve)  is  much  smaller  and  conical  in  form.  Tbe  lateral 
teeth  are  of  moderate  size,  and  certainly  smooth,  the  posterior  being 
remote  from  the  cardinal  teeth,  and  the  linear  anterior  extending  back 
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to  the  latter.  InterDal  casts  sbow  tbe  moscnlar  and  pallial  imptessioiM 
to  be  well  defined,  aud  tbe  latter  to  be  a  little  straigbtened,  or  showiog 
a  very  faint  tendency  to  form  a  small  sinus  Hnder  tbe  posterior. 

Tbis  is  a  ratber  small  and  an  unusually  tbin  sbell  for  tbe  genns  O^fiifi, 
being,  as  already  remari^ed,  mucb  more  like  a  Sphwrium  in  these  ehar* 
aeters.  It  is  quite  abundant  at  tbe  locality,  but  as  it  is  only  found  in  an 
indurated  chiy  matrix,  good  specimens  are  with  difficulty  obtained,  and 
from  tbese  tbe  tbin  sbell  is  very  liable  to  break  and  scale  off,  leaving 
only  tbe  internal  cast  remainingi 

Among  tbe  specimens  collected  there  are  some  of  a  more  transversely 
oval  form  and  somewbat  larger  size  than  those  I  have  regarded  as  the 
types  of  tbe  species  here  described.  Tbese  may  belong  to  a  distinet 
species,  but  they  agree  so  nearly  in  all  other  known  characters  that 
I  am  at  present  inclined  to  regard  them  as  merely  a  variety  of  tbe 
same. 

Locality  and  position. — Carleton's  coal-mine,  Goalville,  Utali.  Creta- 
ceous. 

PHARELLAt  PSALEI,  Meek. 

Shell  elongate-oblong,  or  subrbombic,  tbe  length  being  about  twice 
and  a  half  the  height,  rather  compressed  ^  anterior  margin  dightly 
sinuous  just  in  advance  of  the  beaks  above,  and  somewbat  narrowly 
rounded  below  tbis  faint  sinuosity;  posterior  margin  truncated,  with  a 
convex  outline,  very  obliquely  backward  and  downward,  from  the 
posterior  extremity  of  the  hinge  to  tbe  prominent  and  very  narrowly 
rounded  or  angular  posterior  basal  extremity;  binge-line  proper 
apparently,  comparatively  short,  and  not  forming  any  angularity  of  oat- 
line  at  its  connection  witb  the  sloping  posterior  dorsal  margin  ;  beaks 
rising  a  little  above  the  binge-margin,  but  rather  depressed  and  placed 
about  one-fii'th  the  entire  length  of  tbe  valves  from  the  anterior  margin; 
basal  margin  long,  slightly  sinuous  along  most  of  its  length ;  posterior 
dorsal  slopes  ratber  prominently  rounded  from  tbe  beaks  obliquely  to 
the  posterior  basal  extremity.  Suiface  only  showing  obscure  lines  of 
growth. 

Length,  1.20  inches;  height,  0.48  inch ;  convexity,  0.28  inch. 

Knowing  nothing  of  the  hinge  of  this  shell,  I  only  refer  it  provisionally 
to  Pharella.  It  does  not  seei]pi  to  have  had  tbe  extremities  gaping  as  in 
that  genus;  but  the  specimen  ha«  evidently  been  acciden^ly  com- 
pressed, and  tbis  may  have  given  the  valves  tbe  appearance  of  being 
closed.  In  general  appearance  it  resembles  Solen  Ouerangeri^  d'Orbigny, 
which  seems  to  belong  to  the  genus  Phardla,  Our  shell,  however, 
evidently  differs  from  d'Orbigny's  specifically,  at  least  in  not  having  the 
posterior  margins  of  its  valves  near  so  abruptly  truncated,  but  romping 
and  sloping  forward  gradually  into  the  dorsal  outline  above.  Possibly 
I  should  call  it  Modiola  Pealei. 

Locality  and  position. — Missouri  Biver,  below  Oallatin  City,  Montana. 
Cretaceous. 

COBBULA  NEMATOPHOEA,  Meek. 

Shell  of  about  medium  size,  ovate-subtrigonal,  nearly  equivalve  and 
moderately  convex,  with  height  equaling  two-thirds  tbe  length ;  anterior 
outline  rounded ;  base  semi-ovate;  posterior  extremity  somewhat  pro- 
duced and  subangular  or  minutely  truncated  in  outline  below ;  doml 
outline  sloping  from  the  beaks,  the  anterior  slope  being  more  abrupt^ 
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and  Slightly  concave  in  ontline  above,  and  the  posterior  longer  and 
Dearly  straight,  with  a  greater  obliquity;  posterior  umbonal  slopes 
more  or  less  angular  in  each  valve,  from  the  beak  to  the  posterior  basal 
extremity;  beaks  rather  prominent,  and  placed  about  one-third  the 
length  of  the  valves  from  the  front.  Surface  ornamented  by  small,  reg- 
ular, oonceutric  ridges,  or  strong  lines  and  furrows,  bpth  of  which  are 
more  distinct  on  the  right  valve  than  on  the  left,  where  they  are  some- 
times obsolete. 

Length  of  largest  specimen  seen^  0.50  inch ;  height,  0.32  inch ;'  con- 
vexity,-0.25  inch. 

This  shell  agrees  so  very  nearly  with  a  form  I  have  described  from 
Hallyille,  Wyoming,  under  the  name  Corbiculat  erassatelUformis^  as  a]> 
most  to  raise  a  doubt  whether  it  may  not  be  really  the  same  species.  I 
have  not  seen  the  hinge  of  the  Hallville  species  very  clearly,  though 
some  of  the  specimens  seem  to  indicate  that  it  can  hardly  be  a  Gorbula  / 
while  those  of  a  larger,  but  otherwise  scarcely  distinguishable  form, 
associated  with  it,  are  distinctly  seen  not  to  have  the  characters  of  Car- 
buloj  bat  to  present  nearly  the  essential  features  of  Corbiculu.  Even 
ahoald  the  smaller  of  the  Ilallville  si>ecies,  however,  prove  to  be  a  Cor- 
buiaj  I  think  the  form  under  consideration,  which  certainly  Jui8  the  hinge 
of  the  latter  genns,  will  be  distinguished,  specifically,  by  its  smaller 
tize,  more  convex  valves,  and  more  distinctly  striated  and  furrowed 
mirlace ;  particularly  that  of  its  right  valve.  It  is  also  not  so  extremely 
diiD  a  shell  as  the  Hallville  species. 

I  also  have  now  before  me  another  very  closely  allied  form,  from 
Black  Butte  Station,  Wyoming,  and  still  more  nearly  like  the  Hallville 
shell  referred  to.  So  far  as  can  be  determined  by  comparisons  witli 
accidentally  compressed,  and  separated  valves  of  the  Hallville  shell, 
showing  none  of  the  hinge  charsicters,  the  specimens  of  the  Black  Butte 
form  would  seem  only  to  differ  in  being  much  thicker,  and  more  strongly 
tod  regularly  marked  by  concentric  lines  and  furrows.  Its  decidedly 
iaequivalve  character  may  also  be  another  difference,  but  it  is  not  pos- 
sible to  determine  from  the  separated  and  compressed  valves  of  th& 
Hallville  species,  yet  seen,  whether  it  is  iuequivalve  or  not,  though  it 
seems  not  to  be.  Compared  with  the  form  here  described,  and  which, 
mast  occupy  ^  much  lower  position  in  the  series,  the  specimens  from. 
BUck  Butte  differ  chiefly  in  being  much  larger,  thicker  shells,  some- 
what more  abrupt  on  the  anterior  slope,  with  more  elevated  beaks. 
There  may  also  be  differences  in  the  hinge  an(}  musculaf  and  pallial  im- 
pressions, which  I  have  had  no  opportunity  to  compare. 

Should  this  Black  Butte  form  prove  to  be  distinct  from  both  of  the 
others  mentioned,  it  may  be  called  Carbula  propinqtia^ 

Locality  and  position. — Near  Cedar  City,  Southern  Utah,  from  coal- 
bearing  Cretaceous  beds,  apparently  belonging  to  the  same  horizon  aa> 
the  lower  part  of  the  coal-series  at  Coalville.  It  occurs  in  great  num/* 
bers,  associated  with  Turritella  Coalvillenrnj  and  other  forms  app^- 
anily  identical  with  Coalville  specieSi 

Nebitina  (DosTiAt)  BEixATUiA,  Meek, 

Shell  small,  depressed  ovate,  or  broad  slipper-shaped^  apeic  very 
wall,  and  depressed  to  the  posterior  margin,  where  it  forms  one  or  two 
Minate,  slightly  oblique,  compact  turns,  that  do  not  project  beyond  the 
margin,  but  are  sometimes  even  slightly  overlapped  by  it;  inner  lip 
very  broad,  or  shelf-like,  and  occupying  more  than  half  of  the  under 
side,  convex  and  more  or  less  thickened,  with  the  inner  margin  concave 
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ill  outline  at  the  middle,  nnd  provided  with  a  slight  projection  on  each 
side,  but  not  properly  creuate  or  dentate ;  outer  lip  rather  thick,  ohtose, 
nearly  or  qaite  smooth,  and  continuous  around  the  margins  with  the  inn«r 
one;  aperture  small,  and  transversely  semicircular.  Surface  ix>lished 
and  ornamented  by  fifteen  to  twenty  light  yellowish  or  cream  colored, 
simple  radiating  costse,  separated  by  shallow,  bright  brownish  furrows 
of  about  the  same  breadth ;  lines  of  growth  moderately  distinct.* 

Length,  0.31  inch ;  breadth^  0.25  inch ;  convexity,  0.12  inch. 

I  am  in  some  doubt  in  regard  to  the  proper  disposition  to  make  of 
this  little  shell.  In  most  of  its  characters  it  seems  to  conform  pretty 
nearly  with  Dostia  of  Gray,  generally  regarded  as  a  subgenus  under  Hen- 
tina^  Lamarck,  {=NeHteUa^  Humphrey.)  It  has  a  much  smaller  and  less 
prominent  spire,  however,  and  a  more  convex  and  bi-oader  inner  lip, 
than  the  type  of  that  group,  and  also  want-s  the  crenulations  of  the 
inner  lip  seen  in  the  same.  In  its  limpet-like  form,  tumid,  greatly  de- 
veloped inner  lip,  and  minutely  coiled  apex,  it  approaches  Velaies^  Mont- 
fort;  and  I  am  not  quite  sure  that  I  would  not  be  nearer  right  to  call 
it  Velates  bellatula.  Still  it  differs  from  the  typical  form  of  that  genus 
in  having  its  apex  depressed  to  the  posterior  margin,  instead  of  being 
elevated  and,  nearly  central;  while  the  margin  of  its  inner  lip  wants  the 
distinct  denticulations  seen  in  that  of  that  shell. 

Of  course,  if  Humphrey's  catalogue  genera  are  to  be  adopted,  on 
account  of  their  priority  of  date  over  those  of  Lamarck  and  others  that 
were  accompanied  by  diagnoses,  the  name  of  this  shell,  supposing  the 
view  here  adopted  in  regard  to  its  affinities  to  be  correct,  would  b^me 
Neritella  fDostiaJ  bellatula. 

Locality  and  position. — Garleton's  coal-mine,  Coalville,  Utah. 

Neritina  (Dostia!)  patelliformis,  Meek. 

Shell  small,  thick,  oval  or  subelliptic;  nucleus  nearly  posterior  and 
generally  more  or  less  elevated  above  the  posterior  margin,  but  always 
lower  than  the  mid<lle  position  of  the  dorsal  region  in  front  of  it^ 
directed  obliquely  backward,  and,  in  well-preserved  specimens,  minutdy 
subspiral  at  the  immediate  more  or  less  oblique  apex;  inner  lip  veiy 
broad,  or  having  the  form  of  a  thick,  smooth,  convex  septum,  that 
extends  forward  more  than  half  the  length  of  the  shell ;  outer  lip  thick- 
ened, obtuse,  and  smooth  within ;  open  part  of  the  aperture  small  and 
transversely  selhiicircular.  Surface  with  moderately  distinct  lines  of 
growth. 

Length  of  one  of  the  largest  specimens  found,  0.62  inch;  breadth, 
0.50  inch ;  height  or  convexity,  0.33  inch. 

This  form  is  evidently  very  nearly  related  to  the  last,  and  may  xK>f>si- 
bly  be  a  more  robust  variety  of  the  same.  It  attains  a  much  larger  size, 
however,  than  any  of  the  specimens  of  that  shell  I  have  seen,  and  pre- 
sents a  more  elevated  form,  with  a  thicker  and  more  tumid  inner  lip; 
while  its  nucleus  is  often  more  elevated  above  the  margin,  though  not 
always  so.  At  first,  I  thought  the  absence  of  radiating  cost»  on  this 
shell  would  very  decidedly  distinguish  it  from  the  last,  but  on  farther 
examination  I  find  the  costae  almost  obsolete  on  one  of  the  specimens 
of  that  species,  though  the  bright  brown  color  of  the  spaces  between 
them  makes  the  lighter  interspaces  quite  apparent.  Among  the  speci- 
mens of  the  larger  form  under  consideration,  (broken  directly  from  the 

m        -  I  »  ■  ■  ■  .  I  .  ■  ■  ■    ■  ■  . 

*  Of  couTBe  the  colors  mentioned  are  not  known  to  preeent  the  same  tkUt  in  the  fbaiil 
shells  that  ornamented  them  when  the  animal  was  alive. 
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same  matrix,)  I  find  a  single  small  individnal,  showing  very  obscure 
traces  of  radiating  brown  stripes,  like  those  occurring  between  the  oostsB 
of  the  la«t,  ^the  other  specimens  not  being  in  a  condition  to  preserve 
marks  of  color.)  It  is  possible,  however,  that  this  smaller  individual, 
showing  traces  of  colored  stripes,  may  be  distinct  from  the  others.  It 
would  be  rather  remarkable  if  this  and  the  last  describefl  species  should 
he  the  same,  since  an  interval  of  about  600  feet  of  strata  occurs  betweeu 
the  beds  in  which  they  were  found;  while  all  of  the  other  species,  so 
far  as  known,  from  the  two  horizons,  are  distinct,  and  no  shell  resem- 
bling these  forms  is  known  to  occur  in  any  intermediate  horizon. 

Locality  and  position. — Coalville,  Utah,  from  the  Cretaceous  beneath 
the  lower  heavy  bed  of  coal  mined  at  that  place. 

Neritina  (Dostia! )  oarditoides,  Meek. 

Shell  attaining  a  moderately  large  size,  broad,  oval,  and  depressed  in 
form,  apex  posterior,  and  nearly  or  quite  depressed  to  the  margin,  appar- 
ently obliquely  subspiral ;  inner  lip  very  broad j  or  forming  more  than 
half  of  the  under  side,  rather  thick,  smooth,  and  nearly  flat,  or  some- 
what convex,  with  its  straight  inner  margin  sharp  and  without  teeth 
or  crenulations;  outer  lip  thick,  very  obscurely  crenate  within,  and 
apparently  continuous  with  the  margins  of  the  inner  one  around  be- 
hind ;  aperture  transversely  semicircular,  and  less  than  half  the  size  of 
the  under  side  of  the  shell.  ISnrface  ornamented  by  about  fifteen  simple, 
narrow,  sharp,  and  snbcrenate  radiating  cost»,  separated  by  wider, 
ronnded,  intermediate  furrows ;  lines  of  growth  distinct. 

Length,  about  0.87  inch ;  breadth,  0.70  inch ;  convexity,  0.36  inch. 

This  is  another  curious  form  allied  to  the  little  species  1  have  described 
QDder  the  name  N.  hellatula.  When  viewed  from  the  dorsal  side,  as 
seen  lying  with  the  aperture  downward,  its  form  and  strong  radiating 
costJB  give  it  itiuch  the  appearance  of  the  left  valve  of  a  Cardita  or  Car- 
dium.  The  only  specimen  of  it  in  the  collection  has  its  apex  and  poste- 
rior and  lateral  margins  broken  away,  and  its  broad,  smooth,  shelf-like 
inner  lip  broken  by  pressure  inward.  Btill,  however,  it  gives  a  tolera- 
bly correct  idea  of  the  characters  of  the  shell.  In  several  respects  it 
Bfcrees  with  VelateSj  and  possibly  might,  without  impropriety,  be  called 
Velates  carditoides.  1  suspect,  however,  that  when  better  specimens  can 
be  examined,  it  will  be  found  typical  of  an  undescribed  section,  including 
also  the  little  species  K.  hellatula.  If  so  I  would  propose  for  the  group 
the  name  Velatella.    I  know  ot  no  nearly  allied  described  type. 

Locality  and  position. — Carleton's  coal-mine,  Coalville,  Utah.  Creta- 
ceous. I  am  under  obligations  to  Mrs.  Carleton,  the  wife  of  the  gentle- 
man who  owns  the  coal-mine  at  which  the  specimen  was  found,  for  the 
only  example  of  the  species  I  have  seen,  which  was  discovered  by  her 
while  we  were  at  the  locality. 

* 

]!7ebitina  (Neeitblla)  Baivnistebi,  Meek. 

Shell  subglobose;  spire  much  depressed,  or  with  its  apex  scarcely 
tising  above  the  body  whorl;  volutions  three  to  four,  rapidly  increasing 
in  size,  so  that  the  last  one  comprises  nearly  the  entire  shell,  more  or 
less  flattened,  and  sometimes  provided  with  an  obscure  linear  revolving 
furrow  above;  aperture  large,  snbovate,  approaching  semicircular,  being 
a  little  sicaighter  on  the  inner  side ;  enter  lip  beveled  to  a  thin  edge; 
inner  lip  of  moderate  breadth,  slightly  concave,  and  flattened,  with  a 
steep  inwa^  slope,  entirely  smooth.    Surface  polished,  and  marked  by 
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crowded  zigzag  vertical  bands  of  brown  and  light  yellowish  colors ;  lines 
of  growth  moderately  distinct. 

Height  of  a  nearly  mediamsized  specimen,  0.40  inch;,  breadth^  0.43 
inch.    Some  examples  are  as  much  as  twice  these  dimensions. 

Although  the  specimens  show  the  pattern,  or  style,  of  the  originsd 
coloration  of  this  shell  quite  distinctly,  the  colors  themselves  may, 
of  course,  have  been  different  on  the  living  shell.  Usually  the  zigzag 
markings  are  quite  distinct  on  the  specimens  as  found,  but  on  some  ex- 
amples the  bands  are  blended  and  become  fainter,  so  that  Uie  surface 
merely  presents  a  light  brownish  tinge.  It  is  always  polished,  however, 
on  all  the  specimens  seen. 

This  species  seems  tobe  more  nearly  allied  to  N.  Nebrascensigj  M.  &  H., 
from  Jurassic  beds  near  the  head  of  Wind  Eiver,  than  to  any  other  forai 
with  which  I  am  acquainted.  It  may  be  readily  distinguished,  however, 
by  its  more  depressed  spire  and  the  slight  flattening  of  its  volutions 
above,  as  well  as  by  its  moi'e  flattened  and  more  concave  inner  lip.  It 
lilcewise  attained  a  larger  size  than  any  of  the  specimens  of  that  species 
1  have  seen.  It  is  one  of  the  most  abundant  shells  observed  at  the 
locality,  and  is  usually  found  in  a  better  state  of  preservation  than  any 
of  its  associates. 

The  speciflc  name  is  given  in  honor  of  Dr.  Henry  M.  Bannister,  of  the 
Smithsonian  Institution,  to  whom  I  am  under  obligations  for  valuable 
assistance  while  visiting  the  Bocky  Mountain  region  during  the  past 
summer. 

Locality  and  position. — Carleton's  coalmine,  Coalville,  Utah. 

]Sebitina  (Nbeitella)  pisum,  Meek. 

Shell  globose;  spire  much  depressed;  volutions  about  thtee,  rapidly 
increasing  in  size,  so  that  the  last,  or  body  turn  (which  is  a  little  de- 
pressed above)  composes  nearly  the  entire  shell;  inner  lip  broad,  flat- 
tened, and  smooth;  ax^erture  small  and  semicircular;  surface  nearly  or 
quite  smooth. 

Height,  0.22  inch  ;  breadth,  0.26  inch. 

This  little  shell  has  much  the  form  of  the  last,  and  I  was  at  first  inclined 
to  think  it  might  be  the  same,  notwithstanding  its  much  lower  position 
in  the  series.  A  careful  comparison,  however,  shows  that  it  has  a  de- 
cidedly broader,  flatter,  and  straighter  inner  lip,  while  its  aperture  is 
proportionally  smaller,  and  quite  different  in  form. 

Locality  and  position, — ^Coalville,  Utah.  Cretaceous,  from  below  the 
lower  bed  of  coal. 

I^ERITINA  pisiFOBMis,  Meek. 

Shell  small,  subglobose,  or  obliquely  rhombic,  the  height  being  slightly 
less  than  the  oblique  breadth ;  spire  rather  prominent  for  a  species  of 
this  genus ;  volutions  three  to  three  and  a  haJf ;  convex ;  last  one  large, 
and  forming  most  of  the  bulk  of  the  shell;  aperture  subovate,  consider- 
ably contracted  by  the  flattened,  moderately  wide  inner  lip,  which  is 
nearly  straight  on  its  inner  margin,  and  provided  there  with  four  small 
denticles,  the  upper  one  of  which  is  largest.    Surface  smooth. 

Height,  0.30  inch ;  greatest  oblique  breadth,  0.32  inch. 

This  little  shell  agrees  so  nearly  in  size  and  form  with  the  described 
species,  (N.  pisum,)  that  they  may  be  readily  confounded,  as  they  are 
found  with  the  aperture  filled  with  rock.  A  fortunate  fnicture  of  one 
of  the  specimens  exposed  the  inner  edge  of  its  flattened  colivneila,  how- 
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«i7er,  and  thns  enabled  me  to  see  that  it  is  denticulated,  and  in  this 
lespect  differs  from  Neritina  pisum^  which  seemR  to  be  entirely  without 
teeth.  Further  comparisons  also  show  the  two  shells  to  differ  in  form, 
that  under  consideration  having  a  more  prominent  spire  and  a  more 
globose  outline,  being  less  oblique. 

In  size  and  general  appearance  it  also  closely  resembles  small  exam- 
ples of  Neritina  oompacta,  Forbes,  from  the  Cretaceous  rocks  of  India ; 
bnt  it  is  less  oblique,  or  more  globose  in  form,  and  has  four  denticles 
instead  of  only  three  on  its  columella.  It  is  possible  I  should  call  it 
Neriia  pisi/ormiSj  as  the  denticnlations  of  its  columella  are  rather 
strongly  developed  for  a  Neritina^  in  which  genus  the  columella  is  usually 
smooth,  or  only  finely  crenate.  Its  general  aspect,  however,  is  tSore  like 
species  of  the  latter  group. 

Locality  and  position. — ^Coalville,  Utah,  from  the  Cretaceous  beds 
below  the  heavy  lower  bed  of  coal  mined  there. 

Admete?  RHOMBOiDES,  Meek. 

Shell  rather  small,  rhombic  suboval,  or  short  subfusiform,  the  length 
being  slightly  more  than  twice  the  breadth  at  the  widest  part,  which  is 
near  the  middle;  spire  rather  depressed-conical, subturreted  ;  volutions 
five  or  six;  convex;  lastoneformingabont  three-fourths  the  entire  bulk 
of  the  shell,  and  more  than  half  of  its  length,  widest  near  its  upper  part, 
and  abruptly  narrowed  below  so  as  to  present  an  obliquely  obovate 
form ;  suture  rather  deep  from  the  convexity  of  the  volutions ;  aperture 
narrow,  subangular  above  and  narrowed  below  to  a  small  notch  at  the 
base  of  the  truncated  columella,  which  is  provided  with  two  small  obscure 
plaits  or  folds,  the  lower  of  which  is  formed  by  the  twisted  margin  of  the 
truncated  inner  lip,  while  the  other  is  placed  a  little  farther  up ;  outer  lip 
sharp,  with  its  margin  slightly  retreating  above,  and  more  prominent 
below,  or  near  the  middle.  Surface  ornamented  by  distinct  vertical  folds, 
that  are  usually  well  developed  on  the  volutions  of  the  spire,  and  around 
the  upper  part  of  the  body  whorl,  but  become  obsolete  below ;  moderately 
distinct  revolving  lines  also  mark  the  lower  part  of  the  body  volution, 
but  these  appear  to  become  obsolete  on  its  upper  part,  and  on  those  of 
the  spire,  as  specimens  are  usually  found. 

Length,  0.37  inch;  breadth,  0.21  inch  ;  angle  of  spire  about  58^. 

I  am  much  perplexed  in  regard  to  the  proper  disposition  to  make  of 
this  and  the  iirst  two  of  the  following  species.  In  some  of  their  charac- 
ters, they  would  seem  to  be  related  to  certain  types  of  the  Mitrince,  such 
as  Vulpeculo,  Blainville,  (=  Vulpecitla,  Klein ;)  while  in  others  they  appear 
to  have  affinities  to  the  CancellariidcBj  being  much  like  the  genus  Ad- 
mete. Without  being  at  all  satisfied,  however,  that  they  belong  prop- 
erly to  the  latter  genus,  I  have  concluded  to  refer  them  to  it,  provision- 
ally, for  the  present,  until  better  specimens  can  be  obtained  for  study 
and  comparison.  My  present  impression  is,  that  they  will  prove  not  to 
belong  properly  to  any  of  the  established  genera,  when  all  their  charac- 
ters can  be  clearly  made  out.  If  it  should  be  found  desirable,  however, 
to  establish  a  new  group  for  their  reception,  I  would  propose  for  it  the 
name  Admetopsis^  from  the  resemblance  of  the  shell  to  the  typical  forms 
of  the  genus  Admete, 

Locality  and  position, — Coalville,  Utah.  From  Cretaceous  beds  be- 
neath the  lower  heavy  bed  of  coal  at  that  place. 

Adhete  Y  gregaria,  Meek. 

fihdl  s»fll,  oval,  subfusiform ;  spire  moderately  prominent,  conical, 
and  apparently  terminating  in  a  pointed  apex ;  volutions  five  or  six, 
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conyex,.  sometimes  showjDg  a  slijErht  tendency  to  become  sbonldeied 
above,  last  one  forming  aboat  bait'  the  entire  length  of  the  shell,  gen- 
erally a  little  wider  above,  and  narrowed  .and  somewhat  produced 
below;  snture  well  defined,  in  couseqaence  of  the  convexity  of  the  voIq- 
tious;  aperture  narrow,  slightly  longer  than  the  spire,  acute  above,  and 
narrowing  to  a  small,  well-defined  sinus  at  the  base  of  the  truncated 
columella,  which  is  provided  with  two  small  folds,  one  of  which  is  formed 
by  the  twisted  lower  edge  of  the  truncated  columella,  while  the  other 
occupies  a  position  a  little  above,  and  passes  around  more  obliquely ; 
surface  ornamented  by  comparatively  rather  strong,  regular;  vertical 
ridges  or  folds  that  sometimes  become  nearly  or  quite  obsolete  on  the 
body  vcffution,  especially  below  its  upper  part.  Grossing  these  folds  and 
the  depressions  between  them,  much  smaller  revolving  ridges  aod  fur- 
rows may  be  seen  on  well-preserved  specimens,  though  these  are  also 
sometimes  obsolescent,  excepting  around  the  lower  part  of  the  body 
volution. 

Length  of  a  medium-sized  adult  specimen,  0.50  inch;  breadth,  0.25 
inch ;  angle  of  spire,  about  42<^. 

This  species  will  be  at  once  distinguished  from  the  last  by  its  propor- 
tionally more  prominent  spire  and  less  expanded  body  volution.  It  is  a 
much  more  abundant  shell  than  the  last,  being  found  often  in  cousider- 
able  numbers  clustered  together. 

Locality  and  position  same  as  last. 

ADMETEt  suBFUSiFORMis,  Meek. 

Shell  subfusiform,  with  the  length  nearly  three  times  the  breadth; 
spire  elongated,  conical,  turreted;  volutions  seven  or  eight,  convex; 
liist  turn  more  than  half  the  entire  length ;  suture  well  defined,  in  con- 
sequence of  the  convexity  of  the  whorls;  aperture  narrow,  equaling 
about  two-fifths  the  entire  length  of  the  shell,  angular  behind,  and  nar- 
rowing below  to  a  small,  sharply -defined  notch  at  the  base  of  the  trun- 
cated columella,  which  seems  to  bear  two  small  folds  near  its  lower  part, 
one  being  formed  by  the  twisted  and  truncated  lower  magin ;  inner  lip 
a  little  thickened;  surface  ornamented  by  distinct,  regular,  vertical 
folds  that  are  nearly  or  quite  obsolete  on  the  body  volution  below  its 
upper  part,  and  regular  revolving  lines  quite  well  defined  on  the  body 
turn,  especially  its  lower  part,  and  appear  to  be  obsolete  on  those  of  the 
spire ;  lines  of  growth  moderately  distinct. 

Length,  0.50  inch ;  breadth,  0.20  inch ;  angle  of  spire,  about  ^o. 

This  species  differs  even  more  strongly  from  the  last  than  that  form 
does  from  the  species  rhomhoides^  having  a  much  more  elevated  bpire  and 
a  proportionally  smaller  body  volution  and  aperture.  In  omameutatioo 
the  three  forms,  however,  are  much  alike.  The  species  here  under  con- 
sideration shows  a  somewhat  more  thickened  inner  lip  than  I  have  yet 
seen  in  either  of  the  others. 

!For  the  reasons  already  explained,  this  and  the  last  may  have  to  take 
the  names  Turricula  gregaria  and  T.  subfusiformusj  if  all  three  do  not,  as 
suggested  further  back,  require  to  be  grouped  together  as  a  new  section, 
under  the  names  Admeiopsis  rJiomboides^  A.  gregaria j  and  A,  subfus{fbrmis. 

Locality  and  position  same  as  last. 

TURRITELLA  COALVILLENSIS,  Meek. 

Shell  attaining  p  large  size,  elongate-conical ;  volutions  apparently 
ten  or  more,  distinctly  convex,  the  most  prominent  part  of  those  of  the 
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spire beiDg  somewhat  below  the  middle,  where  they  are  angular;  sur- 
face below  the  angle  flattened,  or  a  little  concave,  and  sloping  rather 
abruptly  inward  and  downward  to  the  suture,  while  above,  to  near  the 
i  upper  margin,  where  there  is  a  shallow  revolving  concavity  a  little  below 
the  suture,  it  is  convex;  last  volution  probably  biangular  around  the 
middle;  suture  well  defined ;  aperture  unknown.  Surface  ornamented 
by  rather  obscure  revolving  ridges,  about  five  of  which  may  be  counted 
on  each  volution  of  the  spire,  one  being  at  the  lower  margin  immediately 
above  the  suture ;  another,  which  is  also  the  largest,  occupying  the  most 
prominent  angular  part  of  the  whorl;  and  above  this  three  others 
oeeur,  one  being  above  the  revolving  concavity,  and  at  the  immediate 
upper  margin ;  lines  of  growth  obscure  and  making  a  strong  backward 
oarve  in  crossing  the  middle  of  the  volutions. 

I  have  not  seen  specimens  of  this  fine  species  sufficiently  well  pre- 
served to  be  able  to  give  accurate  measurements,  though  those  I 
bave  had  an  opportunity  to  examine  indicate  a  length  of  not  less  than 
two  inches  and  a  fraction,  and  a  breadth  of  0.93  inch.  The  angle  of  its 
spire,  as  taken  from  near  the  middle  of  a  lai'ge  specimen,  imperfect  at 
both  extremities,  measures  about  23^,  while  smaller  individuals,  com- 
posed of  five  or  six  of  the  upper  volutions,  sbow  an  angle  of  nearly  3(P. 
It  is,  therefore,  evidently  a  large,  robust  species,  that  increases  rather 
rapidly  in  size  from  the  apex. 

Specimens  of  this  species  were  brought  in  by  Dr.  Hayden  a  year  or 
two  since,  and  were  supposed  by  me  probably  to  belong  to  T.  Martine- 
zensi^,  Gabb,  to  which  it  is  evidently  related  in  size,  form,  and  general 
appearance.  Since  seeing  the  California  State  collection,  at  San  Fran- 
cisco, during  the  past  summer,  however,  and  some  additional  collections 
from  Coalville,  I  have  become  satisfied  that  the  Utah  shell  is  distinct 
from  Mr.  Gabb's  species.  In  this  opinion  Mr.  Gabb  also  concurs,  after 
seeing  our  specimens.  The  most  obvious  difference  is  that  our  sheH 
bas  the  volutions  constantly  convex  above  the  angle,  and  below  the 
FRVolving  concavity  near  the  upper  part,  while  in  the  California  species 
the  upper  slope  of  the  volutions  is  regularly  concave  from  the  upper 
margin  to  the  angle.  Better  specimens  would  doubtless  show  other 
difi'erences. 

Loealiiy  and  position. — Coalville,  Utah.  From  the  Cretaceous,  beneath 
the  lower  heavy  bed  of  coal. 

TUBBITELLA  SPIB019EMA,  Meek. 

Shell  rather  small,  or  scarcely  attaining  a  medium  size,  elongate  coni- 
cal; volutions  about  fifteen,  increasing  very  gradually  in  size,  mod- 
erately convex,  last  one  rounded  in  the  middle;  apeiture  apparently 
ovate;  columella  rather  regularly  arcuate.  Surface  ornamented  by 
squarish,  rather  regular  revolving  thread  like  lines,  with  nearly  equal 
furrows  between ;  about  five  to  seven  or  eight  of  the  lines  and  furrows 
are  seen  on  each  of  the  turns  of  the  spire,  and  nearly  twice  as  many  on 
.  the  body  whorl,  where  those  below  the  middle  become  abruptly  smaller 
aod  more  crowded  than  those  above;  lines  of  growth  obscure  and  gently 
'  arched  in  crossing  the  volution ;  suture  moderately  distinct. 

Length  of  the  largest  specimen  found,  0.82  inch ;  breadth  of  body  volu- 
tions, 0.23  inch;  spire  nearly  regular;  divergence  of  its  slopes,  about  17o. 

Tliere  is  a  slightly  polished,  appearance  of  the  surface  of  this  shell 
that  is  not  often  seen  in  the  tnie  TurriteUaj  and  gives  origin  to  some 
doubts  whether  it  may  not  belong  to  some  group  allied  to  Aclia  or  Me- 
ne^tho.   As  .in  size  and  general  appearance,  however,  it  seems  to  cor- 
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respond  more  nearly  to  Turritella^  I  have  concladed  to  refer  it  pit>» 
risioually  to  that  genus  until  better  specimens  can  be  obtained  for  stady 
and  comparison.  None  of  those  yet  seen  show  satisfactorily  the  exact 
form  of  the  aperture. 

Locality  arid  position. — Garleton's  coal-mine,  Coalville,  Utah.  Creta- 
ceous. 

TURRITELLA  (AOLISt)  MIGRONEMA,  Meek. 

Shell  small  terete  or  elongate  conical;  volutions  about  nine,  nearly 
flat,  sometimes  moderately  convex,  increasing  gradually  in  size,  last  one 
rounded  or  obscurely  subangular  in  the  middle ;  suture  linear  to  mod* 
brately  distinct;  aperture  rhombic-subovate,  angular  above.  Surface 
ornamented  by  fine,  regular,  rather  crowded  revolving  lines,  &ix  to  eight 
of  which  may  be  counted  on  each, volution  of  the  spire. 

Length  of  the  largest  specimen  seen,  0.50  inch ;  breadth,  0.18  inch; 
angle  of  spire  about  19<^,  with  slightly  convex  slopes. 

This  may  not  be  a  Turritella^  the  specimens  not  being  in  a  conditum 
to  show  the  texture  of  the  shell,  or  to  give  a  very  clear  idea  of  its  aper- 
ture and  lip.  It  would  be  a  rather  small  species  for  that  genus,  and  if  it 
possessed  the  delicacy  of  surface  seen  in  those  genera  it  might,  perhaps, 
with  more  propriety  be  referred  to  Aclis  or  Menestko.  The  fraetared 
lip  in  some  of  the  specimens  has  somewhat  the  appearance  of  a  stight 
angularity  or  a  very  small  notch  at  the  base  of  the  aperture,  bat  diis 
may  be  due  to  the  manner  in  which  it  is  broken ;  if  n<jt,  it  would  aeeot 
to  present  affinities  to  the  genus  Mesalia.  It  will  be  readily  distingai^ied 
from  the  species  I  descried  under  the  name  T.  spironema^  by  its  less 
attenuated  form  and  finer  and  less  distinct  revolving  lines.  It  is  alno 
not  nearly  so  attenuated  toward  the  upper  part  of  the  spire  as  that 
species. 

Locality  and  position. — Coalville,  Utah,  from  the  Cretaceous  below  the 
lower  heavy  bed  of  coal  mined  at  that  place. 

Fusus  (Neptune A?)  Oabbi,  Meek. 

Shell  rather  smsdl,  fusiform;  spine  moderately  prominent,  conical; 
volutions  seven  or  eight,  convex;  last  one  somewhat  ventricose  iu  the 
middle,  and  rather  suddenly  contracted  below  into  the  narrow,  slightly 
twisted,  more  or  less  bent,  and  apparently  moderately  produced  canal ; 
suture  well  defined ;  aperture  rhombic-subovate,  and  rather  suddenly 
narrowed  into  the  canal  below.  Surface  ornamented  with  equal,  dis- 
tinct, regularly  disposed  varices  or  vertical  folds,  about  eight  of  which 
may  be  counted  on  the  penultimate  volution,  and  less  on  the  body-whorl, 
wherie  some  of  them  become  obsolete ;  crossing  these  are  also  seen  fine 
revolving  lines,  and,  a  little  below  the  suture,  apparently  a  shallow 
revolving  furrow,  that  gives  it  a  slightly  banded  appearance. 

Length,  including  canal,  about  0.87  inch ;  breadth,  0.40  inch ;  slopes 
of  spire  straight,  and  diverging  at  an  angle  of  about  50^. 

The  specimens  of  this  species  contained  in  the  collection  are  quite 
imperfect,  being  mainly  casts,  retaining  more  or  less  of  the  shell.  From 
such  material  it  is,  of  course,  impossible  to  determine,  with  much  confi- 
dence, the  generic  affinities  of  shells.  I  have,  therefore,  provisionally 
referred  it  to  the  genus  Fusus^  putting  in  parentheses  the  name  J^fp- 
tunea,  with  a  mark  of  doubt,  to  indicate  that  I  suspect  it  may  belong  to 
that  group,  with  the  limits  assigned  it  by  some  conchologist-s.  It  seems, 
however,  quite  as  probably  to  belong  to  Tritonideay  as  understood  by 


GEOLOGICAIr  SURVEY   OF   THE   TERRITORIES.  505 

fioma    The  specific  name  is  given  in  honor  of  my  friend,  William  M. 
Gabb,  tbe  paleontologist. 

Locality  and  position. — Coalville,  Utah;  from  Gretaceons  beds  below 
the  lower  heavy  bed  of  coal  mined  at  that  place. 

Fusus  (Neptunea?)  Utahensis,  Meek. 

Shell  of  moderate  size,  short  fusiform ;  spire  rather  depressed,  conicaf ; 
volations  abont  fonr ;  those  of  the  spire  a  little  convex ;  last  one  large 
sod  ventricose,  rounded  or  very  slightly  flattened  around  the  middle 
and  contracted  rather  rapidly  below  into  a  narrow  canal  that  is  longer 
than  the  spire,  and  more  or  less  bent  to  the  left;  aperture  rhombic, 
angular  above  and  narrowed  and  prolonged  into  the  canal  below.  Sur- 
face, (as  determined  from  a  cast  in  sandstone,)  with  obscure  vertical 
ridges,  aboat  twelve  of  which  may  be  counted  on  the  penultimate  volu- 
tion, while  on  the  last,  or  body-whorl,  they  become  nearly  or  quite  obsQ- 
teta  (Revolving  lines  probably  also'  marked  the  surface  of  tbe  shelf, 
though  no  traces  of  anything  of  the  kind  are  seen  on  the  cast,  except- 
ing a  shallow  furrow  above  the  suture  on  the  volutions  of  the  spire.) 

Length,  including  canal,  about  1.90  inches  ]  breadth,  0.91  inch ;  angle 
of  spire,  abont  67°. 

As  in  the  last,  we  have  not  the  means  of  determining  the  generic 
ebaracters  of  this  sp^ies  with  any  degree  of  certainty,  and  merely  ])lace 
it  provisionally  in  the  genus  Fusus  with  Neptunea  in  parentheses  to  in- 
dicate that  it  may  be  found  to  belong  to  that  group.  It  is  a  rather 
decidedly  larger  shell  than  the  last,  with  a  distinctly  less  elevated  spire, 
and  more  obscure  vertical  ridge  or  varices. 

Locality  and  position. — Coalville,  Utah  ;  from  "  Chalk  Hill,"  considera- 
Wy  above  the  lower  heavy  bed  of  coal  mined  there.    Cretaceous. 

TURBONILLA  (CHEMNlTZIAt)  COALVILLENSIS,  Meek. 

Shell  elongate-conical;  volutions  ten  or  eleven,  moderately  convex; 
last  one  not  much  produced  below,  rounded  or  sometimes  obscurely  sub- 
angular  around  the  middle;  suture  well  defined;  aperture  rhombic- 
saboval,  being  angular  above  and  apparently  a  little  so  below ;  inner 
lip  slightly  thickened,  rather  deeply  arched,  a  little  reflected,  and  closely 
appressed  below ;  outer  lip  thin.  Surface  ornamented  by  rather  strong, 
simple,  regular,  nearly  or  quite  straight  vertical  ridges,  crossed  by  regu- 
larly disposed  revolving  lines,  (about  ten  or  eleven  of  the  i-id^es  and 
five  or  six  of  the  revolving  lines  being  seen  on  each  volution  of  this 
spire ;)  while  only  the  revolving  lines  are  continued  below  the  middle 
of  the  body  volution. 

Length  of  a  large  specimen,  1  inch;  breadth,  0.40  inch;  angle  of 
spire,  from  2Qo  to  25^. 

None  of  the  specimens  of  this  species  yet  seen  are  quite  perfectly  pre- 
served at  the  base  of  the  aperture.  Some  of  them  look  as  if  there  had 
been  a  slight  angnlarity  there,  while  others,  difieringin  no  other  respect, 
present  appearances  that  leave  room  for  doubt  on  this  point.  In  some 
of  its  characters  this  shell  reminds  one  of  the  fresh-water  OoniohasiSj  to 
^'hich  I  was  at  one  time  much  inclined  to  refer  it,  and  I  am  hardly 
quite  sure  jet  that  it  may  not  have  to  take  the  name  Goniobasis  Coal- 
villensis.  Many  anthers  refer  very  similar  shells  to  Chemnitzia^  bat  it  has 
i^ot  so  large  and  produced  a  body  volution  and  aperture  as  the  forms 
to  which  Mr.  Conrad  and  Dr.  Stoliczka  propose  to  apply  that  name.* 

'The  f^eDns  CAcmntliiia,  d'Orbigny ,  a«  originally  proposed^  is  generally  regarded  as  ayn- 
0DJ018  with  Turhonillay  Risso;  but  d'Orbigny  hiiDBelfi  at  a  later  dat^,  seems  to  have 
uMigned  to  use  it  for  another  group. 
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If  found  in  any  of  the  Palaeozoic  rocks,  most  geologists  wonld  refer  it 
to  Loxonema  of  Phillips.  Whether  or  not  the  nucleus  or  apex  of  its 
spire  was  covered  as  in  the  typical  species  of  Turbanilla  I  have  beeu 
unable  to  determine.  It  is  a  far  larger  shell,  however,  than  the  species 
upon  which  that  genus  was  founded. 

Specifically,  this  shell  seems  to  be  related  to  Turhonilla  SpiUmani^ 
Oonrad,  (Jour.  Acad.  K.  S.,  vol.  iv,  new  series,  PL  46,  Fig.  28,)  but  its 
vertical  folds  or  costae  are  straighter,  less  crowded,  and  less  aunierous, 
while  its  revolving  lines  are  smaller  and  more  numerous.  Its  aperture 
also  certainly  differs  in  being  decidedly  more  angular  above,  and  proba- 
bly somewhat  so  below.  It  may  likewise  be  compared  with  l^calaria 
Mathewsonii^  Gabb,  from  Cretaceous  rocks  of  California,  from  which  it 
differs  in  having  less  convex  volutions,  or  less  rounded  ai>erture,  less 
crowded  vertical  ridges,  and  more  distinct  and  coarse  revolving  lines. 

Locality  and  position. — Coalville,  Utah;  from  below  the  lowest  heavy 
bed  of  coal  at  that  locality.    Cretaceous. 

EuLDii.  FUNiouLA,  Meek. 

Shell  subterete  or  elongate-conical ;  spire  regularly  tapering  from 
the  middle  of  the  body  volution  to  the  apex,  or  with  very  slightly  convex 
slopes  'y  volutions  about  twelve,  flattened ;  last  turn  not  much  enlarged, 
subangular  around  the  middle ;  suture  merely  lin&ir ;  aperture  ovate  or 
rhombic-subovate ;  inner  lip  slightly  thickened  and  reflected.  Surface 
smooth. 

Length,  0.65  inch ;  breadth,  0.20  inch ;  divergence  of  slopes  of  apirc^ 
about  190. 

This  shell  has  much  the  appearance  of  a  slender  ^i«o,  but  it  certainly 
wants  the  umbilicus  seen  in  that  genus;  its  axis  not  being  in  the 
slightest  degree  perforated.  It  is  even  more  like  some  recent  specied  of 
Eulimella^  and  may  possibly  have  to  take  the  name  Etdimella  /unieula 
when  its  generic  characters  can  be  more  clearly  determined  from  the  ex- 
amination of  good  specimens.  The  best  examples  I  have  seen  do  not  show 
the  extreme  apex  of  the  spire,  or  very  clearly  the  form  of  the  aperture. 
So  far  as  can  be  determined,  however,  its  coluipella  does  not  seem  to 
present  the  straightness  seen  in  Euliniella,  I  know  of  no  closely  allied 
Cretaceous  species. 

Locality  and  position. — Cretaceous,  at  Coalville,  Utah. 

Eulima!  chbysallis,  Meek. 

Shell  small,  elon^tesubconoid,  or  subfusiform ;  spire  conical ;  vo- 
lutions about  eight,  flattened  nearly  to  the  slope  of  the  spire ;  suture 
nearly  linear ;  aperture  subovate ;  inner  lip  a  little  reflected  aud  mod- 
erately arched ;  outer  lip  unknown  ;  surface  smooth. 

Length  about  0.29  inch  ;  breadth,  0.12  inch. 

I  am  by  no  means  sure  this  is  a  true  Eulima^  not  having  seen  any 
specimens  showing  very  clearly  the  form  of  the  aperture,  or  the  nature 
of  the  outer  lip.  It  has  the  general  aspect  of  that  genus,  however,  and 
may  be  placed  there  provisionally  for  the  present,  until  better  8(>eci- 
mens  can  be  obtained  for  study.  It  will  be  at  once  distinguished 
from  the  last,  by  its  less  produced  spire,  less  numerous  volutions,  aud 
proportionally  larger  body-whorl. 

Locality  and  jpo«ttion.--X3arleton's  coal-mine,  near  Coalville,  Utah. 
Cretaceous. 
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EuLiMA  9  iNCONSPiouA^  Meek. 

Shell  Bmall,  conoid-snbovate;  spire  conical;  volations,  ei^ht  or  nine, 
ft  little  convex  and  compactly  coiled ;  sature  distinct }  aperture  appar- 
ently 8abovat<e ;  surface  smooth. 

Length,  0.17  inch ;  breadth,  0.07  inch ;  spire  with  straight  slope  that 
diverges  at  an  an  angle  of  about  22^. 

This  is  another  form  that  I  only  refer  with  great  doubt  to  Eulima,  the 
specimen  not  being  in  a  condition  to  sho.w  the  exact  form  and  nature  of 
the  aperture.  It  will  be  ready  distinguished  from  the  last  by  its  more 
convex  volutions,  proportionally  sh(H*ter  spire,  and  more  expanded  body- 
whorl.    It  is  probably  not  a  Uulima. 

Locality  andpotitUm. — Same  as  last. 

Melahptjs  antiqutjs,  Meek. 

« 

Shell  subovate,  thin ;  spire  moderat^y prominent,  conical,  an<^abruptly 
pointed ;  volutions,  about  eight }  those  of  the  spire  very  short  and  nearly 
flat;  last  one  large;  widest  above  and  tapering  below;  suture  shallow, 
with  a  slightly  impressed  line  a  little  below  it,  around  the  upper  margin 
of  each  volution ;  aperture  narrow;  columella  and  inner  lip  provided 
with  four  very  prominent  laminae  or  folds,  with  sometimes  one  or  two 
smaller  ones  above  these,  near  the  top  of  the  aperture;  outer  lip  thin 
and  strengthened  by  a  few  tranverse  ridges  within.  Surface  showing 
ODly  five  obscure  lines  of  growth  and  presenting  a  somewhat  polished 
appearance. 

Height  of  a  small  specimen,  0.43  inch ;  breadth,  about  0.27  inch. 

1  have  only  seen  very  imperfect  specimens  of  this  shell,  but,  taken 
together,  they  give  a  correct  idea  of  nearly  all  of  its  characters.  Some 
of  them  are  three  or  four  times  the  linear  dimensions  of  that  from  which 
the  above  measurements  were  taken. 

Among  the  specimens  from  the  same  locality  and  bed,  there  are  some 
very  large  broken  examples,  too  imperfect  for  detailed  description,  that 
seem  to  belong  to  a  more  elongated  species,  with  a  more  produced  spire 
than  that  described  above.  This  form,  however,  as  far  as  its  characters 
cau  he  made  out,  appears  to  agree  with  the  foregoing  in  nearly  all  other 
respects.    If  distinct,  it  might  be  called  Af.  elongatus. 

Locality  and  position. — Carleton's  coal-mine,  near  Coalville,  Utah.  Cre- 
taceoua 

Valvatanana,  Meek. 

Bhell  small,  depressed  subglobose,  or  subdiscoidal;  spire  depressed; 
volutions  three  and  a  half,  rounded;  suture  deep;  umbilicus  compara- 
tively small;  aperture  rounded  suboval;  surface  nearly  smooth  or  only 
showing  fine  obscure  lines  of  growth  under  a  magnifier. 

Breadth  of  largest  specimen,  0.12  inch;  height  about  0.08  inch. 

Compared  with  V,  subumbilicata^  M.  and  H.,  from  the  Tertiary  lignites 
ot  the  Upper  Missouri  country,  this  little  shell  will  be  readily  dis- 
tinguished, by  its  smaller  umbilicus,  more  prominent  spire,  and' more 
oval  aperture.  It  also  has  a  smaller  umbilicus  and  a  less  rounded 
aperture  than  the  recent  F.  sincera.  Its  spire  is  more  depresseil,  its 
^Tture  more  oval,  and  umbilicus  rather  smaller  than  the  living  species 
^.  triearinata^  var.  simplex^  Say. 

Locality  and  position. — Carleton's  coal-mine,  Coalville,  tJtah.    Creta^ 

ceouB. 
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.    Physa  Garlexoni,  Meek. 

Shell  rhombic-sabovate^  attaining  a  medium  size ;  very  thin ;  epire 
short  and  small ;  volutions  about  three,  lost  one  very  large,  or  forming 
near  nine-tenths  the  entire  bulk  of  the  shell;  aperture  unknown ;  sof- 
face  showing  rather  obscure  lines  of  growth. 
♦    Length,  0.56  inch;  breadth,  0.35  inch. 

The  only  specioten  of  this  species  I  have  seen  is  somewhat  imperfect,  j 
and  so  connected  with  a  portion  of  the  arenaceous  matrix  that  its 
aperture  and  columella  cannot  be  seen.  It  seems  to  have  most  nearlj 
resembled  such  recent  species  as  P.  Lordly  Baird,  \i\  general  form.  I 
should  not  have  attempted  to  name  and  characterize' the  species  without 
seeing  the  columella  and  aperture,  had  it  not  seemed  desirable  to  call 
attention  to  it  as  the  first  species  of  the  genus  hitherto  found  in  tljbe . 
well-marked  Cretaceous  strata  of  this  country. 

The  specific  name  is  given  in  honor  of  Mr.  Benjamin  Carleton,  tbe 
gentleman  who  owns  the  coal-mine  at  which  the  specimen  was  found, 
and  assisted  us  in  collecting  the  lossils  found  at  the  same. 

Locality  and  powtion, — Carleton's  coal-mine,  near  Coalville,  Utah,  in  a 
Cretaceous  bed,  associated  with  Unio^  Cardiuniy  Inoceramus^  AnomiOj 
Neritifiaj  and  other  marine  and  fresh-water  shells. 

Species  from  the  Bitter  Creek  series. 
Osteea  Wyomingeksis,  Meek. 

Ostrea  IdriamuU  f  t  Meek,  1872.    Hayden's  geological  Report,  Montana,  &.C.,  p.  37a^ 

(not  O.  IdriaenBiSf  Gabb.) 

Ostrea  WyoniingensiSf  Meek,  1^2;  ib. 

Shell  attaining  a  moderately  large  size,  rather  compressed,  subovate, 
or  trigonal-subovate,  being  pointed  at  the  beaks,  and  more  or  less 
rounded  at  the  opposite  extremity.  Lower  valve  usually  rather  shallow; 
beak  generally  somewhat  acutely  pointed,  undistorted,  and  nearly  al- 
'  ways  curved  upward  at  the  extremity ;  ligament  area  comparatively 
small,  trigonal,  with  the  longitudinal  furrow  and  transverse  strisB  welt 
defined ;  posterior  lateral  margins  flattened,  and  rather  broad,  in  conse- 
quence of  the  lateral  expansion  of  the  imbricating  laminsB  of  growth; 
muscular  scar  comparatively  small ;  surface  with  only  irregular  imbri- 
cating but  not  strongly  projecting  laminae  of  growth.  Upper  valve 
smaller  than  the  other,  nearly  flat  on  the  upper  side  and  slightly  con- 
cave within ;  beak  less  pointed  than  in  the  other  valve,  being  usually  a 
little  truncated  at  the  extremity,  which  is  straight  or  nearly  so ;  liga- 
ment area  of  the  same  size  and  nearly  the  same  form  as  in  the  other 
valve,  excepting  that  it  is  not  curved,  but  directed  obliquely  upward 
and  backward,  and  has  its  anterior  margin  forming  a  transverse  ridge, 
as  usual  most  prominent  in  the  middle  at  the  end  of  the  mesial  longi- 
tudinal ridge,  which  is  rounded,' or  somewhat  flattened,  and  continued 
to  the  point  of  the  beak ;  [)osterior  lateral  margins  thickened  in  adult 
shells,  and  only  rarely  showing  slight  traces  of  crenulations;  surface  as 
in  the  other  valve. 

Length  of  large  examples  from  beak  to  anterior  extremity,  6  incbes; 
breadth,  4  inches.  Average-sized  specimens  are  generally  a  little  nar- 
rower in  proportion  to  length. 

In  Br.  Hayden's  report  of  1872,  1  referred  this  oyster  with  niucli 
doubt  to  0.  Idriaensis,  Oabb ;  but  at  the  same  time  expressed  the  opin- 
ion that  it  would  probably  prove  to  be  a  distinct  and  undescribed  species. 
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and  suggesting  for  it  the  name  0.  WyomingensiSj  in  ease  farther  com- 
parisons should  confirm  this  suggestion.  Since  that  time  I  have  had 
aa  opportunity  to  see  many  other  examples  of  it  at  the  locality,  as  well 
is  to  examine  specimens  of  the  Californian  shell  in  the  collection  at  Sau 
Francisco,  and  no  longer  have  any  hesitation  in  regard  to  the  form  here 
under  consideration  being  specifically  distinct.  Its  lower  valve  has  con 
stantly  a  much  more  pointed,  produced,  and  upward-curved  beak; 
irhile  none  of  the  larg^  number  of  specimens  have  the  hinge  and  beak 
distorted  laterally,  as  is  not  uncommonly  the  case  in  that  species.  It 
lias  more  nearly  the  characters  of  the  comthon  recent  0.  Virginiana^  and 
0.  horealiSj  but  also  differs  from  these  in  having  the  beak  of  its  lower 
valve  constantly  more'pointed  and  produced,  as  well  as  curved  upward 
instead  of  being  merely  straight,  or  irregularly  distorted.  Another 
marked  and  constant  difference  is,  that  it  always  ha«  its  muscular  scars 
decidedly  smaller,  in  individuals  of  corresponding  sizes,  than  we  see  in 
the  recent  shells;  while  it  never  shows  any  traces  of  the  longitadinal 
ridges  or  plications  often  met  with  in  the  latter. 

Locality  and  position. — Point  of  Rocks,  Wyoming  Territory,  where  it 
Ib  very  abundant  in  a  thin  bed  just  above  the  upper  of  the  four  beds  of 
coal  observed  near  the  tops  of  the  hills  there.    Bitter  Creek  series. 

Anomia  (Placunopis  ?)  GBYPHORHYNOHUS,  Meek. 

Amrnia  grypKorkfnehtu,  Meek,  1871.    Hayden's  Annual  Report,  p.  375. 

Compare  0$trea  imomictformiSf  Roemer,  1852.  Ereid  Von  Texas,'  p.  75,  tab.  ix,  fig.  7  a.-«. 

Since  describing  this  little  shell  in  the  report  cited  above,  I  have  had 
an  opportunity  to  examine  a  very  large  number  of  specimens  at  the  lo- 
cality, and  after  returning  home ;  and  from  these  collections  a  fullei 
Mid  more  accurate  description  is  given  below. 

Shell  (for  an  Anomia)  of  medium  size,  thin  and  pearlaceons,  a  little 
obliquely  subovate,  or  more  or  less  orbicular  in  outline,  usually. some- 
what narrowed  toward  the  beak,' and  more  broadly  rounded  at  the  op- 
posite margin,  often  rather  convex,  but  variable  in  this  respect ;  cardi- 
Bsd  margin  arcuate  transversely,  or  very  slightly  truncated,  scarcely 
thicker  than  other  parts  of  the  shell,  and  without  any  proper  marginal 
eartilagefacet  Upper  valve,  (assuming  the  shell  to  be  an  Anoinia,)  in 
the  more  ventricose  individuals,  with  the  umbo  somewhat  attenuated 
and  curved  so  as  to  present  the  appearance  of  the  under  valve  of  a 
OryphcBa^  excepting  that  the  obtuse  immediate  apex  is  not  quite  mar- 
ginal. Surface  usually  appearing  smooth,  but  in  well-preserved  8})eci- 
niens  (especially  those  most  depressed  in  form)  sometimes  very  faint 
traces  of  fine  radiating  stride,  and  thin  raised  lamellsB  of  growth,  may 
be  seen.    Ko  scars  of  attachment  observed  on  any  of  tJie  specimens. 

Length  and  breadth  of  an  orbicular  specimen,  0.83  inch }  convexity  of 
tame,  0.33  inch ;  breadth  of  an  oval  specimen  of  the  same  length,  0.G3 
inch ;  while  there  are  all  gradations  between  these  extremes  of  form. 

In  first  describing  this  species,  I  was  unable  to  see  any  traces  of  mus- 
cular scars,  in  any  of  the  specimens  then  studied,  but  many  of  those 
Biuce  collected  show  them  very  clearly.  They  are  precisely  as  in  Anomia  ; 
that  is,  there  are  four  impressions,  one  small  one  by  the  side  of  a  .little 
submarginal  cartilage  pit,  close  up  under  the  beak,  and  three  others 
near  the  middle  of  the  valve,  the  largest  one  of  the  latter  being  nearest 

Uie  cardinal  margin,  and  the  two  smaller  ones  just  below  the  large  one. 

These  three  central  scars  are  more  or  less  nearly  circular  or  oval,  and 
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usaally  distinct  from  each  otber^  bat  sometimes  in  contact  or  a  litHe 
blended  together. 

As  the  specimens  from  which  the  foregoing  description  was  drawn  ap 
agree  so  exactly  with  the  npper  valve  of  Anomia,  both  in  all  internal 
and  external  characters,  it  may  be  asked,  why  should  there  be  any 
doubt  in  regard  to  the  shell  really  belonging  to  that  genns  Y  The  rea- 
son for  doubt  on  this  point  is,  that  among  thousands  of  perfect  separate 
valves,  not  a  single  one  with  the  usual  perforation  for  the  passage  of 
abyssal  plug,  such  as  we  always  observe  in  the  under  valve  of  AnamU^ 
is  to  be  seen.  While  at  the  locality,  diligent  search  was  made,  among 
vast  numbers  of  well-preserved  separate  valves,  for  some  traces  of  such 
a  perforated  valve,^  without  success.  It  is  true  we  found  a  few  much 
depressed  valves,  some  indeed  quite  flat,  but  all  alike  entirely  without 
any  perforation,  or  even  emargination.  These  few  flat  valves  found 
usually  have  the  cardinal  margin  a  little  more  truncated  than  theotbefs, 
but  agree  well  with  them  in  size,  general  outline,  texture,  surface-mark- 
ings, and  their  muscular  impressions,  as  well  as  in  never  having  their 
more  depressed  beak  quite  marginal.  No  two  specimens,  however, 
were  found  united  in  such  a  manner  as  to  show  that  the  flat  and  convex 
valves  belong  to  the  same  individuals.  Yet  it  is  worthy  of  note  that  if 
these  flat  and  slightly  convex  valves  are  not  the  opposite  valves  of  the 
ventricose  deeper  ones,  we  must  view  all  of  the  countless  thousands  of 
individuals,  almost  entirely  composing  a  bed  18  inches  to  2  feet  in  thick- 
ness, as  upper  valves  only,  (assuming  the  fossil  to  be  an  Anomia^)  and 
believe  that,  by  some  unaccountable  agency,  these  were  deposited  here 
together,  without  the  admixture  of  any  of  the  opposite  valves.  At  one 
time  I  was  inclined  to  think  this  shell  might  belong  to  Morris  and  Ly- 
cett's  ^enus  PlacunopsiSj  which,  it  will  be  remembered,  agrees  with 
Anotmay  excepting  in  having  noBinus  or  perforation  in  the  lower  valve; 
and  it  is  possible  that  this  may  be  the  case.  There  are,  however,  some 
objections  to  this  view.  In  the  flrst  place,  Placunopsis  has  not,  I  be- 
lieve, been  found  above  the  Oolite,  while  the  bed  in  which  the  fossil 
under  consideration  occurs,  if  even  Cretaceous,  must  belong  to  the  upper 
part  of  that  system.  Again,  the  flat  or  depressed  specimens,  that  this 
view  would  require  to  correspond  to  the  under  valve  of  PlacunopMy  are 
found,  on  critical  examination,  to  have  tlieir  slight  obliquity  in  the  same 
direction  as  that  of  the  deeper  valves,  instead  of  the  reverse,  as  would 
be  the  case  if  the  two  forms  are  the  opposite  valves  of  the  same  shell.* 

From  these  facts,  and  the  exact  agreement  in  the  number  and  ar- 
rangement of  the  muscular  impressions  in  all  of  these  specimens,  it 
seems  more  probable  that  they  are  all  the  same  valve  of  t^e  shell,  va- 
rying in  their  convexity  in  different  individuals.  This,  it  is  true,  would 
leave  unexplained  the  cause  of  the  entire  absence  of  any  of  the  O])po- 
site  or  lower  valves,  whether  it  be  an  Anamia  or  a  Plaounopsif.  Still, 
it  is  well  known  that  currents  sometimes  perform  curious  freaks,  in  the 
way  of  assorting  from  other  material  and  depositing  objects  of  like 
kiuils  together. 

In  most  respects,  this  shell  agrees  so  nearly  with  Ottrea  anomtcefwrmiM^ 
of  Boeiner,  (Kreid.  Yon  Texas,  p.  75,  pi.  ix,  flg.  7  «r-e,)  from  the  Upper 
Cretaceous  of  Texas,  that  I  have  even  suspected  that  it  might  be  the 
same.  His  figures,  however,  represent  a  rather  more  attenuated  beak 
of  the  convex  valves,  and  less  obliquity,  both  in  the  convex  and  flat 
valves.    A  much  more  important  difference,  supposing  his  figures  to  be 

^  I  mean  that  the  obliqnity  is  in  the  same  direetion,  yiewing  the  two  Ibrma  Ml  im 
tke  8ame  wajf  either  lookiug  at  the  interior  or  exterior. 
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exact  in  all  respects,  is  to  be  observed  in  the  mascalar  impressions, 
there  being  only  one  central  impression  represented  in  his  Fig.  7  e, 
iostead  of  three ;  though  above  this,  he  shows  the  same  kind  of  a  little 
transverse  cartilage  I  pit,  and  small  round  impression  by  its  side,  seen 
in  oar  shell ;  only  both  are  placed  farther  in  from  the  margin*  Still,  as 
the  larger  central  scar  of  his  figure  shows  some  slight  indications  of 
division,  and  the  three  central  scars  in  onr  shell  are  sometimes  in  con- 
tact, I  should  not  be  surprised  if  a  critical  comparison  would  show  that 
there  are  no  real  differences  between  the  muscular  impressions  of  the 
Texas  shell  and  that  under  consideration.  That  our  shell  is  not  an 
oyster,  however,  is  clearly  evident,  from  its  muscular  impressions,  as 
well  as  from  its  want  of  a  marginal  cartilage-facet,  and  never  having  its 
beaks  quite  marginal.  From  the  same  submarginal  character  of  the 
beaks  in  the  form  figured  by  Eoemer,  and  its  want  of  a  true  marginal 
eartilage-facet,  as  well  as  from  its  general  physiognomy,  I  do  not  hesi- 
tate to  express  the  opinion  that  it  is  not  a  true  oyster.  While  looking 
through  the  California  State  geological  collection,  at  San  Francisco, 
last  summer,  I  saw  specimens  of  a  shell  either  identical  with  that  here 
described,  or  very  closely  allied  to  it,  marked  ^<  San  Diego,  Cretaceous, 
Mr.  Morse,  collector." 

Locality  and  position, — ^Two  miles  below  Point  of  Bocks,  Wyoming. 
Bitter  Creek  series. 

COBBIGULA  (VELOBITINA)  CYTHERIFOBMIS,  M.  and  H.! 
Cfmta  (Corbicalaf)  qflher\formiSf  M.  and  H.,  1860.   Proceed.  Acad.»  May,  p.  176. 

The  shell  I  here  refer  with  doubt  to  the  above  species  is  certainly  a 
very  closely  allied  form,  if  not  the  same.  About  the  only  external 
difference  I  have  been  able  to  see,  on  comparison  with  the  types  of  the 
C.  eytheriformiSj  is  that  specimens  here  under  consideration  usually  have 
the  beaks  rather  more  elevated,  a  little  more  pointed,  and  slightly  less 
oblique.  Their  posterior  dorsal  slope  is  also  a  little  straighter  in  most 
specimens.  On  examiniuga  considerable  numberof individuals, however, 
they  are  found  to  vary  more  or  less  in  most  of  these  characters,  so  that 
if  there  are  no  differences  in  the  hinge  and  interior,  the  slight  external 
differences  may  be  only  such  as  might  be  produced  by  local  conditions. 

Of  the  form  under  consideration,  we  have  specimens  showing  perfectly 
the  hinge,  and  muscular  and  palllal  impressions,  as  well  as  all  of  the 
external  characters.  These  show  that  the  cardinal  teeth  have  the  back- 
ward obliquity  of  the  type  of  the  group  Veloritina,  and  that  the  laterals 
are  elongated  nearly  as  in  Corbicula^  though  not  quite  so  long,  nor  so 
distinctly  striated;  and  that  the  posterior  lateral  is  separated,  by  nearly 
its  own  length,  from  the  posterior  cardinal.  The  hinge  characters  are, 
therefore,  almost  exactly  intermediate  between  Corbicula  and  Veloritina, 
the  chief  difference  from  the  latter  group  being  the  slender  elongated 
chamcter  of  the  anterior  lateral  tooth,  as  in  Corbicula,  Unfortunately 
ve  have  no  specimens  of  the  t3'pical  C.  cyiheriformis  showing  the  hinge 
clearly  enough  for  minute  comparisons.  I  suspect,  however,  that  specific 
differences  will  be  found  between  the  hinge  of  that  form  and  the  speci- 
mens under  consideration.  Both  have  the  pallial  impression  provided 
with  a  shallow  rounded  sinus. 

Locality  and  position. — Point  of  Bocks,  on  Bitter  Creek,  Wyoming, 
near  the  bottom  of  section  seen  there ;  as  well  as  at  a  much  higher  hori- 
zon, at  Black  Butte  Station,  on  the  Union  Pacific  Bailroad,  Wyoming. 
Bitter  Creek  series. 
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CorbigulaY  fracta,  var.  crassiuscula,  Meek. 

Corhicula  t  fracUi,  Meek,  1870.    Haydea's  Annual  Report  for  that  year,  page<}14. 

This  shell  agrees  so  very  closely  in  form  and  size,  as  well  as  in  its 
binge  and  pallial  and  muscular  impressions,  surface,  characters,  &e., 
"ivith  the  species  I  have  described  in  the  report  above  cited,  from  the 
shale  over  one  of  the  Hallville  beds,  under  the  name  Corbiculafracta^ 
that  it  hardly  seems  proper  to  separate  it  specifically.  Yet,  in  the  thick- 
ness of  the  substance  of  these  shells  from  the  two  localities  and  horizons, 
there  is  a  very  marked  difference;  those  from  Hallville  being  extremely 
thin,  even  in  the  largest  specimens,  the  thickness  not  measuring  more 
than  from  0.02  to  0.03  inch,  while  in  examples  of  corresponding  size  of 
those  here  under  consideration,  it  measures  from  O.IO  to  0.12  inch  in 
thickness.  The  latter  also  seem  to  be  more  convex,  but  the  Hallville 
specimens  being  generally  more  or  less  flattened  between  the  laminse 
of  the  shale,  it  is  difficult  to  know  exactly  how  far  this  want  of  convexity 
may  be  due  to  accidental  pressure. 

I  am  aware  that  shells  found  in  argillaceous  shales  are  usually  thinner 
than  examples  of  the  same  si^ecies  from  more  calcareous  deposits;  but  I 
have  never  seen  a  difference  of  this  kind  so  strongly  marked  in  specimens 
certainly  known  to  belong  to  the  same  species.  This  thicker  shell  is, 
therefore,  placed  here  provisionally  as  a  variety  of  C/racta^  under  the 
name  crassiuscula^  which  it  can  retain  if  further  comparisons  should  show 
it  to  be  specifically  distinct. 

In  describing  the  species  O./rocto,  I  noticed  several  points  of  differ- 
encJB  between  it  and  the  characteristic  forms  of  Corbicula  and  Cyrenoy 
and  suggested  for  the  group  of  which  it  may  be  regarded  as  the  type 
the  subgeneric  name  Lej^testhes.  The  peculiarities  mentioned  were  the 
extreme  thinness  of  the  shell,  and  its  very  elongated  depressed  forn. 
The  specimens  here  under  consideration  show  that  the  thinness  of  the 
shell  is  not  a  constant  character,  though  they  at  the  same  time  show  that 
this  type  presents  other  more  important  differences,  of  which  I  had  seen 
indications  before,  but  which  I  did  not  mention  especially,  because  the 
specimens  then  seen  were  not  sufficiently  well  preserved  to  permit  these 
characters  to  be  clearly  defined.  They  are  differences  in  the  hinge. 
For  instance,  although  the  primary  teeth  do  not  differ  materially  from 
those  of  Corbicula  and  Cyrena^  .the  anterior  lateral  tooth  differs  from 
that  of  Cyrena  in  being  linear  and  elongated  parallel  to  th«^  hinge-mar- 
gin,  as  well  as  slightly  striated,  thus  agreeing  with  the  corresponding 
tooth  of  Corbicula.  Its  posterior  lateral  tooth,  however,  on  the  other 
hand,  is  more  nearly  as  in  Cyrena^  being  shorter  than  in  Corbicula^  and 
placed  very  remote  from  the  cardinal  teeth,  while  the  intervening  cardi- 
nal margins  are  wide,  fiat,  and,  when  the  valves  are  united,  close  fitting. 
Yet  this  tooth  is  also  striated  as  in  Corbicula^  though  less  distinctly. 
Again,  the  ligament  is  also  decidedly  longer  than  in  Corbicula^  or  than  is 
usual  in  Cyrena^  and  also  less  prominent,  there  being  apparently  no 
elevated  fulcrum  for  its  attachment.  The  pallial  line  shows  a  fallow 
subsemicircular  sinus. 

It  will  thus  be  seen  that  these  shells  combine  some  of  the  characters 
of  both  Cyrena  and  Coi'bicula^  without  agreeing  exactly  with  either.  It 
is  well  known  to  paleontologists,  however^  who  have  studied  fossil- 
shells  of  these  groups,  that  there  are  many  species  that  show  interme- 
diate characters  between  these  genera,  so  that  some  eminent  authorities 
do  not  admit  the  genus  Corbicula^  but  place  the  whole  under  Cyrena, 
Should  this  view  prevail,  the  forms  here  under  consideration  might  be  so 
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disposed  ofl  Still,  even  in  that  case,  it  would  seem  desirable  and  con- 
venient to  separate  them  sabgenerically,  by  writing  the  name  Cyrena 
(Leptesihes)  fracta.  If  the  two  groups  Oyfrena,  and  Corbioula^  however, 
are  to  be  regarded  as  distinct  genera,  there  would  be  nearly  or  quite 
as  good  reasons  for  so  regarding  Leptesthes  as  a  genus. 

Locality  and  position. — Black  Butte  Station,  Wyoming,  upper  beds. 
Bitter  Greek  series. 

CoBBiOTTLA  ( Veloeitina)  Bannistebi,  Meek. 

Shell  of  about  medium  size,  subglobose,  the  valves  being  very  con- 
vex and  subcircular  in  outliDc;  ventral  margin  forming  a  regular  semi- 
eircnlar  curve ;  anterior  and  posterior  margins  nearly  equally,  and  more 
narrowly,  rounded ;  dorsal  outline  declining  distinctly  from  the  beaks, 
the  anterior  sloi>e  being  more  abrupt  and  concave  in  outline,  and 
the  posterior  very  convex,  with  the  posterior  dorsal  margins  of  the  valves 
inflected  so  as  to  form  a  deep,  rather  broad  sulcus  when  the  valves  are 
united ;  beaks  prominent,  ventricose,  incurved,  contiguous,  and  placed 
ahont  one- third  the  length  of  the  shell  from  the  anterior  margin ;  luuu- 
lar  region  impressed ;  surface  ornamented  with  fine  lines  and  small  but 
rather  distinct,  somewhat  regularly  arranged,  concentric  ridges  and  far- 
rows.   (Hinges  and  Interior  unknown.) 

Length,  0.87  inch ;  height,  0.83  inch ;  convexity,  0.66  inch. 

This  is  a  very  neat,  symmetrical  shell,  readily  distinguished  from  the 
other  species  yet  known  from  the  rocks  of  this  region,  by  its  short,  very 
convex  form,  and  rather  distinct,  regular,  concentric  ridges  and  farrows. 
In  one  character  it  agrees  with  C  Durkeeiy  from  the  brackish- water  beds  at 
Bear  Biver  City,  more  nearly  than  any  other  species  I  have  yet  seen. 
That  is,  in  having  the  posterior  dorsal  region  of  its  valves  strongly 
inflected,  so  as  to  form  a  deep,  broad  sulcus  or  escutcheon  along  this 
slope  when  the  valves  are  united.  Its  rounded,  ventricose  form  and 
stronger  concentric  markings,  however,  readily  separate  it  from  that 
shell,  from  which  it  also  differs  in  being  much  smaller,  while  its  gibbous 
form  shows  it  to  be  an  adult  shell.  It  is  also  related  to  0.  occidentalism 
M.  &  H.,  from  the  estuary  beds  near  the  mouth  of  Judith  Eiver,  but  it  is 
more  rounded  in  outline,  more  gibbous,  and  differs  in  the  inflected  char- 
acter of  its  posterior  dorsal  region,  it«  stronger  surface-markings,  and 
more  impressed  lunule.  I  have  not  yet  seen  its  hinge  or  interior,  but 
from  its  general  external  characters,  I  have  little  doubt  that  it  belongs 
to  the  section  Veloritina, 

The  specific  name  is  given  in  honor  of  Dr.  Henry  M.  Bannister,  who 
discovered  the  only  specimen  of  the  species  I  have  seen. 

Locality  and  position. — Bitter  Greek  series.  Black  Butte  Station. 
Wyoming  at  the  same  horizon  as  the  large  saurian  found  there. 

GoBBULA  UNDIFEBA,  Meek. 

Bhell  of  moderate  size,  trigonal-subovate,  rather  convex,  the  inequal 
ity  of  the  valves  not  being  very  strongly  marked,  though  always  obvi 
ous;  beaks  moderately  prominent,  (that  of  the  right  valve  being  only  a 
little  more  elevated  than  the  other,)  located  in  advance  of  the  middle^ 
contiguous,  and  inc&rved,  with  a  scarcely  perceptible  forward  inclination  -, 
posterior  extremity  subangular  at  the  connection  of  its  margin  with  the 
base^  posterior  dorsal  slope  more  or  less  convex  in  outline;  anterior 
mar^n  rather 'short  and  rounded;  base  semi-ovate  in  outline,  being 
most  prominent  anteriorly,  and  somewhat  straightened  behind;  left 
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valve  about  one-foartli  less  convex  than  the  other,  with  posterior  ninbo- 
nal  slope  distinctly  angular  from  the  beak  to  the  posterior  basal  extrem- 
ity;  right  valve  with  posterior  umbonal  slope  less  strongly  angalated; 
surface  of  both  valves  ornamented  with  concentric  ridges,  geuerally  small 
and  regular  on  the  umbonal  regiou,  but  often  swelling  out  into  a  few  very 
prominent,  angular  folds  with  rounded  depressions,  marked  by  distinct 
lines  of  growth,  and  some  small  ridges  between,  on  the  lower  half  of  the 
valves ;  all  the  ridges  and  folds  generally  becoming  obsolete  behind  the 
angular,  posterior,  umbonal  slopes,  but  continued  forward  to  the  front. 

Length  of  a  well-developed  specimen,  0.76  inch;  height  to  top  ol 
umbo  of  left  valve,  0.56 ;  height  to  top  of  same  of  right  valve,  0.58  inch; 
convexity  of  the  two  valves  united,  0,41  inch. 

The  most  marked  feature  of  this  species  is  its  very  strongly  elevated, 
sharp,  irregular,  concentric  ridges  that  rise  into  larger  angular  fold^ 
below  the  middle  of  the  valves,  thus  giving  an  equally  rugose  appear- 
ance to  both  valves.  0.  perundataj  of  M.  and  H.,  has  nearly  as  strong 
concentric  ridges,  but  they  are  much  more  regular,  and  instead  of  being 
sharply  angular,  with  rounded,  broader  spaces  between,  as  in  the  species 
here  described,  they  are  broadly  rounded,  with  narrow,  angular  furrows 
between,  on  that  shell,  which  also  wants  the  angular,  posterior,  umbonal 
slopes  of  this  species. 

Locality  and  position. — ^Eock  Spring  Station,  Central  Pacific  Railroad. 
Wyoming  Territory.    Upper  part  of  Bitter  Creek  series. 

COBBULA  TBOPIDOPHORA,  Meek. 

Shell  distinctly  trigonal,  with  height  a  little  more  than  three-fourths 
the  length,  moderately  convex ;  valves  subequal,  the  right  one  being  only 
a  little  more  convex  than  the  other,  and  having  its  beak  not  much  more 
prominent;  both  with  posterior  umbonal  slopes  angular  from  the  beaks 
to  the  posterior  basal  extremity,  that  of  the  left  valve  especially  being 
very  distinctly  so,  while  the  sides  of  the  valves,  (particularly  that  of  the 
left  valve,)  in  front  of  the  angular  umbonal  slope,  are  flattened ;  anterioi 
outline  truncated  with  slight  obliquity  from  the  beaks  to  the  anterioi 
basal  extremity,  which  is  subaugular  or  very  abruptly  rounded  into  the 
base;  posterior  dorsal  margins  abruptly  inflected  toward  each  other 
from  the  umbonal  ridge,  and  tbrming  a  nearly  straight  slope  from  tbe 
beaks  to  the  posterior  basal  extremity,  which  is  distinctly  angular; 
pallial  margin  gently  convex  in  outline  from  the  front  to  the  posterior 
angle ;  beaks  moderately  prominent,  oblique,  incurved,  contiguous,  and 
located  about  half  way  between  the  middle  and  the  anterior  margin. 
Surface  ornamented  by  fine  lines  of  growth,  and  more  or  less  defined 
ridges  and  furrows  that  are  usually  most  distinct  on  the  lower  half  of 
the  right  valve.  Cartilage  process  of  the  left  valve  spoon-shaped,  rs^ther 
prominent,  and  larger  than  the  pit  by  its  side  for  the  reception  of  the 
tooth  of  the  other  valve.    (Hinge  of  right  valve  unknown.) 

Length  of  a  medium-sized  specimen,  0.72  inch ;  height  to  top  of  beak 
of  right  valve,  0.62  inch ;  height  to  top  of  same  in  left  valve,  0.49  inch ; 
convexity  of  the  two  valves  united,  0.33  inch. 

This  siiell  is  very  closely  allied  to  C.  stibtrigonaliSj  M.  and  H.,  with 
which  I  have  even  been  inclined  to  think  it  might  be  identical.  The 
typical  specimen  of  that  species  is  a  left  valve  only,  so  that  we  have  not 
the  means  of  making  a  very  thorough  comparison.  Compared  witb 
this  left  valve,  however,  the  corresponding  valve  of  the  form  under  con- 
sideration, although  agreeing  closely  in  general  outline,  is  seen  to  be  | 
decidedly  more  compressed,  has  its  umbo  less  gibbous,  and  not  so 
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strongly  incurved,  while  its  posterior  nmbonal  ridge  is  7mich  more 
angnlar.  Its  cartilage-process  is  also  larger  and  more  pi'omiuent,  and 
the  pit  by  its  side  for  the  reception  of  the  tooth  of  the  other  valve  is 
proportionally  smaller.  As  the  specimen  of  0.  subtngonalis  is  evidently 
water- worn,  however,  the  more  rounded  character  of  its  posterior  nm- 
bonal ridge  may  be  in  part,  at  least,  due  to  that  cause,  though  the 
other  difference  mentioned  conld  hardly  have  been  so  produced. 

Along  with  the  typical  specimens  of  the  species  here  described  there 
are  separate  right  valves,  apparently  of  this  species,  a  little  larger  than 
the  corresponding  valve  of  the  perfect  specimen  from  which  the  descrip- 
tion was  drawn  up.  This  valve  shows  a  distinct  furrow  along  the  inner 
side  of  the  lower  margin  for  the  reception  of  the  edge  of  the  other  valve, 
which  furrow  doubtless  also  exists  in  the  typical  specimen,  but  cannot 
be  seen  because  the  two  valves  are  united.  There  is  also  another  right 
valve,  from  the  same  locality  and  bed,  that  is  proportionally  much 
higher  and  shorter,  and  has  its  beaks  almost  exactly  central,  so  as  to 
present  more  nearly  the  outline  of  an  equilateral  triangle.  This  may 
belong  to  a  distinct  but  allied  species;  if  not,  it  would  indicate  a  con- 
siderable variation  in  the  outline  of  the  species  described. 

Locality  and  position. — Pdint  of  Kocks,  Wyoming.  Bitter  Creek  series. 

GoNiOBASis  !  INSCULPTA,  Meek. 

Shell  terete,  or  elongate-subconical ;  volutioils  apparently  about  ten, 
convex,  or  sometimes  flattened-convex,  increasing  gradually  in  size;  last 
one  not  much  enlarged,  and  without  an  angle  around  the  middle,  some- 
times slightly  concave  above  in  large  specimens ;  suture  well  defined ; 
aperture  unknown.  Surface  ornamented  by  distinct,  regular,  nearly 
straight,  or  slightly  arched  vertical  costse,  about  sixteen  of  which  may 
be  counted  on  each  volution,  while  crossing  these  are  smaller  regular, 
deep,  revolving  furrows  that  cut  each  rib  into  five  or  six  little  transverse 
nodes,  which,  from  the  obsolescence  of  the  vertical  costSB  on  the  lower 
part  of  the  last  turn,  become  more  or  less  continiious  revolving  lines  on 
that  part  of  the  shell. 

The  specimens  of  this  species  yet  obtained  are  too  imperfect  to  afford 
the  means  of  giving  accurate  measurements.  Judging,  however,  from 
some  of  those  in  the  collection,  large  adult  individuals  would  seem  to 
have  attained  a  length  of  1.40  inches,  with  a  breadth  of  body- volution  of 
near  0.50  inch.  Some  of  these  larger  specimens,  consisting  of  three  or 
four  of  the  lower  volutions,  show  but  a  very  gradual  decrease  in  breadth 
upward;  while  some  of  those  composed  oi'  the  upper  part  of  the  shell 
indicate  a  divergence  of  about  18^  for  the  angle  of  that  portion  of  the 
spine. 

As  none  of  the  specimens  show  the  aperture,  it  is  not  possible  to 
determine,  from  those  yet  seen,  whether  this  shell  really  belongs  to  the 
fresh-water  genus  Ooniohasis,  or  to  some  marine  genus,  although  the 
species  will  be  readily  recognized  by  its  sculpturing.  Its  only  known 
associates  are  fragments  of  Ostrea  and  Modiola^  with  Corhula  undi/era, 
an  association  that  would  certainly  favor  the  conclusion  that  it  should 
be  referred  to  a  marine  genus,  in  which  case  it  would  most  probably  fall 
into  Bittiumj  and  have  to  be  called  B.  insculpta.  We  have,  however, 
several  examples  of  unquestionable  fresh-water  shells  associated  with 
marine  types,  in  some  of  the  rocks  of  this  region ;  while  the  general 
aspect  of  this  shell  seems,  as  far  as  known,  to  associate  it  with  Oonio- 
ba8t«.  The  fact,  too,  that  nearly  all  the  specimens  yet  seen  are  frag- 
mentary, seems  to  indicate  that  the  species  did  not  live  in  the  same 
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waters  with  the  other  forms  found  associated  with  it,  but  that  the  speci- 
mens may  have  been  washed  into  the  sea  from  streams  on  the  neighbor- 
ing shores. 

In  several  respects  this  species  resembles  Cerithium  mexieanum,  Gabb, 
figured  and  described  in  the  California  geological  report,  from  the  Cre- 
taceous rocks  of  Mexico.  It  differs,  however,  in  showing,  so  far  as  yet 
known,  no  traces  of  the  varices  seen  on  that  shell;  while  the  little  nodes 
formed  by  the  crossing  of  its  revolving  lines  and  vertical  costae  are  trans- 
versely elongated,  instead  of  rounded,  as  on  the  Mexican  species^  which 
is  probably  a  Cerithium. 

Locality  and  position. — Rock  Spring,  Wyoming,  from  a  little  above  the 
main  ten-foot  bed  of  coal  at  that  locality.    Bitter  Creek  series. 

Melania  Goniobasis  (?)  WYOMiNGENSis,  Meek. 

Sbell. attaining  a  rather  large  size,  subterete,  or  very  elongate-conical ; 
volutions  about  nine  or  ten,  the  upper  ones  flattened-convex,  and  the 
lower  two  or  three  more  prominent;  suture  well  defined  but  not  deep. 
Surface  of  upper  volutions  ornamented  by  small,  regular,  rather 
crowded,  and  slightly  arched  vertical  eostae,  crossed  by  five  or  six 
regular  revolving  lines,  that  impart  to  them  a  granular  or  minutely 
nodular  appearance ;  farther  down,  the  vertical  costae  become  less  and 
less  distinct,  so  as  nearly  or  quite  to  disappear  on  the  lower  tarns, 
while  the  revolving  lines  become  proportionally  stronger,  especially  one 
a  little  above  the  middle  of  each  volution,  which  develops  a  revolving 
row  of  rather  distinct  nodes  that  are  compressed  from  above  and  below, 
so  as  to  become  sharply  prominent  on  the  lower  two  volutions,  thus 
giving  them  an  angular  appearance ;  though  the  last  one  is  rounded  be- 
low this  angle.     (Aperture  unknown.) 

Length,  about  2  inches;  breadth,  about  0.70  inch. 

It  is  not  probable  that  this  shell  belongs  properly  either  to  the  genus 
Melania  or  Ooniobasis^  as  those  genera  are  now  restricted  by  the  best 
authorities  in  concbology ;  though  I  have  little  doubt  that  it  will  &11 
into  Melania,  as  defined  and  understood  by  those  who  give  greater  lati- 
tude to  genera.  It  is  probable  that  when  its  aperture  can  be  seen,  it 
will  be  found  to  present  characters  that  would  warrant  its  separation 
under  a  new  generic  name.  I  suspect,  indeed,  that  some  others  of  par 
fossil-shells  of  this  kind,  from  the  fresh  and  brackish  water-beds  of  the 
Bocky  Mountain  region,  will  be  found  to  belong  to  several  undefined 
groups;  but  until  better  specimens  can  be  obtained,  we  can  only  range 
them  provisionally  under  the  established  genera  to  which  they  seem  to 
be  most  nearly  allied.  Undoubtedly  at  some  future  time  specimens 
will  be  found  sufliciently  well  preserved  to  enable  the  paleontologist 
to  classify  them  more  correctly.  It  seems  desirable,  however,  in  the 
mean  time,  to  define  them,  so  that  they  can  be  used  by  geologists  in 
identifying  strata,  as  it  may  be  ages  before  perfect  specimens  can  be 
found ;  while  those  we  now  have  can  be  readily  identified  specifically  by 
their  ornamentation  and  other  well-marked  characters. 

Locality  and  position. — Black  Butte  Station,  Union  Pacific  Railroad, 
Wyoming  Territory.    Upper  beds  Bitter  Creek  scries. 

TERTIARY  FORMS. 

Physa  BEiraERENSis,  Meek. 

Shell  attaining  a  large  size,  subovate  in  form;  spire  prominent,  coni- 
cal ;  volutions  four  and  a  half  to  five,  moderately  convex,  la^t  one  large 
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bat  not  very  yen tricose^  suture  well  deflDed  5  aperture  nan*ow-8abovate, 
arcuate,  acutely  angular  above,  and  about  twice  as  long  as  the  spire ; 
columella  twisted  into  a  rather  prominent  fold.  Surface  with  fine  sharp 
lines  of  growth. 

Length  about  1.15  inches;  breadth,  0.G6  inch. 

This  is  a  fine  large  species,  with  a  more  prominent  spire  than  any  of 
our  recent  species  resembling  it  in  other  respects.  None  of  the  speci- 
mens found  are  perfectly  preserved. 

Locality  and  position, — Church  Buttes,  fourteen  miles  from  Fort 
Bridger,  Wyoming  Territory.    Tertiary. 

LiMNJSA,  LlMNOPHYSA  (t)   CO^IPACTILIS,  Meek. 

Shell  rather  small,  slender,  subfusiform;  spire  conical,  a  little  longer 
than  the  aperture;  volutions  about  six,  very  little  convex,  and  (for  a 
Limnaea)  compactly  wound  together;  last  one  not  ventricose,  but  rather 
produced  below;  suture  distinct  though  shallow,  and  but  little  oblique; 
aperture  narrow  subovate,  very  narrowly  rounded  below,  and  acutely 
angular  above;  outer  lip  not  dilated:  columella  a  little  twisted,  and 
apparently  so  as  to  form  a  small  oblique  plication.    Surface  smooth. 

Length  of  a  medium-size  specimen,  0.50  inch,  breadth  0.20  inch ;  length 
of  aperture  0.22  inch ;  breadth  of  aperture  0.10  inch. 

I  have  not  seen  specimens  of  this  little  shell  showing  the  columella 
clearly  enough  to  be  sure  that  it  belongs  to  the  genus  Limnevu.  There 
is  a  compactness  in  the  rolling  together  of  the  volutions  of  the  spire, 
and  a  want  of  obliquity  and  deepness,  observable  in  the  suture,  that 
are  not  often  seen  in  that  genus,  and  remind  one  of  some  forms  referred 
to  sections  of  the  old  genus  BulimuSy  such,  for  instance,  as  B.  (Thau- 
ma^tus)  cali/omicus. 

Locality  and  position, — Upper  beds  of  the  series  exposed  at  Separation, 
on  the  Union  Pacific  Bailroad,  apparently  belonging  to  the  Tertiary. 

PuPAf  Leidyi,  Meek. 

Shell  clavate-subcylindrical,  being  about  three  times  as  long  as  wide, 
a  little  wider  above  the  middle  than  below,  and  very  obtuse  at  the 
apex;  volutions  about  fifteen,  very  compactly  coiled  together,  and  ex- 
tremely narrow  in  their  vertical  diameter;  suture  merely  linear,  and  so 
slightly  oblique  as  to  appear  to  the  eye  almost  at  right  angles  to  the 
longer  axis  of  the  shell;  aperture  unknown,  but  apparently  small.  Sur- 
face ornamented  by  small,  comparatively  distinct,  regular,  crowded, 
oblique  striae  of  growth. 

Length  about  0.55  inch ;  greatest  breadth,  0.20  inch. 

The  volutions  of  this  shell  are  so  compactly  coiled,  so  very  narrow, 
and  show  so  little  obliquity,  as  to  give  it  the  appearance  of  the  abdo- 
m'en  of  some  insects,  the  volutions  looking  like  rings,  and  the  obtuse 
apex  of  the  spire  like  the  jwsterior  extremity  of  an  insect  abdomen.  I 
have  seen  but  two  specimens,  and  neither  of  these  shows  the  aperture; 
consequently  it  i^  not  possible  to  determine  whether  or  not  it  is  a  true 
Pupa,  Indeed  its  subcylindrical  form,  and  numerous  volutions,  give  it 
much  the  api)earance  of  Holospira  of  Albers,  and  it  is  quite  probable 
that  when  si^ecimens  showing  its  aperture  can  be  examined  the  name 
may  have  to  be  changed  to  ffolospira  Leidyi,  Specifically  it  rather 
closely  resembles  ff,  Bemondiy  an  existing  species  found  at  Sonora, 
Mexico.  It  has  a  more  obtuse  apex,  however,  than  that  species,  and 
also  difiers  in  having  more  narrow  and  compactly  coiled  volutions,  and 
a  less  oblique  suture. 
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The  specific  name  of  this  interesting  little  shell  is  given  in  honor  of 
Professor  Joseph  Leidy,  the  distinguished  comparative  anatomist  of 
Philadelphia,  who  discovered  one  of  the  specimens  from  which  the 
description  was  drawn  uj). 

Locality  and  position. — Tertiary  rocks  twelve  miles  south  of  Fort 
Bridger,  Wyoming  Territory.  » 
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REPORT  OF   A  GEOLOGICAL  RECOMOISSANCE   ALONG  THE 

UNION  PACIFIC  RAILROAD. 


The  foIlowiDg  pages  contain  an  account  of  a  portion  of  the  geological 
reconnaissance  made  by  Mr.  Meek  and  myself  in  the  coal-bearing  forma- 
tions along  the  line  of  the  Union  Pacific  Railroad  in  the  summer  ol 
1872,  in  connection  with  the  United  States  geological  survey  of  the 
Territories,  Dr.  F.  V.  Hayden  in  charge.  The  work  comprised  the  col- 
lection of  fossils  from  these  beds,  and  taking  sections  and  such  other 
notes  as  would  serve  for  the  correct  establishment  of  the  various  hori- 
zons in  which  the  collections  were  made,  with  a  view  of  obtaining  fuller 
data  for  forming  a  correct  idea  of  the  formations  and  for  the  determina- 
tion of  their  age.  I  have,  therefore,  given  a  consecutive  account  of  all 
the  localities  visited  by  us,  which  are  not  elsewhere  reported  on  by  Mr. 
Meek,  with  our  examinations  at  each ;  not,  however,  entering  into  ques- 
tions of  economic  geology,  or  of  general  structure,  except  in  so  far  as  it 
appealed  necessary  for  the  elucidation  of  the  points  in  view.  In 
In  making  this  report,  in  addition  to  those  taken  by  myself,  I  have  been 
kindly  allowed  the  use  of  the  field-notes  of  Mr.  Meek. 

Cabbon. — ^The  first  locality  wliere  we  made  any  examinations  was 
Carhon  Station,  the  easternmost  point  where  the  coal  of  this  region  has 
been  opened  and  extensively  worked.  Here  we  stopped  a  day  and  ex- 
amined carefully  for  fossils  in  the  natural  and  artificial  exposures  near 
the  station.  The  structure  here  seemed  a  little  complex,  the  beds  con- 
siderably faulted  and  upturned,  but  we  obtained  an  a])proximate  section 
suflSciently  accurate  as  to  the  relative  location  of  the  different  beds 
from  which  we  obtained  specimens.  The  coal  appears  to  lie  in  a  local 
Bjnclinal,  the  dip  of  the  rocks  immediately  west  of  the  station  being 
from  20O  to  30^  in  a  general  direction  from  east-southeast  to  southeast, 
while  on  the  opposite  side  of  the  little  basin  or  trough  it  was  about 
150  to  20<^,  the  direction  varying  from  southwest  to  west  or  north  ol 
west  From  the  different  exposures,  and  from  the  testimony  of  the 
miners  as  to  the  beds  x)d8sed  through  in  sinking  shafts,  we  made  the 
following  approximate  section : 

Section' of  the  strata  at  Carbon^  Wyoming. 

Feet.  In. 

1.  Argillaceous  shale 8  0 

2.  Coal 0.6 

3.  Sandstone  and  sandy  shale 59  0 

4.  Argillaceous  shale 2  to  5  0 

O.Coal 9  0 

C.  Light-colored  sandy  and  argillaceous  shales,  with  im- 
pressions of  leaves 18  to  20  0 

T.Coal 3to5  0 

8.  Light-colored  sandy  shale 9  0 

9.  Coal 4  or  5  0 

10.  Light  sandy  beds,  sandstone,  and,  perhaps,  some  coal, 

(estimated) 40  to  60    0 
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Feet.  In. 

IL  Light-grayish  sandstoDe,  weathering  yellowish  or  red- 
dish, aud  varying  much  in  hardness  in  different  por- 
tions, irregularly  bedded,  (estimated) 3CH)    0 

12.  Thin- bedded,  hard,  reddish  sandstone 50    0 

Theupper  members  of  this  section,  from  1  to  5  inclusive,  were  given  as  the 
beds,  in  their  order,  passed  through  in  sinking  an  air-shaft,  and  were  not 
seen  in  place  by  either  of  us.  From  an  opening  made  near  the  railroad- 
track,  which  penetrated  a  portion  of  these  beds,  a  quantity  of  fragmepts 
of  a  laminated,  ashy-colored  sandr  tone  were  thrown  out,  which  were 
quite  full  of  impressions  of  leaves.  These,  with  similar  remains  from 
beds  G  and  8,  were  all  the  fossils  we  obtained,  though  it  was  reportecl 
to  us  that  shells  had  been  found  in  the  beds  underneath  the  main  coal- 
seam,  !N^o.  5.  Number  10  of  the  section  is  nowhere  well  exposed,  and  the 
thickness  of  these  beds,  as  well  as  of  those  immediately  below,  conld 
only  be  estimated  in  a  very  general  way.  Number  11  forms  the  high 
bluff  of  fantastically-weathered  sandstone,  which  is  to  be  seen  on  the 
side  of  the  railroad,  a  little  west  of  the  station,  and  which  forms  the 
extremity  of  a  ridge  stretching  away  to  the  north  and  east.  This  ap- 
pears to  be  the  eastern  edge  of  an  anticlinal  valley,  as  in  the  opposite 
ridge,  a  mile  or  two  distant,  the  beds  seemed  to  have  a  reversed  dip  to 
the  west  or  west-northwest. 

Fort  Steele, — ^Our  next  stopping-place  west  of  Carbon  was  at  Fort 
Steele,  where  we  made  some  examinations  of  the  strata  in  the  exten- 
sive exposures  along  the  Platte  Eiver,  on  the  southern  side  of  the  rail- 
road at  this  point.  The  cliffs  on  the  northern  side  were  not  visited,  as 
they  were  merely  the  equivalents  of  the  beds  examined,  and  could  only 
present  local  variations.  Owing  to  a  lack  of  time  we  also  did  not  visit 
the  interesting  localities  on  the  railroad  east  of  the  station  at  the  fort 

Passing  up  the  valley  of  the  Plat,te  from  Fort  Steele,  the  vicinity  of 
the  post  for  the  first  mile,  or  a  little  more,  is  occupied  by  rounded'hU- 
locks  of  whitish  clays,  which  probably  form  the  lowest  of  the  beds 
which  are  exposed  by  the  rift  of  the  anticlinal  at  this  point.  Beyond 
that  distance,  however,  there  appears  a  series  of  ridges  of  harder  sand- 
stone rocks  abutting  immediately  upon  the  left  bank  of  the  river  for 
the  distance  of  a  mile  or  more.  The  hollows,  or  parallel  valleys  between 
the  ridges,  are  caused  by  the  erosion  of  the  less  resistan{  intermediate 
beds  of  shales  or  clays.  The  whole  constitutes  an  immense  series  of 
heavy-bedded  grayish-buff'  and  drab  sandstones  of  various  degrees  of 
hardness,  alternating  to  some  extent  with  ashy  and  dark  colored  shales, 
amounting  altogether  to  several  thousand  feet.  The  sandstones  pre- 
sented a  very  well  marked  jointed  structure,  perpendicular  to  the  lami- 
nation, the  sloping  faces  of  some  of  the  ridges,  when  viewed  from  a  little 
distance,  appearing  like  the  edges  of  vertical  strata.  The  dip  of  the 
ridges  along  the  river  was  nearly  due  south-southeast,  and  the  angle 
in  the  lowest  beds  about  35^,  then  gradually  increasing  to  over  ^  or  45 
in  the  middle  of  the  series,  and  again  decreasing  to  from  15  to  20  at  the 
upper  limit  of  our  examinations.  Beyond  that  point,  the  beds  appear 
nearly  or  quite  horizontal.  A  little  below  the  middle  of  the  series  we 
found  in  a  bed  of  light-colored  shale  a  stratum  of  about  4  feet  in 
thickness,  almost  entirely  made  up  of  imperfect  specimens  of  an  Ostrea^ 
unidentifiable  as  to  species;  the  only  animal  rem£|iins  found  in  the  whole 
thickness  of  sandstones  and  shales.  In  the  upper  part  of  the  series  we 
observed  various  seams  of  dark  carbonaceous  shale  approaching  lignite, 
and  at  least  one  small  seam  of  coal,  but  without  associated  fossils,  other 
than  indistinct  vegetable  remains.     In  the  heavy  saud8tone-be<Is  we 
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observed  in  several  places  a  curious  branched  fucoidal  impression,  (JOTaZj^- 
meniteSj)  which  was  afterward  noticed  by  us  in  sandstone-beds  at  vari- 
ous localities  farther  west.  As  far  as  is  indicated  by  the  fossil  remains 
found  by  us,  there  are  no  grounds  for  rendering  any  positive  opinion  as 
to  the  age  of  this  series  j  the  lower  clays,  however,  have  been  deter- 
mined, from  fossils  from  that  horizon,  to  belong  to  the  Cretaceous,  and 
it  is  not  impossible  that  these  overlying  sandstones  may  either  wholly 
or  in  part  be  properly  referred  to  that  period. 

Bawlii>7GS. — Between  Fort  Steele  and  Eawlings,  the  next  station 
west,  we  made  no  notes  or  collections,  but  stopped  several  days  at  the 
latter  place  to  examine  the  lower  formations  there  exposed.  The  mount- 
ain immediately  north  of  the  village  is  mainly  composed  of  light-grayish 
or  flesh-colored  syenitic  granite,  above  which  the  sedimentary  beds  lie 
tilted  at  various  angles  and  in  different  directions  on  the  several  sides 
of  the  hill.  Immediately  above  the  granite  is  a  distinctly  stratified  de- 
posit of  siliceous  conglomerate,  passing  in  places  into  a  coarse  pebbly 
sandstone,  but  mainly  made  up  of  rounded  pebbles  of  whitish  quartz, 
rarely  over  one  inch  in  diameter,  in  a  siliceous  matrix.  This  passes 
gradually  into  the  beds  above ;  it  may  be  put  down,  however,  as  about 
75  or  80  feet  at  its  greatest  thickness.  Above  this  we  have  between 
800  and  400  feet  of  hard  grayish  sandstone,  approaching  quartzite,  regu- 
larly bedded,  the  layers  seldom  exceeding  a  foot  in  thickness.  Its  color 
on  weathered  surfaces  varies  from  a  light  gray  to  a  reddish  brown,  a 
tinge  of  the  latter  color  predominating  throughout  the  whole;  on 
freshly  fractured  surfaces,  however,  it  is  generally  light  gray,  or  is 
nearly  white.  The  lower  and  heavier  beds  are  almost  a  true  quartzite  ; 
this  character  is  less  apparent  toward  the  top,  and  some  layers  appear 
to  be  full  of  rough  fucoidal  casts,  which,  however,  were  too  imperfect  to 
be  of  value  as  specimens.  No  other  fossils  whatever  were  found,  in 
spite  of  a  very  careful  search  ;  but  while  there  was  nothing  absolutely 
characteristic,  Mr.  Meek  was  inclined  from  their  general  resemblance 
to  undoubted  Silurian  beds  in  the  western  country,  as  well  as  their  posi- 
tion and  the  character  of  the  contained  fucoidal  traces,  to  refer  these 
beds  to  the  Lower  Silurian,  and  possibly  to  its  lowest  member.  Above 
the  sandstone  is  from  10  to  15  feet  of  dark  colored  ferruginous  sand- 
stone, in  places  containing  a  few  pebbles,  and  even  approaching  the 
character  of  a  conglomerate.  The  bed  of  iron-ore  worked  on  the  north- 
eastern side  of  the  mountain  represents,  I  think,  a  i)ortion  of  this 
stratum.  The  sandstone  with  its  ferruginous  capping  is  well  seen  in 
the  two  hills  between  which  the  railroad  passes  about  a  half  mile  west 
of  th^  station,  and  also  in  its  upper  portion  at  the  base  of  the  hill  at 
Cherokee  Spring,  three  or  four  miles  northwest  of  the  village.  Un  the 
southwestern  cornei*of  the  mountain,  the  sandstone-beds  which  form 
the  summit  of  an  isolated  spur  extending  in  that  direction  are  beauti- 
iully  polished  and  finel3'  striated  from  the  action  of  sand  carried  by  the 
wind,  the  angles  of  the  rock  still  being  preserved. 

Immediately  above  the  ferruginous  upper  layer  of  the  sandstone  is  a 
heavy  limestone  formation,  the  total  thickness  of  which  can  hardly  be 
less  than  300  feet,  and  is  probably  much  more.  It  is  a  hard,  splintering 
^^k,  in  places  cherty,  generally  of  a  whitish  or  light-grayish  color,  but 
with  some  layers  dark  bluish-gra3\  In  it  we  found  a  specimen  or  two 
of  an  Athyris  closely  resembling,  if  not  identical  with.  A,  suhtilita  of  the 
coal  measures ;  indeed,  there  seems  to  be  no  doubt  as  to  the  carbouifer- 
ons  age  of  this  rock.  This  limestone  appears  on  the  northeastern  slope 
of  the  mountain  for  about  100  feet  of  its  lower  portion,  and  can  be  seen 
in  ridges  on  the  plain  at  its  base.  It  also  caps  the  hills,  between  which 
the  railroad-track  passes  just  west  of  the  station,  and  is  also  shown  iu 
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its  full  thickness  in  the  hills  near  Cherokee  Spring.  Above  the  lime- 
stone is  a  light  buff  or  yellowish  sandstone  weathering  into  thin  laminae 
in  the  exposures  which  outcrop  in  several  places  in  the  hills  south  of 
the  railroad  near  the  station,  but  we  did  not  measure  its  thickness  nor 
see  its  point  of  junction  with  the  beds  below.  The  vertical  distance 
between  the  highest  outcrop  of  this  rock  visited  by  us  and  the  base  of 
the  limestone  we  estimated  at  from  600  to  800  feet. 

The  rocks  above  the  granite  dip  to  all  points  of  the  compass,  from 
nearly  north  on  the  northeastern  face  of  the  mountain,  around  by  east 
and  southeast,  to  southwest  in  the  hills  near  Cherokee  Spring.  In  tue 
hills  near  the  station  it  is  about  10^  southeast,  and  is  continnous  on 
both  sides  of  the  curious  gap  through  which  the  railroad  passes.  It 
increases  in  angle  in  the  higher  sandstone  beds,  above  the  limestone, 
which  I  have  mentioned  as  outcropping  in  the  hills  south  of  the  rail- 
road, being  there  not  less  than  2(P  or  30^,  still  preserving,  however,  the 
same  direction.  At  Cherokee  Spring  the  beds  are  also  tilted  at  a  high 
angle,  varying  from  20°  to  30^,  apparently  greatest  in  the  lower  sand- 
stones. In  the  northeastern  exposures  on  the  long  slope  of  the  mount- 
ain it  was  slight,  not  averaging  over  10^  or  12°;  in  direction,  ranging 
from  south  of  east  to  nearly  north. 

Separation. — We  did  not  attempt  to  make  thorough  examinations 
at  Eawlings,  or  to  work  out  the  connection  between  these  lower  forma- 
tions and  the  Cretaceous,  as  more  time  would  have  been  required  for 
this  than  we  could  have  well  given.  We  therefore  passed  on  to  Separa- 
tion, the  next  stopping-place  to  the  westward,  where  we  spent  one  day. 
The  station  is  situated  in  a  level  country  with  no  very  prominent  expos- 
ures of  rock  in  place  nearer  than  a  mile  and  a  half  or  more.  At  that 
distance,  however,  in  a  direction  a  little  south  of  east,  we  reached  the 
first  of  a  series  of  low  ridges  extending  across  the  country  in  a  general 
north  and  south  direction,  composed  of  thin-bedded  sandstones  dipping 
at  an  angle  of  from  10^  to  15^  to  the  west,  or  a  little  north  of  west 
These  ridges  are  caused  by  the  harder  sandstone-beds  standing  out 
prominently  from  the  softer  shales  and  clays  which  form  the  great  mass 
of  the  beds  here.  ^Walking  directly  across  the  dip  we  passed  over 
eleven  of  these  ridges  in  the  estimated  distance  of  somewhat  less  than 
two  miles,  the  valleys  between,  as  a  general  rule,  affording  no  expos- 
ures. At  that  distance  the  series  of  low  ridges  ended  in  a  high  sloping 
bluff'  of  heavy-bedded,  grayish  buff  sandstone,  faced  in  part  with  a 
largely  eroded  bluish-white  bed.  We  noticed  ten  different  seams  of 
Carbonaceous  shale  or  coal  in  the  ridges,  some  of  which  doubtless 
represent  workable  beds.  In  the  upper  part  of  the  first  ridge,  in  the 
highest  beds  of  the  series,  we  collected  specimens  of  leaves  of  decidaons 
trees,  which  were  very  abundant  in  some  of  the  thin  layers  of  sand- 
stone. The  only  other  fossils  we  obtained  were  found  in  a  six-inch  bed 
in  the  second  ridge,  from  which  we  obtained  specimens  of  fresh-water 
shells,  Lymncea^  Viviparus^  Ooniohasis^  and  UniOj  nearly  all  fragmentary 
or  in  a  poor  stato  of  preservation.  The  more  eastern  ridges,  the  beds 
of  which  are  lower  in  geological  x)osition,  afforded  no  remains  whatever, 
either  animal  or  vegetable,  to  such  search  as  we  were  able  to  give. 

At  one  .point  on  the  plain  between  the  first  ridge  and  the  station,  sand- 
stone-beds appear  at  the  surface,  but  with  a  very  much  reduced  angle 
of  dip,  apparently  scarcely  over  3°  or  4°,  the  direction  still  toward  the 
west.  The  strata  appear  to  assume  a  horizontal  position  very  rapidly 
in  that  direction.  Taking  the  average  of  the  angle  of  the  dip  at  any 
point  from  10°  up  to  15°,  between  which  it  probably  ranges,  perhaps 
even  exceeding  the  latter  figure,  it  will  readily  be  seen  that  an  immense 
thickness  is  incliided  in  these  ridges,  not  less  than  1,800  or  2,000  feet 
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Adding  to  this  several  hundred  feet  of  beds  not  well  exposed,  bat  which 
mast  intervene  between  the  westernmost  ridge  and  the  point  where  the 
dip  ceases  and  the  strata  become  horizontal,  we  have,  at  a  moderate 
calcalation,  from  2,100  to  2,500  feet  of  these  whitish  clays  and  darker 
shales  and  sandstones  above  the  heavy-bedded  sandstone  in  the  bluff 
which  formed  the  lowest  geological  horizon  in  our  hurried  examination 
at  this  point.  We  have  no  positive  evidence  as  to  the  character  of  the 
intermediate  beds  between  the  more  widely  separated  ridges,  as  the 
wa^h  from  the  elevations  and  surface-soil  covered  all  the  evidences  ot 
stratification.  An  artesian  boring  at  the  station  gives  a  record  ol 
alternations  of  clays,  shales,  and  soft  arenaceous  beds  for  some  540  feet, 
which  is  probably  the  usual  character  of  the  softer  beds  generally. 
The  greater  part  of  this  thickness  is  probably  of  Tertiary  age ;  the  lower 
portion,  however,  may  belong  to  the  upper  part  of  the  Cretaceous. 
There  are  no  positive  evidences  of  any  unconformability,  notwithstand- 
ing the  sudden  lessening  of  the  angle  of  the  dip,  and  no  recognizable 
horizon  of  separation  of  the  two  tbrmations  in  the  whole  series  above 
the  heavy  sandstone. 

Bitter  Creek. — From  Separation  we  passed  on  by  railroad  to  Bitter 
Creek,  making  no  stoppage  at  intermediate  stations.  For  the  whole 
distance  there  appeared  to  be  only  exposures  of  higher  Tertiary  beds, 
mostly  horizontal,  or  nearly  so,  which  fill  the  trough  between  these  sta- 
tions. At  Bitter  Creek  we  stopped  over  one  day  and  examined  these 
upper  beds,  as  they  are  to  be  seen  in  the  immediate  vicinity  of  the  sta- 
tion and  in  the  hill  known  under  the  name  of  Table  Rock,  some  four 
miles  or  more  distant. 

Table  Rock  is  a  spur  of  the  range  of  Tertiary  hills  which  appear  for  a 
long  distance  on  the  southern  side  of  the  railroad,  and  also  to  some  extent 
in  conical  outlines  to  the  northward.  In  its  upper  portion  it  is  itself  an 
outlier,  the  strata  of  which  this  part  of  the  hill  is  composed  having  been 
cashed  away  in  its  immediate  vicinity.  The  section  it  afforded  is  as 
follows,  the  beds  numbered  from  above  downward : 

Section  of  the  beds  exposed  in  Table  Rock. 

Ft.  In. 

1.  Hard  brownish  sandstone,  largely  made  up  of  im- 

perfect casts  of  CTnio,  &c 15  0 

2.  Shale,  partly  carbonaceous -  -  0  6 

3.  Light-brownish  sandstone,  massive  and  incoherent. .  20  0 

4.  Sandy  shales,  light-colored 3  Ol* 

5.  Same  as  No.  3 12  0  r"^" 

6.  Shaly  sandstone,  light-brown  or  buff 20  0 

7.  Sandstone,  same  as  No.  3 12  0 

8.  Light-colored  shaly  sandstone,  with  intercalated  beds 

of  clay  and  shale 240    0  » 

9.  Harder  and  slightly  darker  colored  sandstone,  with  'i 

a  great  abundance  of  fossils,  &c.,  Melunia,  Vivipa- 

nw,  &c.,  top  of  first  bench 12    0 

10.  Shaly  beds 25    0 

11.  Sandstone  beds,  containing  Melania^  Unio,  See 10    0 

12.  Shaly  beds,  with  a  few  intercalated  thin  layers  of 

harder  sandstone,  and  a  four-foot  seam  of  dark 

shale,  about  midway  from  top  to  bottom 134    0 

From  the  summit  of  the  rock  we  observed,  five  or  six  miles  away  to  the 
eastward,  benches  composed  of  beds  superior  in  position  to  any  in  the 
above  section,  the  thickness  of  which  I  roughly  estimated  at  200  feet. 
The  thicknesses  of  the  different  members  of  the  section  itself  are  in  a 
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great  nieasare  only  estimates,  as  the  circumstances  were  not  altogether 
favorable  to  the  making  of  accurate  measurements.  The  dip  of  the 
strata  is  about  east-southeast,  from  3^  to  5°,  apparently  diminishiDg  to 
the  eastward. 

The  bed  "No.  9  of  the  section,  in  some  of  its  thinner  layers,  appears 
to  be  almost  entirely  made  up  of  fossil  remains,  mostly  of  a  species  of 
Melanian,  but  also  a  lesser  proportion  of  a  species  of  Viviparus.  In 
places  where  the  rock  was  decomposed  the  whole  upper  surface  is  cov- 
ered to  the  depth  of  an  inch  or  more  with  the  loose  casts  of  these  fossils, 
which  can  here  be  gathered  in  any  quantity,  by  simply  scraping  them 
off  the  ledges.  Other  layers  below,  No.  11,  also  contain  numerous 
fossils,  but  in  very  much  less  abundance,  and  casts  of  Unio  are  found 
in  large  numbers,  while  they  are  very  scarce  in  the  upper  strata. 
Scarcely  any  fossils  were  found  in  the  beds  other  than  those  specified. 

In  the  vicinity  of  Bitter  Creek  Station,  some  four  or  five  miles  distant 


in  a  general  westerly  or  southwesterly  direction,  Mr. 
Meek  examined  outcrops  of  some  275  feet  of  alternat- 
ing beds  of  soft  grayish  and  buff  sandstones  and  whit- 
ish shales  and  clays,  the  uppermost  of  which,  judg- 
ing from  the  dip  and  strike,  must  have  been  as 
much  as  200  feet  below  the  lowest  member  of  the 
Table  Eock  section  given  above.     No  fossils 
were  found  except  fragmen ts  of  fossil- wood  j 
nothing  to  characterize  any  of  thebeds.  An^ 
artesian  boring  at  the  station  penetrated 
445  feet  through  very  similar  alterna- 
tions  of   sandstone,  shale,  &c.;  the 
most  noticeable  variation  in  the  rec- 
ord, as  given,  being  the  occurrence 
at  the  depth  of  184  feet  of  an 
18-inch  seam  of  black  carbon- 
aceous shale.    Between  the 
lowest  part  of  the 
exposure  at  the 
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SECTION  AT  BLACK  BUTTB8. 


country,  affording  no  prominent  outcrops  by  which  the  character  of 
the  intermediate  beds  could  be  ascertained. 

Black  buttes. — Between  the  station  of  Bitter  Creek  and  that  of  Black 
Buttes,  the  next  to  the  w^estward,  is  a  distance  of  about  nine  miles  by  rail- 
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road,  bnt  in  a  direct  line  it  is  much  less,  probably  Dot  over  seven  miles,  if, 
indeed,  it  is  that.  A  straight  line  between  the  two  points  would  run  almost 
directly  across  the  dip,  which  will  average,  in  the  whole  distance,  not 
over  50  or  6^,  thus  giving  a  probable  thickness  of  the  tilted  strata,  be- 
tween the  stations,  of  over  2,000  feet.  We  were  unable  to  make  a 
detailed  examination  for  the  whole  distance;  the  275  feet  of  sandstones, 
&C.,  examined  by  Mr.  Meek,  would  be  included  in  its  upper  portion,  and 
at  Black  Buttes  a  detailed  section  of  some  hundreds  of  feet  of  the  beds 
was  made  by  Mr.  Meek  and  myself.  Above  this  section,  looking  away 
to  the  eastward,  we  could  see  near  at  hand,  from  a  little  eminence,  sev- 
eral hundred  feet  of  alternations  of  reddish,  purple,  and  bluish-ashy 
shales  and  sandstones,  with  a  few  streaks  of  black  carbonaceous  shales, 
and  beyond  them,  in  the  distance,  a  great  development  of  whitish  beds, 
extending  as  far  as  anything  could  be  satisfactorily  distinguished  by  the 
eye.  The  whole  landscape  was  about  as  desolate  ascould  well  beimagined, 
a  series  of  steep  rocky  ridges,  formed  by  the  upturned  edges  of  the 
harder  sandstones,  with  irregular  shallow  valleys  between.  Some  of  the 
reddish  beds  suggested,  by  their  appearance,  the  supposition  that  their 
color  was  due  to  the  combustion  of  lignite  beds  below,  a  hypothesis 
which  was  sufficently  verified  in  numerous  other  instances  in  our  exami- 
nation.   The  succession  of  the  strata  will  be  seen  on  page  526,  Fig.  54. 


Section  at  Bluck  Buttes  Station. 


Feet. 


1.  Yellowish  gray  sandstone,  with  leaves  of  palm,  (Sabal,) 

&c 

2.  Bluish-ashy  laminated  clays 

3.  Thin-bedded  grayish  and  brownish  sandstone    

4.  Dark  shale 

5.  Bluish  laminated  clays 

6.  Red  laminated  sandstone  and  shale 

7.  Thin  laminated  sandstone  (6  or  8  inches)  and  yellowish 

shales 

8.  Coal 

0.  Light-colored  laminated  sandstone,  becoming  darker 

below 

10.  Shale,  dark  colored  below,  and  lighter  and  more 

sandy  above 

11.  Light  gra}'  laminated,  shale,  capped  with  a  thin  sand- 

stone  

12.  Coal 

13.  Arenaceous  shales,  with  a  darker  seam  near  middle. 

14.  Coal  4 J  feet,  with  dark  shale  above  and  below 

15.  Shale,  darker  above,  with  thin  laminated  sandstone, 

Oysters ". 

16.  Coal  and  carbonaceous  shale 

17.  Dark  grayish  buff  sandstone,  containing  numerous 

leaves  and  bones  of  saurian 

18.  Shaly  beds  with  thin  sandstone  laminae 

19.  Coal  2  feet,  with  carbonaceous  shale  above  and  be- 

low  , 

20.  Thin  laminated  dark  gray  and  light  shales,  contain- 

ing numerous  fossil  shells  (brackish  water)  in  lower 
portion;  some  thin  laminae  of  sandstone 

21.  Coal li  to  2 

22.  Shale Oiu.tol 
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Feet. 

23.  Soft  bluish  white  sandstone,  mostly  massive,  but  in 

places  thin  bedded 

24.  Massive  light  gray  or  grayish  buff  sandstone,  in 

places  almost  dark  brown,  also  becoming  laminat- 
ed in  parts 

25.  Soft  light  grayish  sandy  shales  and  clays 

26.  Grayish  buff,  massive  sandstone 

27.  Thin  sandstones  alternating  with  grayish  shaly  clays, 

the  sandstones  almost  entirely  disappearing  in  the 

lower  portion 130 

370  to  371  feet 

The  above  section  was  mostly  made  up  from  Mr.  Meek's  notes,  which 
were  more  minute  than  my  own,  though  they  agreed  togeUier  in 
the  main.  It  is  serviceable  in  pointing  out  the  exact  horizon  of  the 
fossils  procured  here,  which  were  mostly  from  the  thin  layers  of  Ko& 
15, 17,  and  20,  with  some  vegetable  remains  in  some  of  the  higher  sand- 
stone layers.  Apart  from  the  fossils,  the  beds  in  most  instances  failed 
to  afford  well-marked  horizons,  and  sections  taken  on  different  lines 
over  the  exposures  would  show  numerous  differences  in  the  alternations 
of  sandstone,  shale,  &c.,  from  the  one  above  given.  The  broken  charac- 
ter of  the  ridges  caused  by  the  superior  hardness  of  certain  strata  or 
portions  of  strata  over  others,  sufficiently  indicated  this  variability. 
The  coal-beds  themselves,  I  have  reason  to  believe,  partake  somewhat 
of  this  character  j  in  the  section  they  appeared  to  be  of  the  thickness 
given,  while  in  some  of  the  openings  it  was  stated  that  a  very  much 
greater  thickness  was  found.  One  or  two  exceptions,  however,  may 
be  mentioned  to  the  general  rule :  the  reddish  sandstone,  No.  6,  appeared, 
as  far  as  our  examinations  extended,  to  be  a  pretty  constant  stratum, 
and  the  heavy  sandstones,  Kos.  23  to  26  inclusive,  with  their  underlying 
thin  laminated  grayish  sandstones  and  shales,  No.  27,  formed  a  very 
well  marked  horizon.  It  seems  quite  probable,  indeed,  that  the 
series  of  buff*  and  whitish  massive  sandstone  here,  Nos.  23  to  26,  is  the 
same  as  that  which  appears  on  the  other  side  of  the  synclinal,  at  Sepa- 
ration, in  the  heavy  face  of  grayish  buff  sandstone  covered  in  places 
with  a  thin  stratum  of  whitish  rock,  which  formed  the  lowest  member 
of  the  series  observed  there.  The  two  agree  very  closely  in  lithological 
characters,  and  apparently  also  in  being  the  first  rocks  of  this  character 
met  with  in  passing  downwards  from  the  soft  fresh-water  Tertiary  beds 
which  fill  the  synclinal  fold.  If  this  supposition  is  correct  we  have  one 
pretty  definite  horizon  which  will  materially  aid  in  determining  approx- 
imately the  age  of  these  beds.  It  is  to  be  regretted  that  our  examina- 
tions near  Separation  afforded  no  fossils  from  the  strata  nearest  the 
heavy  sandstone. 

The  fossils  found  here,  besides  the  vertebrate  remains,  were  mostly 
from  No.  20,  and  consisted  of  shells  of  the  genera  Ostrea^  Anomia^  Cor- 
Mcula,  Corbula,  Cyrena^  Ooniobasis  f  and  ViviparuSy  indicating  a  brack- 
ish water  fauna,  and  one  decidedly  different  from  that  of  the  sandstones 
farther  east.  The  point  where  the  fresh-water  deposits  begin,  and  the 
estuary  or  brackish-water  life  ceased,  could  not  be  determined,  but  I 
am  inclined  to  think  that  it  is  not  very  far  above  these  beds,  perhaps  a 
little  beyond  the  scope  of  the  section  given  above.  Mr.  Meek  ¥^8  dis- 
posed to  give  the  separation  as  very  near  this  point,  considering  the 
brackish- water  deposits  most  probably  Cretaceous,  and  those  above  them 
Tertiary.    It  is  possible  that  there  is  no  very  definite  horizon  of  separa- 
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tion,  bat  that  the  two  shade  into  each  other  through  perhaps  several 
bandred  feet  of  non-fossilif^oas  sandstones  and  shales,  and  without 
fossils  it  is  not  possible  to  decide  the  question.  In  the  other  beds  only 
a  few  oyster-shells  were  obtained,  but  fossil  leaves  were  abundant  in 
some,  and  in  No.  17  we  obtained  some  huge  reptilian  bones.  The 
remaining  portions  of  the  skeleton  were  exhumed  by  Professor  Cope 
a  little  after  our  .visit,  and  found  to  belong  to  a  large  Dinosaurian, 
for  which  he  has  proposed  the  name  Agathaumus  sylvestrisj  and  which 
he  ccmsiders  as  affording  conclusive  proof  of  the  Cretaceous  age  of  these 
strata. 

The  thin  sandstones  and  days,  No.  27,  forming  the  lowest  member  of 
the  section  last  given,  appear  at  the  base  of  the  bluffs  on  the  northern 
edge  of  the  bottom-lands  of  Bitter  Creek  for  a  distance  of  two  or  three 
miles  northwest  of  Black  Bnttes  Station,  where  there  appears  below 
tiiem,  and  apparently  dipping  unconformably  beneath  them,  a  massive, 
blaish-wbite  soft  sandstone,  with  some  int^calated  clays  and  harder 
lamime  of  grayish  sandstone.  This  apparent  unconformability  is  best 
noticed  by  viewing  it  from  a  little  distance  to  the  westward,  but  is  suf- 
ficiently prominent  at  the  point  where  the  two  beds  appear  nearest  to- 
gether, only  a  little  valley  intervening.  At  this  point  the  dip  of  the 
underlying  beds  is  nearly  southeast  al^ut  18^,  while  that  of  the  over- 
lyiiig  rocks  is  only  from  5^  to  7^^  and  nearly  due  east.  This  unconfor- 
mability also  makes  the  thickness  of  these  lowest  beds  of  the  Black 
Bnttes  section  less  at  this  point  than  elsewhere;  here  it  appears  not 
over  130  feet,  while  a  range  of  bluffs  stretching  away  to  the  southward, 
and  to  all  appearance  capped  with  the  heavy  sandstone  which  is  seen 
at  the  station,  show  a.long  slope  of  not  less  than  two  or  three  hundred 
feet  of  these  beds. 

The  following  section  was  taken  by  Mr.  Meek  and  myself  in  a  wind- 
ing walk  over  the  hills  from  a  point  some  six  miles  northwest  of  the 
station,  to  the  place  where  the  two  apparently  unconformable  series 
eome  together,  already  mentioned  as  some  two  or  three  miles  from  the 
station  at  Black  Buttes.  It  was  made  by  walking  across  the  dip,  esti- 
mating or  measuring  the  thickness  of  each  bed.  In  this  manner  the 
lowest  beds  were  first  met  with,  but  for  the  sake  of  uniformity  with  the 
other  local  sections  given  in  this  report,  and  for  convenience  of  refer- 
ence, I  number  the  difTerent  strata  in  the  descending  order,  common- 
<ang  with  the  uppermost  member  already  described  as  underlying  No. 
27  of  the  previous  section : 

Sectum  taken  between  Black  Buttes  and  a  point  six  miles  east  of  Paint  of 

Bocks. 

Feet 

1.  Soft  blnish-white  sandstone,  with  intercalated  clays 

and  harder  grayish  laminse 90 

2.  Whitish  clays  and  shales  with  some  laminated  sand- 

stone 48 

^-  Coarse  grayish  and  bufT  sandstone  . : 6 

1  Whitish  sandy  clays  and  dark  carbonaceous  shale  ^H. 

with  thin  seam  of  coal 20 

5.  Massive  light  gray  and  whitish  sandstone 33 

6.  Whitish  sandy  clays  with  some  carbonaceous  shale ; 

traeesof  coal ^ ....        23 

7-  Grayidi  buff  sandstone,  mostly  heavy  bedded . .  .37 

^*  Crrayish  and  dark  carbonacous  shales  with  appear- 
ance of  coal  'j  ftised  and  burnt  red  in  part9 20     ^  L 

^*  Soft  grayish  sandstone  with  Ostrea ' 5 

34  G  S 
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10.  Dark  laminated  clays,  barnt  reddish  in  places 

11.  Light-colored  sandy  clays,  passing  into  blnish-white 

sandstone 

12.  Heavy  bedded  reddish  and  gray  sandstone,  Ostrea.. 

13.  Light  grayish  and  sandy  clays  and  shales  with  seams 

of  brownish  sandstone,  (estimated) 

14.  Valley,  perhaps  30  to  50  feet ;  strata  nnseen. 

15.  Light  and  dark-colored  shales,  with  probably  some 

thin  seams  of  coal 

16.  Light  drab-colored  shales  with  some  carbonaceous 

seams,  aud  some  thin-bedded,  ripple-marked  gray- 
ish sandstone 

17.  Bluish  and  grayish  laminated  clays  with  some  car- 

bonaceous seams,  and  some  thin-bedded  sandstone 
layers  in  uppermost  part 

18.  Reddish  brown  and  grayish  sandstone 

19.  Bluish  and  grayish  laminated  clays  with  some  car- 

bonaceous layers 

20.  Grayish  sandstone,  weathering  brownish 

21.  Ash-colored  sandy  clays  and  shales .• 

22.  Brownish  sandstone 

23.  Light  sandy  shale 

24.  Impure  coal  or  dark  carbonaceous  shale •. 

25.  Carbonaceous  and  grayish  shales  or  clays 

26.  Bluish  gray  concretionary  sandstone 

27.  Arenaceous  shales  or  clays 

28.  Grayish  and  carbonaceous  shales;    appearance  of 

coal 

29.  Bluish  arenaceous  shales  or  clays 

30.  Laminated  bluish  white  sandstone  and  sandy  shale. 

31.  Gray  sandy  shale.  - 

32.  Heavy  bedded  coarse  sandstone,  whitish  in  upper 

portion,  and  brownish  buff  below 


Feet 
5 

25 
30  to  50 


L 


350     SJ. 


80 


64 


75 

8 

26 
4 

12 
3 
2 
2 

24 
4 

14 

8 
13 
20 

3 

130 


No.  1  of  this  section  shows  signs  of  having  been  much  di8ta]i)6d 
locally.  In  one  or  two  places  I  noticed  a  local  dip  to  the  south  or  south- 
west. This  may,  perhaps,  be  due  to  a  slipping  of  the  beds  on  each  other. 
This  disturbance,  in  connection  with  that  observed  at  Hallville,  heie- 
after  to  be  mentioned,  suggested  the  possibility  that  the  apparent  uncoil- 
formability  between  these  beds  and. those  of  the  previous  section  might 
in  reality  be  due  to  a  faulting  of  the  strata,  with  lateral  twistang, 
although  the  appearance  as  far  as  our  examination  extended,  seemed  to 
favor  the  contrary  view.  I  am  inclined  to  accept  this  as  the  true 
explanation  of  the  appearance  as  nothing  in  the  character  of  the  rod[8 
themselves,  and  in  the  contained  fossils,  shows  any  such  decided  change, 
as  might  be  expected  with  such  an  evidence  of  difference  of  epoch. 
Apparently  the  same  oyster  *  and  a  peculiar  vegetable  impression 
(already  noted  as  seen  in  the  rocks  at  Carbon  and  Fort  Steele)  mere 
found  in  several  of  the  sandstone  layers  above  and  below  the  disturb^ 
ance. 

The  dip  of  the  heavy  sandstone  No.  32,  at  the  base,  and  also  at  the 
western  end  of  the  series,  was  nearly  due  east,  and  not  over  €P,  while, 
owing  to  the  local  disturbance,  that  of  the  uppermost  bed,  at  the  east- 
ern extremity,  was  southeast,  and  nearly  20^.  In  the  \ntermediat6  beds  it 
would  scarcely  average  over  5^  or  6^^  with  a  direction  a  little  soath  of 
east.    There  appeared  throughout  to  be  numerous  local  changes  as  to 
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degree  in  the  dip,  and  the  total  average  thickness,  thoagh  greater,  per- 
haps, than  that  we  have  given  in  our  estimates  in  the  detailed  section, 
is  hardly  as  mhch  as  would  be  indicated  by  the  angle  of  the  dip  at 
nnmeroos  points  where  it  was  taken. 

HALLYrLLiE. — ^The  horizon  of  the  Hallville  coal  is  included  in  this 
Becti(Xi,  thoagh  the  mines  themselves  are  at  least  one  and  a  half  miles 
distant  from  any  part  of  the  line,  and  are  separated  from  it  by  the  bot- 
tom-lands of  Bitter  Greek.  The  coal  itself  could  not  be  recognized,  and 
perhaps  is  only  represented  by  some  of  the  carbonaceous  seams  noticed 
between  Kos.  8  and  20.  The  surface  indications,  however,  are  possibly 
deceptive*  and  excavations  would,  perhaps,  discover  the  coal  as  fully 
devdopea  as  at  that  place.  We  visited  Hallville,  and  made  a  rapid 
examination  of  the  surroundings.  The  mines  had  not  been  worked  for 
a  considerable  period,  and  the  place  waa  entirely  abandoned  at  the  time 
of  our  visit.  'Die  driifts  had  partially  fallen  in,  and  we  were  unable  to 
procure  any  fossils  firom  the  roof-shsdes,  &c.,  of  the  coal ;  for  the  same 
reasons,  we  could  not  get  a  very  good  section  of  the  mines.  We  no- 
•  ticed,  however,  a  considerable  local  disturbance,  including  an  apparent 
southwesterly  dip,  at  one  of  the  points  visitecl.  I  have  already  men- 
tioned this  disturbance  in  si)eaking  of  that  noticed  at  the  junction  of 
sections  2  and  3 ;  it  seems  to  be  altogether  local,  and  certainly  does  not 
extend  to  the  corresponding  beds  on  the  other  side  of  Bitter  Creek. 
That  noticed  in  Ko.  1  of  the  foregoing  section,  although  in  a  higher  geo- 
logical position,  may,  as  has  been  suggested,  be  due  to  the  same  cause, 
and  simultaneous.  In  passing  eastward  from  Hallville  toward  Black 
Bottes  Station,  we  observed  at  a  point  considerably  higher  in  the  series 
a  development  of  some  40  feet  or  more  of  whitish  sandstone  ahd  sandy 
shale,  which  could  be  continued  by  the  eye  in  the  direction  of  the  strike 
across  the  line  of  the  section,  in  which  it  is  represented  mainly  by  No. 
5,  and  perhaps  partially  by  tne  beds  immediately  below.  This  band  of 
whitish  sandstone  and  shale,  though  varying  in  width  as  it  was  traced 
by  the  eye,  formed  about  the  best  and  most  continuous  horizon  in  the 
section.  In  several  cases  one  of  the  lignite  seams  had  taken  flre  along 
its  outcrop,  and  could  be  traced  for  a  considerable  distance  by  the  baked 
and  reddened  clays  immediately  above  it ;  but  these  were  not  generally 
so  eontinuoas  over  so  long  a  distance,  nor  were  they  so  valuable  in 
determining  the  relative  position  of  the  Hallville  beds  in  the  series. 
For  the  most  part,  the  remarks  as  to  the  variability  of  the  characters  of 
the  rocks  which  were  made  in  reference  to  the  Black  Buttes  section 
iriU  apply  equally  well  here.  The  fossils  found,  with  the  exception  of 
some  leaves  of  dicotyledonous  plants  in  some  of  the  upper  sandstones, 
and  apparently  the  same  as  those  noticed  in  the  beds  of  the  Black  Buttes 
section,  were  all  from  beds  No&  9  and  12,  and  consisted  of  only  one  or 
two  species  of  oyster.  The  soft,  sandy  shale  of  No.  9  was  in  places  al- 
most dii^laeed  by  these  shells,  which  made  up,  I  should  judge,  nearly 
or  quite  one-half  of  the  mass  of  the  stratum. 

Passing  west  ftom  Hallville,  the  heavy  sandstone  No.  32  forms  high, 
i^early  perpendicular  bluffs  on  the  right  of  the  railroad,  which  here 
aeems  to  run  nearly  along  the  strike  of  the  great  fold  across  which  these 
sections  are  taken.  The  cliffs  continue  to  border  the  railroad  to  Point 
of  Bocks  Station,  where  they  open  somewhat,  and  a  higher  series  of 
beds  come  in  view ;  beyond  this  place  they  again  close  in  and  continue 
1^  the  track  for/tiie  distance  of  a  mile  and  a  half  or  more.  The  whole 
thickness  oC  the  beds  is  much  ^eater  than  is  given  in  the  section,  in 
^hieh  only  their  upper  portion  is  included ;  I  have  roughly  estimated 
it  as  much  as  500  feet.    For  the  most  part  the  bluffs  consist  of  a  coarse, 


532       GEOLOGICAL  SURVEY  OP  THE  TERRITORIES. 

heavy-bedded  sandstone,  generally  light  bluish-gray  or  whitish  in  eoloTi 
but  in  places  turning  to  yellowish  or  even  reddish  brown.  It  inclades 
numerous  local  bands  or  seams  of  shale,  grayish  drab  in  color,  and  in 
parts  dark  carbonaceous  with  indications  of  coal.  The  rock  itaelf  in 
places  passes  into  a  coarse  sandy  shale,  and  this  unequal  hardness  causes 
its  exposures  to  assume  a  peculiarly  rugged  and  rough  appearance  in 
many  places,  huge  bastions  standing  out  from  the  cliffs,  and  occasionally 
presenting  rude  resemblances  to  architectural  forms.  We  found  no 
traces  of  tbssils  anywhere  in  this  sandstone,  but  from  the  appearances 
I  should  judge  that  a  more  extended  examination  might  discover  them 
in  some  of  the  intercalated  carbonaceous  shales 

Point  OF  Books.— In  the  bla&  near  Point  of  jEtocks  Station,  and 
above  the  heavy  sandstone,  are  four  or  five  diSsreiit  aeams  of  eoal,  the 
uppermost  one  of  which  must  be  at  least  150  to  200  feet  above  it.  Still 
above  this,  near  the  top  of  the  hill,  we  found  a  bed  containing  a  great 
abundance  of  a  large  speeies  of  oyster,  di&rent  from  those  found  in  the 
beds  N'os.  9  and  12  of  the  preceding  section.  We  did  not  make  a  close 
examination  of  the  beds  here,  as  their  horizon  is  iadiided  in  the  seetioQ 
just  described,  though  they  do  not  correspond  exactly  in  lithologieal 
characters.  The  better  development  of  the  coal  here  may  be  merely 
local;  it  did  not  appear  so  near  the  top  of  tto  sandstone  on  the  line  of 
our  examinations,  and  it  seems  almost  too  low  in  geological  position  to 
be  referred  to  the  horizon  of  the  EUdville  beds,  although  it  may  occupy 
the  same. 

Commencing  at  the  base  of  the  great  sandstone  at  a  point  about  two 
and  a  half  miles  west  of  Point  of  Bocks,  and  proceedikig  westward  near 
the  railroad  track,  Mr.  Meek  and  I  observed  the  foUowingsucoesaion  of 
bede  in  the  deseending  order : 

Sectum  near  the  railroad  between  Paint  of  Mocks  and  8aU  WelU. 

1.  Oray  and  drab  sandy  shales,  with  some  harder  band^of 

brownish  sandstone 25 

2.  Massive  drab  sandstone 27 

3.  Bluish  and  dark  colored  sandy  shale 3 

4.  Gray  sandstone  with  fossils If 

5.  Yellowish  and  brownish- gray  sandstone  and  shales 55 

6.  Shaly  and  massive  brownish  and  buff  sandstone 36 

7.  Shale,  partly  dark  colored ;  appearance  of  eoal 2 

8.  Soft  bluish-white  sandstone,  mostly  in  heavy  beds,  some 

of  its  upper  portion  laminated  with  a  little  dark  shale, 
and  appearance  of  coal 39 

9.  Grayish  sandstone,  weathering  brown,  shaly  in  places, 

with  some  whitish  beds  above ^ 

10.  Heavy-bedded  whitish  sandstone 14 

11.  Brown  or  buff  sandstone,  with  some  sandy  shi^ 22    ) 

12.  Arenaceous  shales  and  clays,  yellowiek  or  drab  in  color,  >  ^ 

with  thin  laminsB  of  harder  brownish  sandstone 165   f 

13.  Heavy-bedded  buff  and  bluish-white  sandstone  ahd  sandy 

shales 86 

14.  Dark  carbonaceous  shale  or  coal 2^ 

15.  Soft  grayish-buff  and  bluish -white  sandstones,  with  yellow- 

ish-drab sandy  clays  and  shales ;  some  thin  carbonaoeeaa 

seams 90 

16.  Black  carbonaceous  shale  or  coal 2^ 

17.  Brownish  and  dark-colored  shales 18   | 
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F«et. 

18.  Grayish-drab  massive  sandstones 20 

19.  Ash-colored  clays  and  sandy  shales^ 13 

20.  Whitish-buflf  sandstone 3  >p. 

ZL  light-colored  sandy  shales,  with  thin  carbonaceous  seams.      7 

22.  Massive  grayish-buff  and  whitish  sandstone,  with  interca- 

lated light-colored  sandy  shales 132 

23.  Carbonaceous  shale ;  trace  of  coal 2 

24.  Grayish  and  bluish  while  sandstone  and  sandy  shale 25 

25.  Carbonaceous  shale 4 

26.  Massive  sandstone,  bluish  white  above,  grayish  buff  be- 

low      60 

27.  Light-gray  shale  and  shaly  sandstone 18 

28.  Black  shale  and  coal  • 3-5 

29.  Grayish-buff  and  bluish-white  massive  sandstones,  some  ) 

portions  even  weathering  brown,  with  frequent  interca-  >  Q. 

lations  of  soft  sandy  shales 200-300   ) 

The  thicknesses  of  the  different  beds  given  above  are,  as  in  the  other 
sections,  for  the  most  part  merely  estimates,  such  as  could  be  made  by 
walking  over  the  upturned  edges  of  the  strata.  I  am  of  the  opinion  that, 
taken  as  a  whole,  the  thickness  is  rather  under  than  over  estimated. 
The  angle  of  the  dip  varied  in  different  parts  of  the  section :  in  the  upper- 
most beds,  which  were  at  the  eastern  extremity  of  the  line  and  fa^rthest 
from  the  axis  of  the  fold,  the  dip  was  from  5^  to  8^,  and  from  there  it 
decreased  toward  the  westernmost  and  lowest  exi>osure8  to  from  2o  or 
3^  to  50.  The  direction  was  throughout  about  the  same,  nearly  north- 
east The  line  followed  commenced,  as  has  been  alreaay  stated,  near 
the  railroad-track,  two  and  one-half  miles  from  Point  of  Bocks,  and  ended 
at  a  point  some  distance  to  the  right  of  the  railroad,  and  nearly  four 
miles,  in  a  nearly  due  northeast  direction,  from  Salt  Wells  Station. 

A  few  leaves  were  found  in  one  or  two  of  the  sandstone  layers,  but 
were  not  in  any  way  characteristic,  and  the  bed  No.  4  was  almost 
entirely  made  up  of  fossils  and  their  casts,  chiefly  of  a  species  of  Ano- 
•lio,  together  with  oysters,  CarhicuUij  CarbuUij  and  a  few  specimens  of 
Modiola  and  Ooniobasi^. 

With  this  last  section  is  completed  the  whole  series  of  variegated 
sandstones  and  shales  on  the  eastern  side  of  this  great  fold  or  anticlinal, 
which  continues  in  the  vicinity  of  the  railroad  from^ between  Bitter 
Creek  and  Black  Buttes  Stations  nearly  to  Salt  Wells.  The  total  thick- 
ness of  this  series,  reckoning  from  a  point  east  of  Black  Buttes  to  this 
place,  cannot  be  much  less  than  4,000  feet,  though  in  our  estimates  in 
the  detailed  sections  we  have  rather  fallen  short  of  this  total.  This  is 
mainly  due  to  our  caution  against  making  an  overestimate,  and  the 
nature  of  the  exposures,  which  in  many  pl^es  only  consisted  of  a  very 
gradual  slope  or  shallow  valley,  showing  by  its  debris  and  on  the  sur- 
face the  general  character  of  the  beds.-  The  sections  show  the  pecu- 
liarity of  the  series,  its  alternations  of  light  gray,  grayish  buff,  and 
whitish  and  brown  sandstones,  with  drab  and  ash-colored  shales  and 
clays.  As  regards,  however,  the  alternations  themselves,  these  sections 
are  for  the  most  part  correct  only  for  the  particular  line  on  which  they 
were  taken,  the  great  majority  of  the  sandstone  beds  changing  in  respect 
^  color,  hardness,  and  stratification  even  within  the  distance  of  a  few 
feet.  I  am  of  the  opinion,  moreover,  that  the  coal-seams  also  share 
this  general  character  of  variability,  but  our  examinations  could  not  be 
Bufflciently  minute  to  determine  to  what  extent  this  is  the  case. 
The  accompanying  woodcut  is  intended  as  a  general  section  of  the 
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as  observed  by  us.  The  general  divisions  correspond  to  those 
given,  included  in  brackets,  in  the  detailed  sections,  and 
are  indicated  by  the  same  letters. 

It  is  worthy  of  remark  that,  of  the  invertebrate  fossils 
obtained  by  usaa  far  down  as  to  the  baseof  the  series,  not 
one  is  of  a  characteristic  Cretaceous  genus,  but  all  have 
rather  the  aspect  of  a  collection  obtained  from  beds  of 
Tertiary  age.  It  is  true  that  Mr.  Meek,  and  I  believe 
Mr.  Emmons  also,  had  considered  that  these  beds  might 
be  most  properly  referred  to  the  Cretaceous,  but  this 
was  rather  on  account  of  the  change  in  the  general 
character  of  the  fossil  fauna  from  purely  fresh- water,  as 
in  the  characteristic  Tertiary  of  this  region,'  to  brackish- 
water  marine,  and  the  specific  affinities  of  a  few  of  the 
fossils  to  Calitbrnia  Cretaceous  species,  than  from  any 
very  positive  evidence.  As  far  as  I  know,  the  only 
evidence  of  this  kind  is  in  the  identification,  by  Profes- 
sor  Cope,  of  the  saurian  remains  found  by  us  at  Black 
Buttes.  It  seems  to  me  highly  probable,  and  indeed 
almost  certain,  that  the  workable  coal-seams  of  Wyo- 
ming and  Utah  range  from  well-characterized  Cretaceous 
strata,  as  at  Coalville  and  Bear  Biver  City,  through 
these  beds,  which  may,  perhaps,  he  best  regarded  as  a 
gigantic  transition  series,  into  the  purely  fresh-water 
beds,  usually  consideed  as  of  Tertiary  age,  as  observed 
by  us  near  Separation  and  elsewhere. 

Salt  Wells. — Near  Salt  Wells  a  very  different  series 
comes  to  the  surface  and  occupies  the  axis  of  the  anti- 
clinal at  this  place.  The  rocks  are  first  seen  along  the 
railroad,  about  four  or  five  miles  east  of  the  station, 
and  consist  of  grayish  drab,  thin-bedded  sandstones  and 
shales,  with  an  entire  absence  of  the  heavy-bedded  buff 
and  whitish  sandstones  which  form  so  prominent  a  fea- 
ture of  the  overlying  rocks  farther  east.  It  forms  the 
high  bluffs  some  two  or  three  miles  south  of  Salt  Wells 
Station,  but  is  wanting  in  the*  immediate  vicinity  of  the 
railroad  at  that  point,  and  for  some  distance  to  the  west- 
ward, as  the  station  Itself  is  situated  in  the  valley  along 
the  anticlinal  axis.  Two  or  three  miles  to  the  eastward, 
one  or  two  cuts  show  sections  of  the  beds  close  to  the 
track,  in  which  it  is  pretty  uniformly  a  thinly  laminated, 
dark  grayish  drab  sandstone  or  sandy  shale,  and,  is  as 
far  as  we  could  see,  entirely  destitute  of  fossil  remains. 
Mr.  Meek  examined  the  bluffs  about  two  or  two  and  a 
half  miles  southeast  of  the  station,  and  found  them  to 
consist  of  very  much  the  same  general  character  of  be<ls, 
with  some  intercalated  clays,  the  whole,  however,  show- 
ing no  very  abrupt  variations  such  as  are  to  be  seen  in 
the  rocks  of  the  overlying  series.  No  fossils  were  found, 
except  indistinct  traces  of  fucoids  (!)  and  tracks  of  anne- 
lids. The  thickness  of  the  beds  exposed  in  the  bluff  was 
about  480  feet,  the  uppermost  of  which,  by  estimate, 
was  250  to  300  feet  below  the  base  of  the  preceding  sec- 
tion, making  a  total  from  the  base  of  the  bluff  to  the 
lowest  member  of  the  variegated  sandstone  series,  of 
over  700  feet.    Add  to  this  the  probable  thickness  of 
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beds  between  tbe  binffs  and  tbe  center  of  the  anticliDal  valley,  hardly 
mider  300  or  400  feet,  and  we  have  over  1,000  feet  for  the  thickness 
of  this  formation.  It  seems  probable  that  in  its  uppe^  portion  it  con- 
tains some  coal-seams,  as  at  one  point  on  the  railroad,  aboat  four  or 
five  miles  east  of  Salt  Wells,  I  observed  an  isolated  outcrop  of  coal 
in  the  bottom  of  a  ditch  alongside  the  track,  which^  from  its  posi- 
tion, I  jadged  to  be  below  the  heavy  sandstone  senes.  No  seams 
were  seen  in.  any  of  the  other  outcrops  near  the  track  or  in  the 
binil^. 

Bock  Springs. — Passing  westward  from  Salt  Wells  we  find  on  the 
other  side  of  the  valley  the  great  series  of  variegated  sandstones  and 
days  re-appearing,  but  With  a  reversed  dip  to  the  northwest  of  some  1(P 
or  12^.  Below  it  we  have  a  considerable  exposure  of  the  thin  sandstone, 
which  here  appears  to  stand  in  more  perpendicular  faces  than  on  the 
opposite  side  of  the  valley,  and  has  a  more  reddish  cast.  The  sandstones 
and  clays  immediately  above,  which  on  the  eastern  slope  of  the  fold 
showed  no  very  numerous  or  valuable  seams  of  coal,  here  appear  to  be 
the  gjeat  repository  of  that  material :  the  lowest  seam  worked,  that  at 
the  Vandyke  mine,  is  apparently  only  a  short  distance,  perhaps  a  few 
hundred  feet,  above  the  base  of  the  series,  and  other  veins  occur  within 
short  vertical  distances  of  each  other  immediately  above  it.  We  made 
DO  detailed  section  on  this  side  of  the  anticlinal,  but  from  our  examina- 
tions we  judged  that  no  very  close  parallelism  existed  between  the  beds 
of  the  two  slopes,  although  the  series  preserved  the  same  general  char- 
acters od  both.  The  principal  coal-seam  worked  at  Bock  Springs,  from 
9  to  11  feet  in  thickness,  overlies  a  heavy  bed  of  bluish-white  sandstone 
very  similar  to  many  of  those  noticed  farther  east.  The  record  of  an 
artesian  boring  made  at  the  mines  gives,  as  it  was  reported  to  me,  some 
sixteen  seams  of  coal,  varying  from  18  inches  to  8  feet  in  thickness, 
passed  through  in  a  depth  of  not  more  than  730  feet.  Some  of  these 
may,  perhaps,  be  only  beds  of  carbonaceous  ^hale,  but  it  seems  to  be 
beyond  question  that  the  coal-seams  are  better  developed  here  than 
farther  east.  Still  other  veins  occur  in  a  higher  horizon  than  was  met 
with  in  the  boring,  but  they  are  of  less  importance.  Opposite  the  sta- 
tion at  Bock  Si^rings,  on  the  opposite  side  of  Bitter  Creek,  a  heavy 
bedded  sandstone  of  perhaps  several  hundred  feet  in  thickness  appears 
in  the  rocky  face  of  a  bluff  and  occupies  a  considerably  higher  geological 
position.  This  may  possibly  be  the  equivalent  of  the  heavy  sandstone 
near  Point  of  Bocks,  to  which  it  bears  a  resemblance,  but  I  am  not  inclined 
to  positively  identify  disconnected  beds  in  this  formation.  It  seems, 
however,  to  be  not  far  from  the  same  relative  position  to  the  base  of  the 
series. 

Borne  distance  below  the  principal  coal-seam  at  Bock  Springs,  50  to 
100  feet,  or  even  more,  we  found  a  thin  seam  of  hard  sandstone,  con- 
taining a  great  abundance  of  certain  species  of  fossils,  a  strongly  ribbed 
f^pecies  of  Corbulaj»Modiola^  and  a  OoniobasiSy  similar  to  those  found  near 
Point  of  Bocks,  and  a  few  imperfect  specimens  of  Oatrea.  There  are 
other  fossil-bearing  beds  in  the  vicinity,  of  which  we  heard  accounts,  but 
our  specimens  were  all  gathered  in  this  stratum. 

West  of  Bock  Springs  the  ledges  of  this  formation  may  be  seen  on 
either  side  of  the  railroad  for  a  distance  of  five  or  six  miles,  dipping  to 
the  northwest  or  west-northwest  at  \ery  much  the  same  angle  as  near 
the  station.  There  is  not,  however,  a  good  continuous  exposure,  but 
the  upturned  edges  of  the  harder  beds  form  slight  ridges  above  the  gen- 
ital level  of  the  valley  which  intervenes  between  the  station  and  the 
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range  of  hills  to  the  westward.  At  the  base  of  these  hills  we  leave  tbe 
series  entirely,  it  passing  nnderneath  the  Tertiary  beds  of  which  the  range 
is  composed.  We  did  not  examine  the  junction  of  the  two  series,  bat 
there  seems,  from  a  passing  view,  to  be  an  anconformability  here,  the 
upper  beds  having  a  very  slight  dip  to  the  west  of  not  over  2^  or 
30  altogether.  These  Tertiary  beds,  where  they  are  cut  through  by  the 
gorge  of  Bitter  Greek,  which  the  railroad  follows,  appear  as  thinly  lami- 
nated, whitish,  or  light-grayish  arenaceous  shales,  showing  in  recent 
railroad-cuts  a  slightly  bluish  tinge.  In  places  there  appear  bands  of 
darker  shale,  and  capping  the  hills  as  the  road  nears  Green  Riv^  isseen 
a  heavier  brownish  or  radish  sandstone  bed,  which  forms  the  perpen- 
dicalar  mural  escarpments  and  isolated  castle  like  knobs  .which  form  so 
prominent  a  feature  near  Green  River  Station.  In  some  layers  the 
shales  are  dark-colored  on  freshly  fractured  surfaces  and  seem  impreg- 
nated with  petroleum,  but  they  all  appear  to  weather  uniformly  light 
yellow  or  whitish. 

Green  River. — A  hill  about  two  miles  east  of  the  station,  at  Green 
River  crossing,  on  the  southern  side  of  Bitter  Greek,  gave  the  following 
section  from  a  rough  measurement  with  a  pocket-level : 

SeeHon  near  €hreen  Biver  Station. 

1.  Heavy  reddish-brown  sandstone 100  feet  or  more. 

2.  Whitish  arenaceous  clays  or  shales 500  feet. 

3.  Reddish  or  brownish  arenaceous  shales 50  feet. 

4.  Whitish  arenaceous  clays : 130  feet. 

The  dip  was  very  slight,  but  one  or  two  degrees  to  the  westward,  and 
is  indeed  scarcely  perceptible.  It  is 'best  seen  on  the  bluffs,  on  the  im- 
mediate bank  of  the  river,  above  the  station,  where  the  beds  are  seen  to 
dip,  with  some  slight  local  undulations,  to  the  westward ;  and  the  well- 
known  petrified-fish  bed'which,  at  its  exposure  on  the  railroad  about  two 
miles  or  a  little  more  from  the  station,  is  only  40  or  50  feet  above  the 
river,  at  Green  River  Gity,  is  said  to  be  found  near  the  summit  of  the 
bluffs  some  hundreds  of  feet  higher  in  actual  level.  The  reddish  sand- 
stone which  caps  the  hills  at  the  station  to  the  eastward  does  not  appear 
very  prominently  to  the  westward,  and  perhaps  passes  into  arenaceous 
shale  in  that  direction.  It  appears  probable  that  there  are  some  local 
variations  in  this  formation,  but  as  a  whole  it  presents  in  this  respect  a 
striking  contrast  to  the  series  below.  ^ 

Br'y  AN. — West  of  Green  River  City  the  beds  seen  at  the  river  disap- 
pear, and  still  higher  one43  of  the  same  group  come  in  view.  These  we 
examined  in  the  vicinity  of  Bryan,  where  we  visited  one  or  two  conical 
buttes  lying  to  the  south  of  Black's  Fork  and  three  or  four  miles  from 
the  station.  We  found  these  to  consist  of  thinly  laminated  grayish 
sandstone  or  sandy  shale,  with,  near  the  summit,  some  bluish,  more 
argillaceous  layers,  and  on  the  extreme  summit  a  stratum  of  harder 
grayish  sandstone  filled  with  rough  casts  of  Melanian^^  TJnio^  &c.,  and 
on  one  a  great  abundance  of  bivalve  crustaccous  remains,  (Ci^m,)  all 
more  or  less  silicified.  The  height  of  the  buttes  was  not  over  150  to  200 
feet,  the  strata  perfectly  horizontal.  Beside  these  buttes  the  country  in 
the  vicinity  afforded  no  good  exposures,  the  surface  being  rather  level 
and  uniformly  covered  with  a  gravelly  superficies  completely  hiding  the 
underlying  rocks. 

Bridger  Station. — West  of  Bryan  we  made  no  stop  till  we  reached 
Bridger  Station,  where  we  examined  to  some  extent  iki^  underlying 
greenish-gray  sandstones  and  reddish  clays,  &c.,  of  the  Wasatch  group. 
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Afi  far  west  as  Garter  the  flat  table-topped  hills,  composed  of  the  whitish 
beds  of  the  superior  Bridger  Rroupi  characterize  the  scenery,  bat  be- 
tween tliat  station  and  Bridger  the  underlying  greenish  and  reddish  gray 
sandstoDes.  appear,  and  near  the  latter  station  predominate.  About  a 
mile  or  more  southwest  of  the  station,  in  a  hill  on  the  right  bank  of 
Muddy  Creek,  and  near  the  railroad  track,  the  following  section  was 
taken  which  I  copy  from  Mr.  Meek's  note-book.  It  shows  the  general 
oliaiacter  and  variations  of  the  lower  formation,  which  is  characterized 
by  more  massive  sandstones  and  clayey  beds,  differing  in  color  and 
other  respects  from  the  shales  above : 

Section  near  Bridger  Station* 

Feet, 

1.  Alternations  of  gray,  rather  coarse  sandstones,  and  reddish  and 

ash-colored  arenaceous  clays,  some  layers  of  the  sandstone 

fossiliferous 165 

2.  Massive  gray  sandstone,  stained  reddish  above 13 

3.  Ash'Colored  and  reddish  sandy  clays ^ 23 

4.  Gray  sandstone 3 

5.  Beddish  and  yellowish-gray  sandy  clays 16 

6.  Massive  grayish  sandstone,  stained  reddish  above 23 

7.  Beddish  and  ash-colored  sandy  clays 20 

S.  Gray  sandstone 4 

9.  Whitish  sandy  clays 3 

10.  Gray  sandstone 2 

11.  Beddish  sandy  clays  with  some  soft  sandstone 15 

12.  Gray  massive  sandstone 8 

13.  Beddish  and  yellowish  clays ^ 10 

14.  Grayish  sandstone *l 5 

15.  Beddish  and  ash-colore4  arenaceous  clays,  with  perhaps  some 

layers  of  sandstone 42 

The  upper  member  of  this  section  closely  resembles,  and  is  probably 
identical  with,  the  beds  forming  a  hill  on  the  southeast  side  of  the  rail- 
load-track  three-fourths  of  a  mile  or  more  northeast  of  the  station.    The 
same  fossils  (chiefly  rough  casts  of  a  Melanian  and  a  Unio)  occur  in  a  thin 
layer  near  the  top  of  the  hill.     The  dip  in  both  cases  was  the  same, 
nearly  east,  from  4^  to  6^.    From  the  summit  we  could  see  the  reddish 
layers  in  ledges  to  the  eastward,  thus  indicating  that  we  were  far, 
perhaps  many  hundred  feet,  below  the  top  of  the  series.    The  beds 
seemed  to  dip  unconformably  below  the  more  horizontal  whitish  strata 
of  the  Bridger  group,  and  at  one  point,  at  least,  I  saw  a  patch  of 
the  upper  formation  lying  between  the  ridges  of  reddish  sandstone.    It 
would  thus  appear  that  there  had  been  considerable  denudation  here, 
and  that  portions  of  the  upper  group  had  been  washed  away,  leaving 
only  these  outlines  to  indicate  their  greater  extension  in  former  times. 
Piedmont. — ^Beyond  Bridger  the  railroad,  following  the  valley  of 
Muddy  Creek,  turns  to  the  south,  and  then  bends  slightly  to  the  eastward, 
<^ryiQg  the  traveler  again  into  the  area  of  the  higher  group,  but  still 
showing  at  the  base  of  the  hills  the  heavy  grayish  sandstones  and  red- 
dish clays  of  the  Wasatch  formation.    The  junction  was  well  observed 
in  some  high  hills  about  a  mile,  or  little  more,  east  of  Piedmont  Station, 
in  which  the  lower,  210  or  211  feet,  was  made  up  of  the  heavy-bedded, 
giayish  sandstone,  weathering  reddish,  with  intercalated  beds  of  softer 
^dy  clays,  the  whole  without,  as  far  as  we  could  detect,  any  trace  of  fos- 
sils, either  animal  or  vegetable.    Above  this  we  roughly  measured  with  a 
pocket  level  some  229  feet  of  whitish  beds,  mostly  argillaceous,  but  with 
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three  or  four  ledges  of  white  foasiliferoiiA  limestone.  The  slojie  betweim 
each  of  the  limestone-beds  was  thickly  strewn  with  chips  derived  tnxm 
the  ledges,  and  the  true  character  of  the  intermediate  beds  was  largely 
concealed  from  this  cause.  They  appeared,  however,  tq  be  mainly 
whitish  clays,  with,  in  places,  a  slightly  bluish  tinge.  The  fossils  were 
mostly  fish-remains,  impressions  of  scales,  spines,  and  bones,  bat  in  the 
upper  ledge  we  found  casts  of  a  small  FUinorbis,  and  in  the  lowermosl 
one  a  Helix,  closely  resembling  J7.  Leidyi^  from  the  Tertiary  of  the 
Upper  Missouri.  The  upper  beds  here  apparently  dipped  a  little  to  the 
north  of  east,  but  scarcely  more  than  two  or  three  degrees  altogether. 
The  unconformability  between  them  and  the  underlying  rocks  was  not^ 
as  far  as  we  could  see,  very  noticeable  at  this  i>oint,  though  I  thought 
that  I  saw  in  the  lower  beds  a  slightly  increased  dip  to  the  eastwrnL 
These  lower  reddish  beds  are  seep  along  the  railroad  to  the  west  of  this 
station  in  various  places,  and  apparently  lie  uncoufprmably  upon  the 
whitish  Cretaceous  strata  which  come  into  view  in  that  direction. 

ASPEI7. — ^The  Cretaceous  strata  which  appear  near  Aspen  Station  ap- 
parently belong  to  a  lower  member  of  the  formation  than  any  of  the 
beds  examined  by  us  either  to  the  east  or  west  of  this  point.  Immedi- 
ately at  the  station  they  form  rounded  hills,  or  ridges,  rising  to  the 
height  of  200  feet  or  more,  and  composed  of  hard,  splintering,  whitish 
and  bluish  slates,  the  former  color  predominating  toward  the  sammit, 
and  the  latter  appearing  near  the  base.  These  slates  are  full  of  fish- 
scales,  with  occasional  impressions  of  bones  and  teeth,  and  near  the  top 
of  the  hills  we  found  a  fragment  of  an  Ammonite.  The  lower  bluish 
beds  are  also  well  exposed  in  several  cuts  along  the  railroad  for  a  short 
distance  west  of  the  station,  and  here  also  contain  numerous  fish  re- 
mains 'j  their  color  in  places  is  nearly  black.  In  one  of  these  cuts,  un- 
der the  snow-shed  just  west  of  the  station,  we  saw  one  or  two  thin 
layers  of  grayish  limestone,  full  of  unrecognizable  fragments  of  fossils. 
The  total  thickness  of  these  slates,  from  their  lowest  to  their  highest 
exposures,  cannot  be  less  than  300  or  400  feet }  they  pass  beneath  the 
level  of  the  valley  to  the  westward  with  an  estimated  dip  of  ten  or 
fifteen  degrees  in  a  general  west-southwest  direction.  To  the  westward, 
within  a  distance  of  about  two  miles,  there  appear  one  or  two  parallel 
ridges,  which,  with  the  valleys  between,  must  represent  some  1,500  feet 
or  more  of  overlying  strata,  consisting,  as  far  as  could  be  seen  in  the 
exposures  of  light  gray  and  whitish  sandstones,  and  light-colored  clays, 
or  shales.  The  railroad  cuts  through  the  westernmost  one  of  these 
ridges  at  a  point  some  three  miles  from  Aspen,  where  we  made  the  fol- 
lowing rough  section: 

Section  ai  Rock  Cut 

1.  Light-colored  shales  and  shaly  sandstone.. 60  feet  or  more. 

2.  V^hitish  sandstone  containing  Ostrea 3  feet. 

3.  Light-colored  shaly  bed •. 10  feet. 

4.  Heavy-bedded  whitish  sandstone 40  to  50  feet 

5.  Alternating  shales  and  thin  sandstone-beds 40  feet  or  more. 

The  heavy  sandstone-bed  No.  4  forms  the  crest  of  the  ridge,  the 
upper  beds  appearing  on  the  slope  in  the  artificial  cut.  The  oyster  ia 
bed  No.  2  was  identified  by  Mr.  Meek  as  Ostrea  soleniacusj  Meek,  a  species 
which  we  found  farthfer  west  in  Cretaceous  beds  at  Coalville  and  else- 
where. The  dip  of  the  main  sandstone  was  about  30^  in  a  directioa 
nearly  southwest. 

A  little  west  of  this  point  is  the  interesting  locality  at  old  Bear  Biver 
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(Atjy  where  we  stopped  and  made  some  examinations^  the  results  of 
which  are  given  elsewhere  by  Mr.  Meek. 

EvAifSTON. — ^After  leaving  Bear  Eiver  City  and  Aspen,  we  spent  a 
day  or  two  at  Evanston,  and  made  sections  of  the  rocks  abont  the  coal- 
mines at  Almy,  on  the  north  side  of  Bear  Biver^  some  three  miles  to  the 
northwest  of  the  station.  The  section  given  below  was  taken  in  the 
liiil  back  of  the  mines,  aild  though  not  altogether  a  continuous  one,  it 
nevertheless  represents  pretty  fairly  the  general  character  of  the  beds 
and  their  alternations.  Nos.  1  to  24  inclusive  were  taken  from  near 
the  summit  of  the  hill  down  to  the  bottom  in  a  ravine,  which  enters  the 
hottom-lauds  of  Bear  River  a  mile  and  a  half  or  more  east  of  Almy ;  of 
the  rest,  Nos.  25  to  39  inclusive  were  taken  from  exposures  in  a  ravine 
immediately  back  of  the  village,  and  the  remainder  chiefly  from  artifl- 
dal  exposures  at  the  mines.  The  thicknesses  as  here  given  of  the  dif- 
ferent beds,  except  in  the  case  of  the  last-named  ones,  are,  as  in  most 
of  our  other  sections,  estimates  made  by  the  eye,  more  accurate  meas- 
urements being  impracticable  with  the  attention  we  were  able  to  give: 

Section  of  hill  back  of  tits  Almy  coal-mines. 

Feet. 

1.  Coarse,  pebbly,  conglomerate  with  some  intercalated  sand- 

stones and  clays 50 

2.  Yellowish  and  gray  sandy  clays,  or  soft,  decomposing  sand- 

stone    70 

3»  Massive  ^rray  sandstone — 6 

4b  Yellowish  and  gray  sandy  shales  or  soft  sandstone 8 

5.  Coarse  grayish  sandstone  weathering  brown 25 

^  Beddish  and  yellowish  sandy  clays  or  shales 100 

7.  Coarse  grayish-brown  sandstone  and  conglomerate. . . '. 15 

S.  Beddish  and  ash-colored  sandy  clays  or  shales 100 

9.  Massive  light  grayish  sandstone 12 

li^.  Yellowish  sandy  clays 15 

11.  Coarse,  pebbly,  reddish-gray  sandstone 15 

12.  Soft  grayish  sandstone  passing  downward  into  decomposing 

reddish  conglomerate 62 

13.  Yellowish  sandy  clays,  some  sandstone  at  base 50 

14.  Sandstone  and  conglomerate 25 

15.  Cray  and  yellowish-gray  sandstones  and  sandy  shales 45 

1^.  Coarse  sandstone  and  conglomerate 8 

17.  Sandy  clays  or  shales,  some  parts  reddish 50 

18.  Conglomerate  passing  into  coarse  sandstone l(i 

19.  Yellowish  sandy  clays  or  soft  sandstone 32 

20.  Conglomerate 22 

21.  Yellowish  or  reddish  sandy  shales  or  clays 50 

22.  Conglomerate 13 

23.  Yellowish  sandstone  and  sandy  clays :   50 

24.  Coarse  conglomerate 140 

25.  Yellowish  and  whitish  sandstone  with  some  sandy  clays 170 

26.  Dark-grayish  sandstone  and  shales 22 

27.  Light-colored  sandy  cla^  s  or  shales 12 

28.  Grayish-buff  sandstone 10 

29.  Grayish  sandy  shales  with  apparently  some  carbonaceous  seams 

near  base - .  150 

30.  Beddish  and  gray  sandstone.  -. 12 

31.  Grayish  shales  or  sandy  clays 150 

32.  Beddish  and  gray  sandstone 4 
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33.  Light-colored  sandy  shales,  perhaps  some  sandstone 45 

34.  Light>gray  or  whitish  sandstone 14 

35.  Dark  and  light-colored  sandy  shales M 

36.  Dark  grayish-brown  sandstone 20 

37.  Dark-grayish  shale  with  some  carbonaceous  layers  and  perhaps 

some  thin  seams  of  coal  near  base 100 

38.  Hard  reddish  sandstone 5 

39.  Soft  argillaceous  sandstone,  some  harder  layers 20 

40.  Goal 4) 

41.  Dark  clay / 4 

42.  Hard,  impure  coal — "  rock  coaP^ 2 

43.  Coal 9} 

44.  Hard,  impure  coal — "  rock  coaP 4^ 

45.  Coal 10 

46.  Shaleandclay 10 

47.  Coal ^ 

48.  Shaly  clay,  about 20 

49.  Iron  ore,  (ferruginous  sandstone) 3 

60.  Clay 15 

51.  Coal 1 

Still  above  the  highest  member  of  this  section  we  could  see  from  500 
to  700  feet  of  sandstones  and  sandy  clays  or  shales,  which  we  did  not 
examine  closely.  In  fact,  the  whole  of  the  upper  part  of  the  section  is 
only  yalaable  to  give  an  idea  of  the  alternations  and  the  general  char- 
acter of  the  whole  series.  The  sandstones  afforded  in  no  instance  any 
trace  of  animal  or  vegetable  remains,  and  the  exposures  of  the  softer 
beds  were  such  bs  to  give  no  evidences  of  any  fossil  contents,  beiBg 
generally  slopes  more  or  less  covered  with  dShris.  The  dip  was  through- 
out nearly  northeast,  varying  perhaps  a  little  to  the  eastward^  its  angle 
averaged  from  17^  to  20^. 

The  first  fossils  found  in  place  were  seen  in  No.  32,  which  contained 
impressions  of  large  leaves  of  dicotyledonous  trees.  About  this  he^ 
izon  also  we  picked  up  a  fragment  of  sandstone  containing  the  cast 
of  a  HeUx^  which  however  might,  judging  from  its  appearanoe,  have 
ceme  from  bed  No.  30.  Farther  down  bed  No.  34  also  contained  leaf- 
impressions,  and  in  No.  35  we  found  imperfect  casts  of  bivalve  shells 
resembling  Unio,  In  No.  37,  below  its  middle,  we  found  a  two-foot  band 
exposed  in  a  prospecting  trench,  almost  entirely  made  up  of  small  fresh- 
water-shells, CyclcLSj  Phym^  &c.,  all  crushed  together  and  almost  unrecog- 
nizable, except  as  to  genus. 

Nos.  42  to  45  inclusive  comprise  the  26foot  seam  worked  at  this 
point.  The  beds  below  were  not  seen  by  us,  that  porUon  of  the  sectiiA 
having  been  furnished  by  Mr.  Deuel,  superintendent  at  the  mines  of 
the  Rocky  Mountain  Coal  and  Iron  Company  at  this  point. 

We  also  visited  the  hills  on  the  north  side  of  Bear  Biver,  northeast 
of  Evanston,  which  we  found  to  be  composed  of  very  similar  strata  to 
thQse  in  the  npi)er  part  of  the  Almy  section,  viz,  alternations  of  coarse 
sandstones,  conglomerates,  and  sandy  clays.  There  seems  to  have  been 
a  considerable  disturbance  here  besides  the  mere  tilting  of  the  beds, 
and  from  the  altered  direction  of  the  strike,  which  is  here  nearly  north 
and  south,  we  were  led  to  suspect  a  considerable  lateral  displacement 
with  faulting,  which  might  very  possibly  caase  the  appearance  of  the 
same  Ueds  in  both  these  hills,  and  those  about  Almy,  although  at  first 
sight  these  would  appear  much  higher  in  geological  position.  We  did 
not  attempt,  however,  to  work  out  the  geological  structure  to  any  great 
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extent,  as  it  woald  have  required  more  time  and  labor  than  we  were 
well  able  to  give  for  that  parpoae. 

We  did  not  discover  any  evidences  of  nnconformability  in  the  Almy 
section ;  the  whole  formation  seemed  one  continuous  series.  The  fresh- 
water beds  containing  shells  £u*e,  I  think,  certainly  conformable  to  the 
coal;  indeed,  we  observed  thin  carbonaceous, seams  in  its  immediate 
proximity.  In  the  main  section  I  have  given  the  larger  divisions,  as 
exposed,  on  a  line  terminating  at  the  mines,  but  the  prospecting  trench 
ah^ady  mentioned,  which  was  opened  by  Mr.  Deuel  some  two  miles 
below  Almy,  afforded  the  following  section,  which  in  the  larger  one  is 
included  in  the  lower  part  of  No.  37 : 

Section  taken  two  rnUea  below  Almy  in  trench. 

Ft.   In. 

1.  Coal,  or  carbonaceous  shale 3  0 

2.  Glaysbale 2  0 

3.  Impure  coal 3  0 

4.  Hard  argillaceous  sandstone,  containing  and  almost  entirely 

made  ap  of  minute  crushed  fresh-water  shells 2  0 

5.  Goal,  or  carbonaceous  shale 1  0 

6^  Sandy  shale 12  0 

7.  Coal,  or  carbonaceous  shale,  with  clay  parting 4  6 

&  Shale  or  clay 20  0 

Under  this,  according  to  Mr.  Deuel,  is  the  heavy  stratum  of  argilla- 
eeons  sandstone.  No.  39  of  the  section,  which  is  seen  at  the  mines  above 
the  main  coal,  and  "which  contains  numerous  leaf-impressions. 

The  fossils  found,  both  in  this  two-foot  band  and  in  the  sandstones 
above,  would  indicate  that  the  age  of  these  beds  was  Tertiary,  rather 
than  Cretaceous,  and  that  they  might  possibly  be  even  more  recent  than 
Eocene.  I  do  not  know  the  grounds  of  Professor  Copers  reference  of  the 
coal  at  this  point  to  the  Cretaceous,  while  he  admits  the  Tertiary  age 
of  some,  at  least,  of  the  overlying  sandstones  ;*  but  as  we  found  no 
break  or  line  of  demarkation  in  the  whole  2,000  feet  or  more  which  we 
examined,  and  found  our  fossils  in  coal-bearing  beds  immediately  above 
and  conformable  to  the  main  coal,  the  facts,  so  far  as  they  are  known  to 
me,  do  not  seem  sufficient  for  such  identification. 

From  Evanston  we  went  west  to  Echo  and  CoalviUe,  which  are 
reported  on  by  Mr.  Meek. 


'^  Pr.  Acad.  Nat.  Soi.  Philadelphia,  1872,  p.  279 
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ON  THE  EXTINCT  VERTEBRATA  OF  THE  EOCENE  OF  WYOMING, 
OBSERVED  BY  THE  EXPEDITION  OF  1872,  WITH  NOTES  ON 
THE  GEOLOGY. 


Philadelphia,  April  29, 1873. 

I  send  herewith  a  detailed  report  of  the  results  of  the  paleontological 
survey  of  the  Green  River  Tertiary  bashi,  undertaken  last  summer  by 
myself,  nnder  your  direction.  The  report  is  not  complete,  but  includes 
the  general  determination  of  the  vertebrata,  with  special  monographs 
CD  some  of  the  mammalia. 

The  expedition  left  Fort  Bridger  July  19, 1872,  and  followed  the  road 
to  Cottonwood  Creek,  southeast  eighteen  miles,  whence  we  made  our 
first  excursions  into  the  bad  lands.  After  this,  our  route  lay  along 
Cottonwood  Creek  to  Smith's  Fork  of  Green  River,  thence  along  Black's 
Fork,  and  thence  to  Green  River  City.  We  then  followed  Bitter  Creek 
to  Black  Bnttes,  and,  leaving  the  line  of*  the  Union  Pacific  Railroad, 
traveled  south  towards  the  headwaters  of  the  Vermillion.  Before  reach- 
ing this  point  we  explored  the  Mammoth  Buttes,  which  form  the  water- 
shed between  South  Bitter  Creek  and  Vermillion,  and  examined  the 
bad  lands  carefully.  In  reaohing  this  point  we  crossed  a  portion  of  the 
Cretaceous  formation,  and  I  took  especial  pains  to  determine  the  rela- 
tions of  the  strata  at  these  points. 

We  returned  from  this  region,  and  struck  Green  River  seventeen 
miles  above  Green  River  City.  We  proceeded  northwards  to  the  mouth 
of  Labarge  Creek,  and,  returning  a  short  distance,  ascended  Fontanelle 
Creek  to  near  its  source  in  the  outlying  ranges  of  the  Ham's  Fork 
Mountains.  The  relation  between  the  lake-deposits  and  the  older  strata 
here  claimed  special  attention.  We  then  descended  Ham's  Fork  to  the 
Union  Pacific  Railroad  and  returned  to  Fort  Bridger. 

Special  expeditions  were  made  to  the  region  round  Evanston,  and  to 
Elko,  Nevada,  with  gratifying  success. 

I  leave  discussion  of  the  general  results  until  the  close  of  the  report. 
I  may  premise  that  we  obtained  in  round  numbers  one  hundred  species 
of  vertebrated  animals  of  the  Eocene  period,  of  which  about  sixty  were 
Dew  to  science.  We  added  two  orders  of  mammals  to  those  previously 
^presented  in  this  fauna  in  the  United  Slates,  viz,  the  Quadrumana^ 
(monkeys,)  and  Proboscidia,  the  latter  in  several  types  of  remarkable 
interest. 

The  present  synopsis  includes  only  the  species  of  vertebrata  collected 
by  the  expedition,  with  one  or  two  exceptions,  which  is  respectfully 
submitted. 

EDWARD  D.  COPE, 
Paleontologist^  United  States  Geological  Survey, 

Dr.  P.  V.  Hayden, 

In  charge  of  Geological  Survey  of  the  Territories. 

35  a  s 
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MAMMALIA. 

QUADRUMANA. 

In  the  Proceediugs  of  the  American  Philosophical  Society,  1872,  p. 
554,*  the  writer  described  a  species  of  Qaadrumanous  Mammal  under 
the  name  of  Anaptomorphus  CBmulus^  comparing  its  dental  and  other 
characters  with  those  of  Simla.  In  the  American  Journal  of  Science 
and  Arts,  for  November,!  1872,  Professor  O.  C.  Marsb  announced  that 
he  believed  that  three  genera  previously  described  by  hiui,  viz,  Thin<h 
lestesj  Limnotherium^  and  Telmaiolestes^X  ^^^  referable  to  the  Qnadran- 
ana,  saying  that  tbey  ^'have  the  principal  parts  of  the  skeleton  much 
as  in  some  of  the  lemurs.''  Prior  to  either  of  these  determinations,  the 
author  described  a  new  genus  and  species  9S  allied  to  Notharctus^  Leidy, 
under  the  name  of  TomitJteriuniyW  but  made  no  suggestion  as  to  its  ordi- 
nal position. 

On  a  re-examination  of  the  last-named  genus,  I  am  satisfied  that  it 
also  should  be  referred  to  the  Quadrumana,  and  describe  it  as  follows: 

TOMITHBBIUM,  Cope. 

Dental  formula  {j^j  in  an  uninterrupted  series.  Last  molars  with 
five  tubercles,  others  with  four ',  all  low  and  slightly  alternating,  the 
outer  wearing  into  crescents.  Canines  quite  small.  Incisors  very 
prominent,  the  median  pair  with  transverse  cutting-edges.  Symphysik 
coossified,  projecting  in  front.  In  the  molars,  the  adjacent  horns  of  the 
two  outer  crescents  unite  with  the  anterior  outer  turbercle;  the  poster- 
lor  outer  is  insignificant.  There  is  a  projection  but  no  tuber^e  in  front 
of  the  outer  anterior  turbercle.  The  premolars  present  but  a  single 
compressed  conic  crown ;  the  posterior,  however,  widened  behind,  and 
with  a  low  turbercle.  The  first  and  second  premolars  are  one-rooted, 
(not  entirely  a  generic  character.) 

I  base  the  distinction  between  this  genus  and  Notharctus  on  the  small 
canine,  and  the  sub-horizontal  position  of  the  incisors  3  believing  that 
when  other  portions  of  the  skeleton  are  studied,  oUier  differences  will 
appear. 

The  portions  of  the  skeleton  of  the  type  species,  preserved  are:  the 
entire  dentition  of  the  lower  jaw  minus  the  crowns  of  the  outer  incisor, 
canine,  and  first  premolar ;  the  left  ramus  nearly  complete,  the  extreme 
angle  being  wanting ;  the  light  humerus  complete,  with  right  ulna  and 
radius,  the  latter  lacking  the  distal  extremity ;  a  large  part  of  the  left 
ilium ;  the  right  femur  nearly  entire ;  part  of  the  left  humerus,  meta- 
tarsals, &C. 

The  mandibular  rami  are  quite  stout,  but  not  very  deep ;  the  sym- 
physeal  portion  long  and  oblique,  and  the  coronoid  and  condylar  por- 
tions elevated,  with  axis  at  right  angles  to  that  of  the  horizontal  portion. 
The  condyle  is  wdl  elevated,  and  the  coronoid  process  small ;  the  dental 
foramen  is  half  way  between  the  margins  of  the  ascending  ramus,  and 
opposite  the  bases  of  the  crowns  of  the  molars.  The  inferior  marifin  of 
the  jaw  shows  no  tendency  to  iaSection  at  a  point  immediately  below 
this  foramen,  where  it  is  broken  off.  The  mental  foramen  is  divided, 
the  exitfi  being  at  points  opposite  those  between  the  premolars  1-S  and 
2-3. 

•  Published  October  12, 1872.  t  Published  August  7,  1872. 

t  Published  October  8,  1(^2.  ti  Published  August  7, 1872. 
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The  humerus  has  a  round  head,  directed  backwards  and  a  little  out- 
wards. The  tuberosities  are  rather  small,  of  about  equal  size,  and  obtuse; 
they  inclose  a  short  bicipital  groove.  The  bicipital  crests  are  very 
hirgely  developed,  and  extend  to  the  middle  of  the  shaft,  inclosing  an 
open  groove  between  them.  The  external  is  narrow  and  most  elevated, 
the  intenml  more  obtuse  and  directed  inward.  The  shaft  is  thus  sub- 
triangular  in  section.  The  distal  extremity  is  nearly  at  right  angles  to 
the  axis  of  the  proximal,  and  is  much  expanded  transversely.  A  large 
part  of  this  expansion  is  cauf^ed  by  the  truncate  internal  tuberosity,  and 
by  the  less  prominent  external  one.  The  latter  is  continued,  in  a  thin 
aia,  which  only  sinks  into  the  shaft  at  its  middle.  The  condyles  are 
small,  the  external  the  most  prominent  There  is  a, shallow  olecranar 
fossa,  and  no  coronoid,  and  hence  no  supracondylar  foramen.  There  is 
an  arterial  foramen  above  the  internal  tuberosity. 

The  tdna  is  compressed,  and  contracts  rapidly  to  the  extremity.  The 
olecranon  is  broad  and  obtuse,  and  the  humeral  cotylus  oblique  to  the 
long  axis.  The  coronoid  process  is  low.  The  shaft  is  remarkably 
curved  fronoi  right  to  left,  inward.  The  raditia  has  a  discoidal  head,  with 
central  depression,  and  it  was  evidently  capable  of  complete  rotation. 
It  exhibits  a  tuberosity  and  slight  flexure  below  the  head.  The  distal 
extremity  has  a  horizontal  triangular  section,  with  the  apex  internal  and 
truncate ;  the  shaft  near  it  is  quite  flat 

The  left  ilium  is  obspatulate  and  flat,  widest  at  the  convex  crest,  and 
slightly  concave  on  tlie  outer  side.  It  is  rather  thin,  and  the  Impres- 
^ou  for  the  sacral  diapophyses  is  elongated.  The  inferior  border  thick- 
eas  gradually  to  the  acetabulum ;  the  superior  is  excised  so  as  to  form 
an  open  concavity. 

The  right  femur  is  remarkable  for  its  length.  Its  shaft  is  flattened 
from  before  backward,  and  without  flexure.  The  great  trochanter  is 
large,  and  embraces  a  deep  inlooking  fossa.  There  is  a  flat  tuberosity 
looking  outward  just  below,  and  the  little  trochanter  is  a  little  below 
opposite  to  it.  The  condyles  are  sub-similar  in  size,  the  trochlear  sur- 
face wide,  but  not  flat,  and  the  inner  border  thickened  and  considerably 
elevated.  The  femur  is  1.75  times  as  long  as  the  humerus;  it  was 
scarcely  longer,  though  a  small  piece  is  wanting  from  the  shaft  of  our 
specimen. 

BemarJcs. — Having  described  the  more  important  parts  of  the  skeleton 
preserved,  I  now  proceed  to  consider  its  systematic  position,  and  the 
order  to  which  it  should  be  referred. 

The  first  impression  derived  from  the  appearance  of  the  lower  jaw  and 
dentition,  and  from  the  humerus,  is  that  of  an  ally  of  the  coati,  Nasua, 
The  humerus,  indeed,  is  almost  a  facsimile  of  that  of  Nasua^  the  only 
difference  being  a  slight  outward  direction  of  the  axis  of  the  head.  The 
some  bone  resembles  also  that  of  many  marsupials,  but  the  flat  ilium, 
elevateil  position  of  dental  foramen,  and  absence  of  much  inflection  of 
the  angle  of  the  lower  jaw,  &c.,  render  affinity  with  that  group  highly 
improbable,  The  length  of  the  femur  indicates  that  the  knee  was  en- 
tirely free  from  the  body,  as  in  the  qnadrumana,  constituting  a  marked 
distinction  from  anything  known  in  the  Carnivora^  including  Nastui, 
The  round  head  of  the  radius  indicates  a  complete  power  of  supination 
of  the  fore  foot,  and  is  different  in  form  from  that  of  Carnivora^  includ- 
ing J^a«ua  ;  and,  finally,  the  distal  end  of  the  radius  is  still  more  difierent 
from  that  of  Nasua^  and  resembles  closely  that  of  ^emnopithecus. 

We  have,  then,  an  animal  with  a  long  thigh  free  from  the  body,  a  fore- 
foot capable  of  complete  pronation  and  supination,  and  a  form  oif  lower 
jaw  and  teeth  quite  similar  to  that  of  the  lower  monkeys.    The  form  of 
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the  humeras  and  its  relative  length  to  the  femnr,  are  quite  as  in  some  of 
the  lemurs.  The  most  marked  difiPerence  is  seen  in  the  increased  num- 
ber of  teeth )  but  in  this  point  it  relates  itself  to  the  other  QuadrumanOy 
as  the  most  ancient  types  of  Gamivora  and  Ungulaies  do  to  the  mare 
modern ;  e.  g.j  Hycenodam  to  the  former,  s^nd  PalcBosyops  to  the  latter. 
In  its  special  dental  characters  it  shows  a  close  resemblance*  to  small 
types  of  the  Eocene,  which  have  been  regarded  as  low  PerissodactyleSy 
as  HyopsodtUy  &c. 

TOMITHERTTTM  ROSTRATUM,  Cope. 

Proceedings  of  the  Ai^erican  Philotophical  Societyi  1872,  p.  470,  (pablished  by  the 

author,  AoguBt  7,)  1.  c,  187;),  (read  April  18.) 

This  species  was  about  the  size  of  the  prehensile-tailed  monkey",  so 
frequently  seen  in  shows.  The  first  and  second  premolar  have  but  one 
root,  the  base  of  the  second  being  about  the  size  of  the  base  of  the 
canine.  The  latter  are  cylindric  at  base.  The  incisors  form  a  parabolic 
outline,  and  have  entire  edges,  the  middle  pair  transverse  ones.  Enamel 
generally  smooth,  premolars  somewhat  striate ;  an  indistinct  inner  cin- 
gulum. 

Measurements. 

M. 

Length  of  entire  dental  series,  (straight) (f%i 

Length  of  symphysis  mandibali , 020 

Depth  ramus  at  second  molar 016 

Length  crown  of  second  molar 006 

Width  crown  of  second  molar : 0045 

Width  between  two  second  molars 014 

Width  between  two  canines 005 

Width  of  ascending  ramus  above  dental  foramen 016 

Length  of  humerus 083 

Diameter  of  head 013 

Diameter  of  shaft  at  middle 1...    /00H5 

Diameter  of  distal  end,  transverse 023 

Diameter  of  distal  end,  antero-posterior 0078 

Depth  of  olecranon 009 

Depth  of  ulna  at  coronoid 010 

Diameter  extremity  of  radius,  pro&imally 009 

Diameter  extremity  of  radius,  distally OtO 

Length  of  ilium  from  acetabulum 043 

Width  near  crest 017 

Length  of  femur  preserved 137 

Width  just  below  neck 017 

Width  at  middle  . : ^ Oil 

Width  at  extremity 019 

Width  of  trochlea 009 

Longest  chord  of  condyles  and  trochlea 019 

The  specimens  on  which  this  species  was  founded  were  found  togethte 
by  the  writer  near  to  Church  Buttes,  Wyoming. 

NOTHARCTIJS,  Leidy. 

Geological  Survey,  Montana,  1871,  p.  364.  i 

This  genus  is  but  little  known,  but  is  probably  one  of  those  which  as- 
sociates characters  of  lower  quadrumana  with  Cercoleptes  and  other 
types- 
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NOTHABCTUS  LONGICAUDUS,   Cope. 
Pantoletlea  loHgicaudftif  Cope.    Proceed.  Amer.  Pbilos.  Soc,  1872,  p.  467,  (August  3.) 

This  form  is  one  of  those  mixed  types  which  are  so  abundant  in  the 
Bridget  Group.  Its  dental  formula  is  M.  3,  P.  M.  4,  c.  1,  incisors  un- 
known. The  molars  in  the  only  specimen  known  are  so  worn  as  to  i)re- 
clude  exact  description.  They  evidentl>  possessed  anterior  and  posterior 
lobes,  8ei>arated  by  a  valley,  which  was  most  expanded  on  the  inner  side. 
The  last  molar  exhibits  a  short  heel  posteriorly,  which  probably  sup- 
ported a  small  tubercle.  The  three  premolars  are  all  two-rooted  and 
compressed  in  form.  The  last  presents  a  crown  composed  of  one  large 
anterior  compressed  cusp,  and  a  much  lower  posterior  one.  There  is  a 
slight  cingulum  in  front,  fhe  canine  is  lost,  but  its  alveolus  indicates 
that  it  was  a  stout  tooth. 

So  far  as  the  known  dental  structure  goes,  this  species  resembles  nearly 
the  NotharctMS  of  Leidy,  but  possesses  a  more  carnassial  fourth  premolar. 
Themandibular  ramns  is  quite  slender,  and  there  is  a  large  foramen 
b^low  the  first  true  molar.    The  masseteric  ibssa  is  pronounced. 

I  originally  assigned  b'lt  3  P.  M.  to- this  species,  but  now  iSud  that  it 
possesses  four,  thus  resembling  Notharctus,  It  diflfers  from  all  the 
species  described  by  MarsL,  in  having  the  second  premolar  two-rooted, 
and  from  Leidy's  two  species  in  its  slender  proportions. 

The  remains  of  this  species  were  found  together  by  the  writer  in  the 
Bridger  beds  on  Black's  Fork,  Wyoming. 

ANAPTOMORPHUS,  Cope. 

Proceedings  of  the  Americ-an  Philosophical  Society,  1872,  p.  554,  published  by  the 

author  October  12. 

This  genus  is  represented  by  the  left  ramus  mandibuli  of  a  single 
species.  The  posterior  portion  is  broken  away,  and  the  teeth  remainiug 
perfect  are  the  P.  M.  2,  and  M.  1  and  2.  The  ramus,  though  small,  is 
stout,  and  deeper  at  the  symphysis  than  at  the  last  molar.  What  ap- 
pears'to  be  the  dental  foramen  is  nearly  opposite  the  bases  of  the  crowns 
of  the  molars.    The  mental  foramen  issues  beneath  the  first  premolar. 

Dentition  of  the  ramus  mandibuli.  In.  2,  C.  1,  P.  M.  2,  M.  3,  total,  16. 
It  differs  from  monkeys  in  some  respects;  there  is  no  interruption  in  the 
series  near  the  canine,  and  the  symphysis,  though  massive,  is  not  cods- 
Hilied.  Further  details  are,  the  last  molar  is  threelobed  and  elongated 
behind.  The  composition  of  the  crowns  of  the  preceding  molars  consists 
of  lour  opposed  lobes,  which  are  very  stout,  and  connected  transversely 
by  a  thin  ridge  behind,  or  in  close  contact  in  front.  The  premolar  tooth 
which  is  best  preserved,  is  a  perfect  second,  which,  whije  having  two 
roots,  possesses  a  crown  which  stands  almost  entirely  on  the  anterior, 
presenting  a  curved  sectorial  crest  forward  and  upward. 

The  dentition  is  more  typically  quadrumanous  in  this  genus  than  in 
the  last,  and  it  might  be  referred  decidedly  to  Lemuridw  were  it  not  for 
the  nnossified  symphysis.  It  no  doubt  represents  a  distinct  group  or 
family  from  Tomitherium^  and  one  more  nearly  related  to  the  existing 
types  of  Madagascar  and  South  Africa. 

Anaptomobphus  -aEMULUS,  Cope,  loc.  cit. 

This  species  was  about  as  large  as  a  marmoset  or  a  red  squirrel.  The 
enamel  of  the  teeth  is  entirely  smooth. 
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MeasuremewtB. 

Length  dental  line , 0.0148 

Length  of  last  molar 0030 

Length  of  ante-penalt .0025 

Width  of  ante-penult 0030 

Length  of  three  molars  preserved 0070 

From  the  Bridger  Beds  of  the  upper,  valley  of  Green  Eiver. 

OARNIVORA. 
MESONYX,  Cope. 

This  genus  was  described  by  the  writer  in  the  Proceedings  of  the 
American  Philosophical  Society  for  1872,  p.  460,  and  published  in  an 
advance  edition  of  the  same  paper  on  July  29,  1872.  It  was  there 
referred  to  the  Garnivora,  and  stated  to  resemble  Eywnodon  in  some 
respects.  I  propose  on  the  present  occasion  to  attempt  a  more  exact 
determination  of  its  structure  and  relationships.  The  only  species  yet 
certainly  referable  to  it  is  Mesonyx  obtusidenSy  Cope,  1.  c,  which  is  repre- 
sented by  a  fragmentary  skeleton.  There  are  preserved  portions  of 
the  skull  with  the  teeth,  chiefly  mandibular ;  numerous  vertebne  from 
all  parts  of  the  column ;  parts  of  scapula,  ulna  and  fore  feet ;  portions 
of  i)elvis,  femora,  tibiae,  tarsals,  metatarsals,  and  phalanges. 

The  numerous  unguiculate  digits,  the  sectorial  character  of  the  molar 
teeth,  and  the  characteristic  form  of  the  astragalus  demonsti*ate  this 
genus  to  belong  to  the  Camivora  fissipedia.  It  becomes  interesting,  then, 
to  determine  the  relations  of  an  Eocene  type  of  the  order  to  the  families 
now  living. 

The  cervical  vertebrw  are  damaged.  The  dorsals  are  strikingly  smaller 
than  the  lumbars,  being  less  than  half  their  bulk.  They  are  opistho- 
cceliau  with  shallow  cups,  and  the  centra  are  quite  concave  laterally 
and  inferiorly.  The  centra  of  the  lumbars  are  uiore  truncate,  with  a 
trace  of  the  opisthoelian  structure,  and  are  quite  depressed  in  form. 
The  median  part  of  the  series  is  more  elongate  than  in  the  correspond- 
ing vertebrse  of  the  genus  Canis.  They  exhibit  an  obtuse  median  longi- 
tudinal angle,  on  each  side  of  which,  at  a  little  distance,  a  nutritious  ar- 
tery entered  by  a  foramen.  The  zygapophyses  of  the  posterior  lumbars 
have  interlocking  articulations,  the  posterior  with  a  convex  exterior  ar- 
ticular face,  the  anterior  with  a  concave  anterior  one.  The  sacrum  is 
not  completely  preserved  5  three  co-ossified  centra  remain.  These  are 
more  elongate  and  the  diapophyses  have  less  expansion  than  in  FeliSj 
Hymia^  Canis^  orUrsus.  They  are  much  flattened,  and  the  middle  one 
has  two  slight  median  longitudinal  angles.  The  caudal  vertebrse  indicate 
a  long  tail,  with  stout  base.  Its  proximal  vertebrsB  are  depressed,  and 
with  broad  anteriorly-directed  diapophyses.  The  more  distal  vertebne 
have  sub-cylindric  centra ;  the  terminal  ones  are  very  small. 

The  glenoid  cavity  of  the  scapula  is  shallow ;  the  coracoid  process  is  a 
short  hook  separated  by  a  strong  groove  from  the  edge  of  the  former. 
The  spine  is  well  deveioi)ed.  In  the  character  of  the  coracoid,  this 
genus  resembles  Felis  more  than  Canis  or  Ursus.  The  ulna  exhibits 
little  trace  of  articular  face  for  the  radius,  less  than  in  Felis  or  Canis. 
Its  humeral  glenoid  face  is  more  convex  transversely  in  it«  anterior  or 
vertical  portion  than  in  those  genera,  and  a  little  more  than  in  Vrsns. 
In  the  hind  limb  the  femur  resembles  that  of  other  Carnivora  in  all 
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essentials.     The  rotular  groove  is  narrow  and  elevated,  the  inner  margin 
a  little   higher.    The  condyles  are  rather  narrow,  the  inner  with  less 
transTerse  and  antero-posterior  extent,  and  separated  by  a  wide  and 
deep  fossa.     The  patella  is  narrow,  thick,  and  truncate  at  one  end.    The 
proximal  end  of  the  tibia  exhibits  a  very  prominent  and  well  elevated 
crest   or   spine,  which  bounds  a  deeply  excavated  fossst.     The  articu- 
lar  faces    are  separated  by  a  deep  notch  behind;   the  external  is  a 
little  the  larger  and  is  produced  into  a  point  outwards  and  backwards; 
it  lacks  the  notch  of  the  antero-exterior  margin  so  distinct  in  Cants,  but 
possesses  an  emarginatio'n  at  the  outer  base  of  the  crest  homologous 
with  it-     The  general  form  is,  however,  more  like  that  of  Canis  than  of 
FtliSy  and  least  like  that  of  tfrsus.    The  distal  extremity  of  the  tibia 
presents  Carnivorous  characters.    The  two  trochlear  fossae  are  deeply 
Impressed,  the  outer  wall  of  the  external  one  being  formed  by  the  fibula 
only.     The  anterior  marginal  crest  is  more  elevated  than  the  posterior, 
and  presents  an  overlapping  articular  face  between  the  fossse  for  a  cor- 
responding tuberosity  of  the  neck  of  the  astragalus.    The  inner  malleolus 
is  entirely  without  the  groove  for  the  tendon  of  the  tibialis  posticus 
muscle,  and  therefore  different  from  many  of  the  digitigrade  Carnivora. 
It  has  an  ovate  truncate  surface.    On  the  anterior  face  opposite  the 
inner  trochlear  groove  is  a  rather  small  but  deep  fossa. 

The  cuftragalushsi^  an  elongate  oblique  neck  and  a  navicular  extremity 
slightly  expanded  inwards.    The  trochlear  ridges  are  well  elevated,'and 
not  very  oblique  to  the  true  vertical  plane,  being  much  as  in  the  dog. 
The  distal  extremity  is  quite  different  from  Felisy  B'yccna,  Canis,  and 
Ursus  in  having  a  rather  narrow  convex  facet  next  the  cuboid  bone  ex- 
tending from  front  to  rear,  and  in  having  the  navicular  facet  pulley -like 
or  slightly  concave  in  tranverse  section,  while  it  is  strongly  con^'ex 
antero-posteriorly.     This  is  part  of  the  peculiarity  presented  by  the 
hind  foot  in  this  genus.    Behind  the  navicular  facet,  on  the  superior 
face,  is  a  tuberosity  which  stops  the  flexure  of  the  foot  by  contact  with 
the  tibia :  a  trace  of  it  is  seen  in  the  dog.    The  calcaneum  has  the  com- 
pressed form  of  the  digitigrades,  but  the  broader  interval,  and  convex 
external  astragaline  facets  resemble  much  more  those  in  the  bears.    The 
cuboid  facet  is  a  frustum  of  a  triangle  with  the  apex  directed  inwards 
and  downwards. 

The  metapodial  bones  are  rather  elongate,  and  flattened  so  as  to  be 
transverse  in  position.     A  second   metatarsal  is  more  flattened  than 
corresponding  bones  of  Canis  and  Felis.    Its  cuneiform  facet  is  some- 
what concave  transversely.    The  phalangeal  condyles  are  furnished  with 
an  anterior  and  inferior  carina,  w:hich  is  wanting  above ;  the  articular 
face  is  wide  above  as  in  Canis,  and  is  bounded  by  a  transverse  fossa  as 
in  digitigrade  genera.    The  phalanges  of  the  first  series  are  elongate 
and  curved  as  in  Felis,  being  relatively  longer  than  in  Ursus.    Phalanges 
of  the  others  series  are  quite  short.    The  ungues  are  short  and  flattened, 
their  inferior  surface  is  nearly  plane,  and  the  superior  but  little  convex. 
A  shallow  groove  divides  the  upper  face  longitudinally  to  the  ex- 
tremity.    The  margin   below  is  acute  to  a  slightly  contracted  neck. 
There  is  no  indication  of  collar  for  reception  of  the  homy  sheath,  except 
perhaps  a  slight  area  of  fracture  on  each  side,  and  there  is  no  projecting 
tuberosity   below  for  insertion  of  flexor  tendon.     THie  middle  of  the 
proximal  part  of  the  unguis  is  a  raised  plane,  and  on  eaeh  side  of  it, 
at  the  neck,  two  arterial  foramina  enter.  There  is  a  small  foRMnen  in  the 
groove,  and  several  smaller  ones  near  the  margin.    These  ungues  re- 
semble somewhat  those  of  some  tortoises.    They  were  found  with  the 
otber  phalanges,  with  which  they  agree  in  size  and  articulation,  and  no 
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doubt  belong  to  the  same  animal*  It  is  evident  that  they  differ  in 
character  from  those  of  most  existing  Carnivora.  The  peiinltimate 
phalanges  agree  with  them  in  the  depressed  form  of  their  proximal  ar- 
ticular faces,  wanting  entirely  the  triangular  form  so  characteristic  of 
Carnivora^  especially  of  the  cats  and  dogs.  The  short,  flat  shaft  of  the 
same  is  almost  equally  peculiar. 

The  cranium  is  fragmentary.  The  malar  bone  of  the  right  side  is 
similar  in  position  and  ferm  to  that  of  the  CanidcBj  especially  in  the 
pre^sence  of  a  weak  angle  only,  to  mark  the  posterior  border  of  the  orbit. 
It  has  a  much  less  expanded  union  with  the  maxillary  than  in  these 
animals,  and  is  proximally  shallower,  thicker,  and  more  prominent.  Its 
posterior  portion  is  more  plate-like. 

There  are  numerous  teeth  preserved,  but  separate  from  the  skull,  and 
mostly  mandibular.  The  inferior  canine  is  stout  especially  in  the  root, 
which  is  a  flat  oval  in  section.  The  crown  is  but  little  curved,  slightly 
compressed,  and  without  edge  or  groove.  The  premolars  graduate  into 
the  molars,  so  that  the  line  of  distinction  is  not  easily  drawn.  The 
first  premolar  has  a  single  root;  the  crown  is  slightly  conic,  with  a 
small  tubercle  at  the  base  behind.  This  tubercle  increases  in  size  on  the 
premolars  2  and  3,  and  becomes  on  the  true  molars  a  longitudinal 
cutting  edge  extending  along  the  axis  of  the  crown,  not  much  elevated 
above  a  wide  base.  It  occupies  half  the  length  of  the  crown  in  the 
larger  molars,  and  is  preceded  by  an  elevated  conic  cusp.  In  front  of 
the  ba«e  of  this,  a  small  conic  tubercle  projects  forwards,  which  apx)eared 
as  a  rudiment  on  the  third  premolar.  The  number  of  mandibular  teeth 
would  appear  to  be,  P.  M.  3,  M.  4.  No  portions  certainly  referable  to 
the  superior  molars  were  found. 

Conclusion.  In  summing  up,  it  may  be  accepted  as  a  result  of  the 
above  analysis  that  the  genus  Mesonyx  represents  a  family  of  Carnivora 
digitigrada^  distinct  from  any  now  living  on  the  globe.  Tbe  form  of  the 
astragalus  renders  it  probable  that  the  inner  toe  is  wanting  or  rudimen- 
tal,  and  that  there  were  four  digits  on  the  hind  foot.  The  foot  was  also 
short,  and  the  claws  flat,  and  altogether  without  prehensile  use,  but 
rather  adapted  for  aquatic  life.  The  number  of  molars  exceeds  that  in 
any  recent  terrestrial  family  oi' Carnivora  except  the  Froielidoe^  and  their 
sectorial  form  allies  it  at  once  to  the  extinct  ffyoenodontidos.  To  this 
family  the  genus  Mesonyx  may  possibly  be  at  present  referred.  Among  re- 
cent famihes  it  approaches  nearest  the  Canidcd^hnt  has  structures  borrow- 
ed from  others,  while  its  numerous  molars  constitute  a  point  of  greater 
generalization  than  any.  Although  sectorials,  this  character  is  not 
nearly  so  marked  as  in  the  existing  Carnivora^  the  cutting  edge  being 
obtuse  and  occupying  half  the  crown  only,  while  the  elevated  cone  occu- 
pying the  remainder  distinguishes  the  genus  from  these  and  from  HyiZ- 
nodon  also.  The  lobe  corresponding  to  this  cone  is  preceded  in  Hyamodon 
by  a  cutting  edge,  in  Mesonyx  by  a  tubercle. 

Mesonyx  obtusidens.    Cope. 

Proceedings  Americau  Pbiloeophical  Soc.^  1872,  460,  (Jaly  29.) 

This  species  was  as  large  as  our  largest  wolves.  While  the  proportions 
of  the  limbs  were  not  very  diflerent,  the  body  was  rather  more  slender 
behind.  The  orbit  was  smaller,  and  the  cheek  bone  more  prominent 
than  in  those  animals.  The  long  tail  added  to  the  general  resemblance 
to  the  dogs.    The  measurements  are  as  follows : 
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Measurements, 

M. 

• 

Len^h  malar  bone 0.073 

D^th  malar  bone  in  front 016 

Depth  malar  bone  at  postorbital  au^le , 023 

Depth  malar  bone  at  middle  of  orbit 015 

Thickness  malar  bone  at  middle  of  orbit ...•• 013 

Tranaverse  diameter  glenoid  cavity  of  scapula 025 

Tranaverse  diameter  ulnar  cavity  for  bnmerns 014 

Length  oentmm  dorsal  vertebne 019 

Diameter  centrom  do.,  transverse 018 

Diameter  oentmm  do^  vertical 014 

Length  centrnm  of  a  median  lumbar : 030 

Diameter  centrum  do.,  transverse 025 

Diameter  centrnm  do.,  vertical 016 

Diameter  centrum,  first  sacral  vertical , 014 

Diameter  centrnm,  first  sacral  transverse ;.:<. 0*26 

Expanse  of  do t.     .046 

Length  of  two  sacral  vertebras 049 

Length  of  proximal  caudal 022 

Expanse  dii^pophysee  caudal 036 

Diameter  centrum  do.,  vertical OOd 

Diameter  centrum  do.,  transverse 015 

Diameter  centrum  distal  caudal,  vertical 007 

Diameter  centrnm  do.,  transverse 007 

Chord  of  femoral  trochlea  and  condyles 038 

Width  trochlear  groove 013 

Width  condyles : 029 

Width  tibia  proximally 038 

Diameter  do.  antero-posteriorly 039 

Diameter  shaft, .  050  M.  from  end 017 

Diameter  distal  extremity  transversely 026 

Diameter  distal  extremity  antero-posteriorly 018 

Lisngth  patella 025 

Width  patelhi 016 

Length  astragalus 0:M) 

Width  astra^^us  above 016 

Width  astragalus  distally 017 

Width  astragalus  neck 012 

Width  cuboid  facet  of  calcaneum 016 

Depth  caboid  facet  of  caloanenm Oil 

Width  of  a  second  metacarpal  (shaft) 012 

Depth  of  a  second  metacarpal  (head) 014 

Width  of  a  second  metacarpal,  distal  end 010 

Length  proximal  phalange 0290 

Width  proximally 0100 

Width  proximally  of  a  penultimate  do 0085 

Length  of  a  penultimate  do .0110 

Length  nngueal  phalange 0150 

Width  medially 7. 0065 

Width  iwoximally 0070 

length  crown  of  canine  tooth,  (worn) ^^200 

Diameter  of  base  fore  and  aft 013 

Diameter  premolar,  (1) ^ 006 

Length  crown  do..... 006 

Length  bo«e  premolar,  (2) Oil 

Height  crown  premolar,  (2) 009 

Length  crown  true  molar 018 

Width  crown  true  molar . 008 

Height  of  cutting  edge 005 

TJiere  are  do  cingnla  on  the  teeth,  and  the  enamel  is  perfectly  smooth. 
The  appearance  of  the  crowns  as/well  as  the  bones  indicates  an  adult 
aninsd. 

The  bones  of  this  animal  were  found  togei:her  on  a  bluff  of  Cotton- 
wood Creek,  Wyoming,  by  myself,  while  attached  to  Hayden's  geologi- 
cal survey  of  the  Territories  for  1872. 
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SYNOPLOTHERIUM.    Cope. 

Proceedings  Amerkan  Philosophical  Society,  1872,  483,  (published  Angnst  20.) 


Kepresented  as  yet  by  a  single  species,  which  is  known  from 
mentary  remains  of  a  single  individaal.  The  portions  preserved  are: 
a  large  part  of  the  skull  with  nearly  complete  dentition,  the  8ai>eriar 
molars  loose ;  lumbar  and  caudal  vertebrse  ^  large  portions  of  botli  fore 
limbs,  including  the  bones  of  the  feet;  smaller  portions  of  tbe  kind 
limbs  and  feet. 

The  bon^s  of  the  fore  limbs  are  stout  in  their  proportions.     Tbe 
humerus  has  a  well-marked  rugose  line  for  muscular  insertion   on   its 
posterior  face,  but  no  prominent  angle.    Distally  the  inner  and  outer 
condylar  tuberosities  are  almost  wanting,  and  there  is  neiUier  external 
aliform  ridge,  nor  internal  arterial  foramen.    The  olecranar  and   goto- 
noid  fossae  are  confluent,  forming  a  very  large  supracondylar  forameo- 
The  condyles  are  moderately  coustricted  medially,  and  there  is  a  well- 
marked  submedian  rib  separated  from  the  outer  condyle  by  acoDStric- 
tion.    The  latter  is  continued  as  an  acute  ridge  on  the  outer  side  of  the 
olecranar  fossa.    The  inner  condyle  is  the  more  prominent,  and  its  onter 
margin  is  a  sharp,  elevated  crest.    The  ulna  has  a  very  prominent   su- 
perior  process,  continuing  the  cotylus  upward.    The  coronoid  process,  on 
the  other  hand,  is  rather  low.    The  radial  cotylus  is  flat  and  broad. 
The  distal  end  is  not  preserved.    The  radium  has  a  more  transverse  head 
than  Canis  or  FeliSj  and  has  three  articular  planes,  the  inner  bein^  a 
wide,  oblique  truncation  of  theedge.    The  shaft  is  augulate  below,  and 
becomes  a  litttle  deeper  than  wide  near  the  distal  end.    The  extremity 
is  lost.  The  carpal  bones  are  probably  all  present.    The  fore  foot  was 
found  in  place  so  that  the  relations  of  the  bones  are  known  with  cer- 
tainty.   The  scaphoid  and  lunar  appear  to  be  distinct.    The  former 
exhibits  proximally  the  inner  tuberosity,  then  a  slight  concavity,  and 
then  tbe  convexity,  where  it  is  obliquely  truncated  so  as  to  give  a  gen- 
eral rhomboid  outline.    Beneath  there  are  but  two  facets,  the  inner  the 
deepest,  and  divided  lengthwise  by  the  truncation  of  the  bone.    The 
larger  facet  fits  correctly  the  0. 0.  trapezium  and  trapezoides.    Thelnna^ 
was  not  found  in  its  place,  but  two  fragments  taken  from  the  matrix 
just  behind  it,  adhering  to  the  pisiforme  probably  belong  to  it.    The 
upper  face  is  concave.    The  cuneiform  is  large  and  concave  lengthwise 
above  for  the  narrow  extremity  of  theulna.    Below  it  has  alarge  concave 
facet  for  the  unciform.    The  pisiforme  is  of  unusual  size,  and  is  as  stout 
as  the  largest  m^^tacarpus,  and  nearly  half  as  long  as  the  outer  (oth) 
metacarpal.    It  articulates  with  a  thick  Y-shaped  facet  of  the  cuneiform. 
Its  extremity  is  obtuse  and  expanded.    The  trapezium  is  large  and  at- 
tached to  its   metacarpus    laterally,   sending  a  process    downwards 
posteriorly.    If  supports  a  narrow  articular  surface  for  the  metacarpus 
of  a  small  pollex  or  inner  digit,  which  is  not  preserved.    The  trapezoid 
is  smaller  and  of  a  triangular  outline,  with  the  base  forwards.    The 
magnum  is  a  rather  s^iall  bone  articulating  as  usual  with  the  metatar- 
sals 2  and  3.    It  is  depressed  in  front.    The  unciform  is  a  large  bone 
with  a  considerable  external  anterior  surface.    Two-thirds  of  its  upper 
surface  are  in  contact  with  the  cuneiform,  the  remaining  part  projecting 
upwards  with  convex  face  to  unite  with  the  iunare.    Below  it  supports 
metatarsals  4  and  5. 

There  were  probably  five  digits  of  the  fore  foot,  the  inner  small  or 
rudimental.  The  proi>ortions  are  stouter  than  in  the  dogs,  bat  not  so 
much  so  as  in  the  bears.    The  plMlanges  have  a  lengUi  similar  to  that 
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seen  in  some  bears,  bnt  the  metatarsals  are  more  elongate.  The  lengths 
of  the  latter  are,  5th  shortest,  then  2d,  3d,  aud  4th.  Their  condyles 
are  broad,  with  median  keel  behind,  and  shallow  supracondylar  fossa 
in  front.  The  first  phalanges  are  aboat  one-third  the  length  of  the 
metacarpals }  the  second  of  digit  No.  2,  broad  and  stout,  and  half  as 
long  as  the  phalange  of  the  first  row.  An  ungneal  phalange  has  a 
singalar  form,  so  that  the  claw  might  be  supposed  to  have  a  subungu- 
late  character.  It  is  flat,  considerably  broader  than  high,  and  with  ex- 
panded and  obtnse  extremity.  The  articular  extremity  is  depressed  and 
transverse,  concave  in  vertical,  convex  in  transverse  section.  The  an- 
terior three-fifths  of  the  superior  middle  line  are  occupied  by  a  deep  gap- 
ing fissure,  which  separates  the  extremity  into  two  points.  The  inferior 
&Qe  is  entirely  flat,  there  being  no  tendinous  tuberosity.  The  sides  are 
grooved,  and  give  entrance  each  to  a  large  arterial  foramen  proximally. 
These  daws  resemble  tho^Q  of  Meeonyxy  and  difi:er  remarkably  from 
those  of  existing  terrestrial  Carnivora. 

Of  hinder  liw^  the  only  characteristic  pieces  remaining  are  the  navic- 
ular, cuboid,  and  an  external  cuneiform  bone.  The  cuboid  is  rather 
stout,  with  a  slight  concave  facet  at  one  extremity  and  two  at  the  other, 
one  of  them  smaller  and  sublateral.  The  navicular  is  wide  and  flat,  and 
with  a  strongly  concave  astragaline  facet.  Below,  it  presents  two  deep 
oblique  concave  facets  for  the  cuneiforms,  with  a  small  sublateral  one  on 
the  outer  side.  The  facets  of  the  cuboid  and  astragalus  indicate  four 
well  developed  digits  and  another  perhaps  smaller  one.  Thus  in  this 
genus  they  were  on  both  limbs^probably  5-5,  with  the  inner  small. 

The  cranium  is  fractured  abov^e.    There  remain  the  squamosal  and 
periotic  bones,  occipital  condyles,  malar  and  part  of  maxillary,  both  pre- 
maxiUaries  aud  the  greater  part  of  both  mandibular  rami.    The  post- 
glenoid  process  of  the  squamosal  is  produced  inferiorly  far  below  the 
auditory  meatus,  even  further  than  in  the  bears.    Its  proximal  portion 
includes,  on  the  lower  face,  a  strong  groove  at  right  angles  to  the  axis 
of  the  cranium,  with  its  definingmargins  acute  and  prominent.    This  is 
the  transverse  glenoid  cavity  of  the  carnivorous  type.    The  zygoma  has 
a  wide  curvature  indicating  a  powerful  temporal  muscle.    The  posterior 
angle  of  the  malar  extends  well  posteriorly.    Its  anterior  portion  pro- 
jects, fornxing  a  longitudinal  rib ;  there  is  no  produced  postorbital  pro- 
cess.   The  tympanic  bone  is  produced  upwards  and  outwards  and  forms 
a  tube  with  everted  lips.    The  opisthotic  (mastoid)  separates  it  entirely 
from  the  exoccipital,  and  overlaps  the  posterior  half  of  the  tube  by  a 
laminar  expansion.    A  pit  in  this  bone  near  Ihe  meatus  extemus  repre- 
sents the  insertion  of  the  stylohyal  ligament.    There  is  no  bulla,  the 
tympanic  chamber  being  small  and  with  thick  walls.    The  character  of 
this  region  tbrbids  the  idea  of  any  tapiroid  affinities  on  the  part  of  this 
genus,  and  resembles  that  seen  in  the  bears  more  than  that  of  any  other 
carnivorous  type. 

T^hepremaxillariea  are  vertico-oblique  in  position,  presenting  the nareal 
opening  directly  forwards  as  in  cats,  but  with  a  still  less  prominent 
«iveolar  border.  The  horizontal  part  of  this  border  is  indeed  very  short, 
including  but  two  small  incisors.  It  then  rises  vertically,  and  turns 
obliquely  backwards  to  the  maxillary,  inclosing  a  deep  sinus  with  the 
canine  tooth.  From  the  anterior  side  of  this  sinus  the  larger  external 
incisor  issues,  with  its  root  extensively  exposed  externally.  A  rib 
s^scends  from  the  front  of  its  alveolus  to  the  anteiior  or  nareal  margin 
of  the  bone.  The  triturating  surfaces  of  the  incisors  are  directed  back- 
wards, and  the  alveolar  edge  is  thickened  in  front  of  them  with  a  tuber- 
•  osity.    The  teeth  are  much  worn  so  that  the  forms  of  the  crowns  cannot 
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be  determined,  bat  projecting  .25  inch  beyond  the  alveoli  they  are  com- 
pressed^  the  large  outer  tooth  with  a  longitadinal  angle  in  front. 

The  mandibular  rami  are  quite  elongate,  and  indicate  a  cranium  near 
the  size  of  that  of  the  brown  bear,  ( Ursus  arctos.)  Their  form  is  Blender. 
and  they  have  a  long,  rather  narrow,  symphysis,  which  projects  oblique! j 
forwards.  The  angle  is  not  preserved.  The  mental  foramen  is  lar^e  and 
issues  just  behind  the  canine  teeth 

The  dentition  is  I.  ?^ ;  G.  j ;  M.  '^.  The  canine  is  of  very  lar^e  size, 
especially  the  part  protruded  beyond  the  alveolus.  The  crowu  is  stoot 
at  the  base,  but  is  soon  compressed  and  obliquely  truncated  by  the 
attrition  of  the  inferior  canine  on  its  inner  face.  Two  superior  molars 
preserved  are  three-rooted,  and  the  section  of  the  crown  is  more  or  less 
equaJly  trilobate.  '  The  number  in  the  maxillary  bone  is  estimated  at 
seven,  the  number  Ibund  in  the  ramus  of  the  mandible.  There  are  six 
two-rooted  molars  below  and  probably  one  single-rooted  premolar, 
though  this  is  indicated  by  an  alveolus  only.  The  molars  are  rather 
narrow  antero-posteriorly,  and  are  not  very  different  in  size,  except  that 
the  penultimate  is  a  little  longer,  and  the  last  a  little  shorter  than  the 
others.  There  was  evidently  a  longitudinal  cutting  edge  behind,  and 
some  other  shorter  process  on  the  front  of  the  crown ;  the  edge  is  pre- 
served on  the  last  tooth  and  resembles  that  of  Mewmyx^  so  that  I  have 
little  doubt  that  the  remainder  of  the  tooth  was,  as  in  that  genus,  a  conic 
tubercle.  The  most  remarkable  feature  of  the  genus  is  seen  in  the 
inferior  canines.  These  are  very  large  teeth,  and  are  directed  immedi- 
ately forwards,  as  in  the  case  of  the  cutting  teeth  of  rodents.  They  work 
with  their  extremities  against  the  retrorse  crowns  of  the  two  external 
incisors  above,  and  laterally  against  the  superior  canine.  They  are 
separated  by  a  space  about  equal  to  the  diameter  of  one  of  them.  In 
this  spaee  I  find  no  alveoli  nor  roots  of  teeth  ;  the  outer  alveolar  wall 
extends  far  beyond  the  inner.  The  latter  terminates  opiiosite  the  middle 
of  the  superior  canine.    It  may  be  that  there  are  no  inferior  incisors. 

Some  of  the  vertebrsB  display  stout  triangular  neural  spines ;  on  the 
lumbars  the  posterior  zygapophyses  are  embraced  laterally  by  the 
grooved  correspondents  of  the  succeeding  vertebra.  Some  of  the  caudal 
vertebrae  are  long,  slender,  and  without  neural  arch,  indicating  that  this 
genus,  like  Mesonyxj  had  a  long,  slender  tail. 

Affinities.  Having  described  the  available  parts  of  this  form,  it  re- 
mains to  consider  its  place  in  the  zoological  system.  The  structure  of 
the  dentition  of  the  upper  jaw,  with  the  mode  of  articulation  of  the  man- 
dible, removes  it  from  such  orders  as  Bodentia  and  JEdentata.  The  only 
remaining  ones  with  which  it  is  necessary  to  compare  it  are  the  Perit- 
sodactyloy  Prohoscidia^  and  Carnivora.  As  many  of  the  diagnostic  bones 
are  wanting,  it  ii^  necessary  to  rely  on  collateral  and  empirical  indica- 
tions of  relationship.  From  tapiroid  types  the  development  of  the 
tympanic  region  distinguishes  it.  From  JProboscidians  the  slender  feet 
and  rednqed  ulna,  as  well  as  the  longitudinal  crests  of  the  teeth  separate 
it.  It  then  remains  to  compare  it  with  Perissodactyles  of  the  types  which 
possess  strong  canine  teeth.  In  i)oint8  of  resemblance  to  these  we  have 
the  flat  claws  and  separate  scaphoid  and  lunar  bones;  nevertheless  the 
greater  number  indicate  truer  affinity  to  the  Camivora.  Such  are  the 
external  transverse  glenoid  cavity,  the  teeth  with  longitudinal  crests, 
the -slender  digits,  the  well-developed  tympanic  bone;  confirmatory  are 
the  large  canine  teeth,  the  incomplete  orbit,  and  the  projecting  inner 
condyle  of  the  humerds.  The  form  of  the  claws  is  not  absolutely  in- 
compatible with  the  same  order,  as  it  is  approximated  by  some  of  the 
Seals. 
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Among  Camiwra,  the  feet  are  like  both  dogs  and  bears.  The  very 
prominent  postglenoid  ridge,  and  the  narrow  tympanic  chamber*  are 
decided  points  of  resemblance  to  the  bears,  bat  the  cavum  tympani  is 
even  less  expanded  than  in  those  animals.  The  characters  of  dentition 
are  more  like  those  of  the  Hycenodontidcd  and  Mesonyx  than  any  other 
groapy  and  even  the  remarkable  incisor-like  inferior  canines  are  approxi- 
mated by  the  anteriorly  directed  canines  of  Hycsnodon  leptorkynchnsy 
Laiz.  et  Par. 

As  a  summary,  it  may  then  be  concluded  that  the  genus  Synoploihe' 
rium  is  a  Carnivore,  presenting  a  number  of  points  of  resemblance  to 
the  bears,  and  to  the  extinct  Hymnodons  ;  but  that  its  distinct  scaphoid 
and  lunar  bones,  and  fiat  claws  ally  it  to  other  forms  of  Mammalia,  show- 
ing it  to  be  a  more  generalized  type  of  the  order  than  either  of  the 
al^ve.  The  peculiar  approach  of  the  lower  canines  is  a  special  modifi- 
cation for  i)eculiar  habits,  which  I  suspect  to  have  been  the  devouring 
of  the  turtles  which  so  abounded  on  land  and  in  the  waters  of  the  same 
period.  The  slender  symphysis  could  most  readily  be  introduced  into 
the  shell,  while  the  lateral  pressure  of  the  upper  canines  with  the  lower, 
would  be  well  adapted  for  breaking  the  bony  covering  of  those  reptiles.? 
It  is  not  anUkely  that  this  genus,  ilesonyxj  and  possibly  JSyoenodon  form 
port  of  the  lost  series  which,  terminated  in  the  Seals  of  the  present. 

Synoplotherium  laotus.    Cope. 

Proceed.  Amer.  Pbilos.  Soc.,  1872,  p.  483. 

The  cranium  of  this  species  is  rather  less  than  that  of  the  grizzly 
bear,  whUe  the  other  bones  do  not  indicate  so  large  an  animal. 

Measurements. 

M. 

Length  glenoid  cavity - 0.045 

Width  glenoid  cavity 035 

Diameter  zygomatic  foflea 058 

Width  opisthotic  inside  for.  stylohyoideum 014 

Diameter  meatus  aaditorias  extemus 1 - 012 

Diameter  cavnm  tympani.... 009 

Length  ramus  mandibaU  preserved ' 228 

Length  of  aeries  of  seven  molar  teeth 131 

Length  of. last  molar  crown 0155 

Width  of  last  molar  crown OOHO 

Length  of  jtennltimate  crown 0215 

Width  of  pennltimate  crown , 0100 

Length  exposed  part  of  inferior  canine 024 

Length  exposed  part  of  superior  canine 032 

Length  exposed  part  of  outer  upper  incisor - 023 

Diameter  tri tnrating-snrface  inferior  canine 028 

Diameter  triturating-surface  do.,  transverse 0166 

Diameter  superior  canine,  (antero-posterior) 024 

Diameter  of  the  two  inner  incisors 010 

Diameter  of  exterior  incisor,  (oblique) 010 

Diameter  symphysis  mandibuli - 044 

Diameter  nareal  orifice 040 

Depth  nareal  orifice 031 

Depth  mandibular  ramus  at  M.  6 049 

thickness  below  of  ramus  at  M.  6 014 

Length  of  a  superior  molar  crown 020 

•  See  Professor  Flower's  Osteology  of  Mammalia  on  this  point. 
^8ee  Proceed.  Amer.  Philos.  See.,  1872,  p.  484. 
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Diameter  condyle  of  hamenis ^ 047 

Diameter  shaft  of  Immerus  (compressed) 0410 

Diameter  condyles  of  humerus - OtiB 

Diameter  condyles  of  humerus,  (antero-poeterior) 0391 

Diameter  head  radius,  (transverse) 09Hi 

Diameter  head  radius,  (vertical) OUft 

Diameter  shaft  radius 016 

Diameter  cotyl us  of  ulna,  (long) €9$ 

Depth  ulna  at  coronoid  process QM 

Length  carpus  and  digit  2  without  unguis 1|§ 

Length  two  phalanges  do Qtf' 

Length  metacarpal  do 081 

Length  metacarpal  No.  3 .OM 

Length  metacarpal  No.  4 079 

Length  metacarpal  No.  5 053 

Length  scaphoid,  transversely — 023 

Length  cuneiform,  transversely 027 

Length  pisiform 027 

Width  pisiform  distally 016 

Length  unciform,  trassversely (SO 

Width  uncifonn,  an t-ero-posteriorly 013 

Width  trapezoid,  antero-posteriorlv 0155 

Width  trapezium,  antero- posteriorly 0114 

Length  trapezium,  vertically 016 

Width  scaphoid,  antero-posterioriv 015 

Width  navicular,  antero-posteriorly 0155 

Length  navicular,  transversely OiK 

Length  ungueal  phalange 016 

Width  ungueal  phalange 010 

Diameter  centrum  of  lumbar  vertebra. , 029 

Diameter  centrum  of  caudal  vertebra 009 

The  dental  series  is  nnintermpted  from  the  canine,  if,  as  I  believe, 
there  is  an  alveolus  for  a  simple  premolar  behind  it^  This  I  overlooked 
Tvben  first  describing  the  species,  and  hence  gave  the  molars  as  6  instep 
of  7.  The  superior  canine  is  smooth,  but  the  inferior  one  of  the  lef9 
side  has  a  longitudinal  groove  on  its  extero-inferior  face. 

Restoration. — This  carnivore  had  a  large  head,  with  a  long,  rather 
narrow,  and  truncate  muzzle.  The  limbs  were  relatively  smaller,  not 
exceeding  those  of  the  black  bear  [Ursm  americanm)  in  length  and 
thickness.  The  tail  was  long  and  slender  as  in  the  cats,  while  the  claws 
were  broad  and  flat% 

History^  locality^  &c, — The  teeth  are  very  much  worn,  indicating  the 
hard  food  ou  which  the  animal  had  subsisted,  as  well  as  its  mature  age. 

I  originally  described  this  species  as  resembling  the  remarkable  genua 
Anckijppodtis*  of  Leidy,  and  subsequently  (on  the  Short-footed  Unga- 
lata  of  Wyoming,  &c.,  p.  5,)  have  alluded  to  the  large  rodent  inoisor- 
like  teeth  as  though  they  were  homologous  in  the  two  genera.  I  there 
identified  those  teeth  in  SynophtJierium  as  canines,  adding  that  they 
were  probably  the  same  in  AnoJiij^dtts.  Having  determined  the  car- 
nivorous affinities  of  the  former  genus,  the  homology  of  these  appar^itly 
similar  teeth  in  the  latter  becomes  problematical.  With  our  present 
knowledge,  the~^  type  of  molar  teeth  in  Anchippodtis  resembles  that  of 
many  ungulates,  and  it  is  not  therefore  probably  allied  to  /SSynopiotikr 
rium.  Nevertheless,  it  is  not  yet  certain  that  the  teeth  in  questaon  are 
incisors,  and  that  the  genera  are  in  nowise  related,  though  a  similar 
modification  of  a  remarkable  character  in  distinct  but  coexistent  types 
is  by  no  means  an  unprecedented  circumstance. 

The  remains  on  which  the  above  identification  is  based,  were  foaiid 
by  the  writer  on  a  terrace  of  the  Mammoth  Buttes,  near  South  Bitter 


**  See  in  Hayden's  Geol.  Surv.  Montana,  1871,  (as  TrogoBut,) 
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Creek,  in  Wyoming.  The  cranium  and  fore  foot  and  leg  were  excavated 
from  tbe  deposit. 

Formation,  tbe  Bridger  Group  of  the  Eocene  of  Hayden. 

Professor  Marsh  has  described  two  genera  of  Carnivora  from  the  same 
formation,  embracing  species  approaching  this  one  in  size.  They  are 
both  distingnished  by  the  broader  forms  of  the  crowns  of  the  inferior 
molar  teeth^  and  other  points.  . 

STYPOLOPHUS,  Cope. 

Prooeed.  American  Philos.  Soc.  1872,  p.  466 ;  published  Angaat  3, 1872. 

This  genua  embraces  small  species  of  carnivorous  animals  found  by 
the  writer  in  the  Eocene  formation  of  the  Bridger  Group.  It  is  repre- 
sented by  portions  of  mandibular  rami  of  three  species,  with  molar  and 
premolar  teeth. 

The  generic  characters  are  seen  in  the  composition  of  these  molars, 
vhich  have  but  two  roots,  and  a  posterior  table,  as  is  seen  in  tubercular 
molars  of  some  Viverridw,  The  anterior  two-thirds  of  the  crown  is  com- 
posed of  conic  cusps.  On  the  last  molars  these  are  in  two  series,  two 
lower,  of  the  inner,  and  one  more  elevated,  of  the  outer,  opposite  the 
interval  between  the  inner.  Its  outer  face  is  regularly  convex,  but  its 
posterior  forms,  with  that  of  the  outer  series,  a  single  flat  vertical  plane, 
which  forms  a  sharp  angle  with  the  inner  and  outer  faces  of  tbe  cusps. 

The  structure  is,  in  general,  somewhat  like  that  of  Mesonyx,  Cope,  but 
the  lack  of  cutting  edge  on  the  posterior  lobe,  and  the  two  rows  of  tuber- 
cles separate  it  widely.  Dr.  Leidy  describes  Sinopa  as  having  a  sec- 
tofial  tooth  as  in  ordinary  Carnivora^  with  an  interior  cusp ;  hence  it  is 
Dot  probably  the  present  form,  although  one  species  was  about  the  size 
of  the  iS.  ropaar. 

STYPOLOPHUS  INSECTIVORTJS,  Cope. 
Proceed.  Amer.  Philos.  Soc.  1872,  p.  469 )  published  Angast  7,  1872. 

Bepresented  by  a  i)osterior  molar  and  a  premolar  of  the  right  side  of 
an  animal  less  than  half  the  size  of  the  8,pungem^  Cope.  The  molar 
presents  three  anterior  trihedral  acute  tubercles,  of  which  one  is  exte- 
rior and  more  elevated  than  the  others.  Its  posterior  plane  forms  one 
transverse  face  with  that  of  the  inner  posterior.  The  posterior  tuber- 
calar  heel  is  low,  and  supports  an  oblique  ridge  which  bounds  a  deep 
groove  behind  the  outer  cusp,  no  doubt  to  receive  that  of  the  upper  jaw. 
This  arrangement  is  not  seen  in  8,  pungens.  The  premolar  is  a  flat  cone 
with  faint  traces  of  a  tubercle  behind  and  cingulum  on  inner  side. 

Measurements. 

M. 

Length  crown  molar 0.0050 

Height  inner  cnsp 0040 

Length  heel : 0025 

Widthcrown 0030 

Height  crown  premolar 0040 

Length  crown  premolar 0040 

Found  in  the  Eocene  Bad  Lands  of  Black's  Fork,  by  the  writer. 

STYPOLOPHUS  PUNGENS,  CopC. 
Loc.  cit.,  1872,  p.  466 ;  published  Angast  3. 

This  is  the  type  of  the  genus,  and  is  partially  described  in  the 
generic  paragraph. 
The  enamel  is  smooth. 
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Measurements. 

M. 

Depth  ramus  at  last  molar t .J O.OU 

Length  last  molar Wit 

Width  last  molar,  posteriorly 0040 

Height  inner  tabercle OOS 

Height  external  tubercle,  (anterior) 0040 

This  species  was  aboat  the  size  of  the  gray  fox. 
From  the  bluffs  of  Cottonwood  Greek,  Wyoming. 

STYPOLOPHTJS  BHEVICAiCABATUS,  Cope. 
Loo.  oit.,  p.  469;  published  August  7,  1872. 

Established  on  a  ][)ortion  of  the  left  mandibalar  ramus,  containing  the 
penultimate  and  ante-penultimate  molars,  of  an  animal  of  larger  size 
than  the  type  of  the  genus,  S.  pungens.  The  molars  have  the  general 
characters  of  the  corresponding  ones  of  that  species,  but  differ  in  their 
greater  elevation  in  comparison  with  their  length,  and  the  greater  coa- 
vexity  of  the  outer  side.  The  shortness  is  occasioned  by  the  abbrevia- 
tion of  the  heel,  which,  in  the  last  molar  present,  is  very  small  and  flat, 
without  keel  or  tubercle  on  its  surface.  That  of  the  molar  preceding  it 
is  larger,  and  presents  in  its  elevated  outer  margin  a  trace  of  the  keel 
seen  in  the  smallest  species.    Enamel  smooth. 

Measurements* 

M. 

Leng^  of  two  molars 0.016 

Lengtl]..of  pen  ultimate  crown OOd 

Width  of  penultimate  crown 0017 

Length  of  penultimate  heel .009 

There  is  some  similarity  between  Stypolophus  and  Triacodony  Marsh. 
If  the  heel  of  the  molars  of  the  former  were  wanting,  they  would 
be  those  of  the  latter.  The  premolars  might  be  supposed  to  have  this 
structure,  but  the  form  seen  in  S.  insectivorus  disproves  this  view. 
In  fact,  I  have  seen  both  molars  and  premolars  of  Triacodan  aculeatui, 
Cope,  and  the  former  lack  the  heel  of  the  Stypolophi  entirely. 

VIVEREAVU8,  Marsh. 

Amor.  Joum.  Sci.  Arts,  1872,  p.  127. 
VlVERRAVUS  PABVTVORUS,  Cope. 

Miads  parvivornSf  Cope.    Proceed.  Amer.  Philos.  Soc.  1872,  p.  470,  August  7. 

Established  on  a  portion  of  the  right  ramus  mandibuli,  containiog 
portions  of  three  molars,  the  penultimate  being  perfect.  As  in  Canidtt^ 
the  molars  diminish  in  size  posteriorly,  the  last  being  single-rooted,  the 
penultimate  being  two-rooted.  The  structure  of  that  tooth  is  approxi* 
mately  that  of  Stypolophus^  t.  e.,  with  three  trihedral  cusps  in  front  and 
a  heel  behind ;  but  the  cuspp  are  of  equal  height,  and  their  point  of 
union  not  raised  above  the  surface  of  the  heel.  This  is  a  valley  lx>anded 
by  a  sharp  margin  which  is  incurved  to  the  outer  cusp,  leaving  a  ver- 
tical groove  on  the  outer  side,  as  in  Stypolophus  sp.  This  genas  further 
differs  from  that  one  in  the  single-rooted,  small,  tubercular  x>08terior 
molar,  which  is  wanting  in  that  one.  The  antepenultimate  molar  is 
much  larger  than  the  penultimate.  The  crown  of  the  latter  is  laterally 
expanded,  and  bears  a  cingulum  at  the  base  antero-exterually.  Enamd 
smooth. 
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Measurements, 

M. 

Depth  ramiis  at  penult im&te  molar 0.0080 

Length  crown  of  penultimate  molar 0040 

BlevatioD  crown  of  pennltimate  molar V.025> 

Width  crown  of  pennltimate  molar 003JJ 

Found  on  Black's  Fork  of  Green  Kiver.  An  ally  of  StypolopJms  and 
Triacodon, 

This  species  appears  to  belong  to  the  genus  Viverravus  of  Marsh, 
which  bears  date  July  22,  1872,  consequently  sixteen  days  earlier  than 
Midds^  which  thus  becomes  a  synonym.  The  species  is  different  from 
those  described  by  that  author. 

Ul^GULATA. 

In  no  group  of  Mammalia  have  the  determinations  of  paleontology 
been  more  significant  than  in  the  Ungiilaia.  Here,  in  an  especial  manner, 
the  anticipations  of  science  have  been  realized,  in  the  Oiling  up  of  the 
Dumerous  gaps  in  the  series  of  living  forms.  Here  especially  is  it  evi- 
dent, that  the  existing  fauna  is  but  a  fragment,  and  that  the  faunie  of 
the  past,  as  we  know  them  to-day,  are  but  the  precursors  of  what  we  may 
bring  to  light  to-morrow. 

The  primary  range  of  variation  in  t\e  structure  of  the  Ungulata  has 
been  generally  admitted  by  zoologists  to  be  found  in  the  structure  of  the 
limbs  and  feet.  Three  most  prominent  types  have  been  distinguished  on 
this  basis,  viz:  the  Artiodactyla,  Perissodactyla,  and  the  Proboscidia ; 
with  some  of  lesser  importance,  those  of  the  Toxodontia  and  Byra- 
coidea.*  If  we  direct  our  attention  to  the  detailed  structure  of  the  feet, 
or  of  the  teeth,  each  division  offers  its  own  range  of  variation;  witness 
ill  the  Artiodactyles  the  differences  between  the  liuminaniia  and  Oynni- 
Tora^  and  in  Perissodactyla,  between  Equus  and  Rhinoceros.  In  either 
order  canines  and  incisors  may  be  present  or  absent,  and  molars  assume 
a  great  variety  of  patterns  of  enamel  plication.  The  toes  in  the  latter 
order  may  vary  from  four  to  one.  Nevertheless,  the  most  diverse  genera 
are  bound  together  by  intermediate  forms,  often  extinct.  Connecting 
Omnivora  and  Euminantia  come  Oreodon,  Merycopotamus,  Tragidus,  &c. 
In  Perissodactyla,  A'lichitheriumy  Palwosyops,  <fca,  connect  the  extremes. 

The  Proboscidians  have,  on  the  other  liinid,  remained  until  recently  an 
isolated  group  with  but  few  representatives,  hence  its  definition  as  an 
order  has  been  more  or  less  obscured  by  characters  of  a  special  nature, 
drawn  from  the  dentition,  trunk,  &c.,  which  it  has  been  found  necessary 
to  omit  in  characterizing  the  two  orders  above  mentioned.  These  char- 
acters are  so  striking  in  their  appearance  as  to  suggest  greater  systematic 
importance  than  belongs  to  them.  Thus  the  trunk  is  not  more  important 
as  a  character  of  the  Proboscidia,  than  it  is  of  the  Perissodactyla,  where 
the  tapir  alone  possesses  it.  Nor  are  the  complex  molars  and  large  tusks 
to  be  regarded  as  a  definition,  for  in  the  Phacochcerus  we  have  molars  as 
compound  as  in.  some  mastodons,  huge  canine  teeth,  and  no  incisors 
below;  characters  very  different  from  ujauy  Artiodactyles.  Nor  can  we 
regard  the  exclusive  union  of  the  astragalus  with  the  navicular  as  a 
fiual  test,  for  in  Perissodact'jles  the  facet  for  union  with  the  cuboid  may 
be  considerable  {Ehinocerus)  to  almost  nothing,  {Equus,) 

The  occasion  for.this  discussion  is  presented  by  the  discx)very  by  the 
paleontologists  of  Ilayden's  geological  surveys  of  1871- 72,  of  the  remark- 

*  Fide  Gill,  Airaugcmcnt  of  the  Families  of  Mammals,  Smithsou.  Miuc.  CoIl.|  1872^ 
Ko.  230;  the  best  aualyais  of  the  Mammalia  yet  publisbt;d. 

36  a  s 
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able  types  Bathmodon^  Uiniatlierium^  and  Eobasileii^,  These  geoeni 
contradict  in  several  particulars  the  characters  usually  assigned  ta  tbe 
Proboscidia,  while  they  agree  with  them  in  others,  and  they  thus  pre- 
sent the  problem  of  classification,  which  will  ever  recur  so  long  as  addi- 
tionii  to  our  knowledge  of  tbe  life  of  the  past  continue  to  be  made.  Thia 
problem  is  simply  the  question  as  to  what  characters  shall  be  retained 
as  definitive  of  natural  divisions,  on  the  discovery  of  intermediate 
forms.  As  our  system  is  an  expression  of  the  possession  of  structoral 
characters,  our  higher  groups  or  orders  are  naturally  expressions  of  the 
existence  of  the  more  comprehensive  characters,  or  those  present  through 
the  most  extended  series  of  species.  Hence  we  believe  them  to  be  also 
those  assumed  earliest  in  time. 

In  the  case  of  the  Ungulataj  the  structure  of  the  feet  seems  to  define 
the  greatest  range  of  the  species.  Thus  the  ArtiodactyJa  and  Pensso- 
dactyla  are  digiti grade  or  unguligrade,  while  the  Proboscidia  are 
plantiiJrade.  The  first  order  exhibits  the  equal  development  of  the  thinl 
and  fourth  toes;  the  second  of  the  third  toe,  while  in  the  Probaseidxa 
the  structure  is  like  the  last,  with  more  numerous  digits.  But  this 
order  differs  from  both  the  preceding  in  the  relations  of  the  ulna  and 
radius.  In  Artiodactyla  and  Perissodactyla  the  ulna  diminishes  greatly 
distally  and  presents  but  a  small  carpal  articular  surface  obliquely  be- 
hind that  of  the  much  larger  radius.  In  Proboscidia  theulna  expanding 
preserts  the  larger  articulation  with  the  carpus,  and  the  radius  crosses  it 
obliquely,  and  presents  its  articular  face  alongside  o^  the  ulnar. 

The  characters  of  the  three  orders  may  be  thus  stated : 

Proboscidia.  * 

Feet  plantigrade  but  elevated  behind  by  a  plantar  pad.  Toes  nnmer- 
ons,  short,  the  middle  (3d)  largest.  Hind  limb  with  knee  free  from  the 
body;  tibia  without  spine;  astragalus  flat,  not  produced  anteriorly. 
Fore  limb  with  well-developed  ulna  articulating  extensively  with  the 
carpus  alongside  of  the  smaller  radius,  which  crosses  it  obliquely. 

Perissodactyla. 

Feet  digitigrade,  with  a  hock -joint.  Toes  reduced  in  number,  the 
third  largest.  Hind  limb  with  knee  inclosed  in  integument  of  body; 
femur  with  third  trochanter;,  tibia  with  spine.  Astragalus  with  pulley 
shaped  articular  face  for  tibia  and  anterior  prolongation.  Fore  limb 
with  ulna  reduced;  its  carpal  surface  smaller  than  that  of  theradias, 
which  supports  the  foot  in  front  of  the  ulna. 

Artiodactyla. 

» 

Feet  digitigrade  or  unguligrade.  Toes  reduced,  the  third  and  fourth 
I)rincipally  and  equally  developed.  Hind  limb  with  knee  applied  to  the 
side  of  the  body,  and  elevated  hock;  femur  without  third  trochanter; 
tibia  with  large  spine.  Astragalus  with  both  inferior  and  anterior 
pulley-shaped  surfaces.  Ulna  much  reduced  distally,  behind  the  radius, 
which  includes  almost  the  whole  of  the  carpal  articulation. 

This  arrangement  violates  previous  views  less  than  any  other  that 
would  recognize  the  primary  characters  of  the  Eobasileioi.  The  difficulty 
of  determining  the  limits  of  the  two  first-named  onlers  is  partially 

*  These  characters  have  been  mostly  given  by  Prof  Gill,  1.  c. 
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caused  by  the  fact  that  the  Hyracoidea  present  the  radius  of  the  Probos- 
cidia  with  the  hind  foot  of  the  Perissodaciyla.  These  animals  are,  how- 
ever, well  regarded  as  a  distinct  order.  Whether  all  the  animals  to  be 
included  in  the  Proboscidia  possessed  a  proboscis  or  not,  is  of  secondary 
importance.  It  is  nevertheless  highly  probable  that  Jjoxolopjhodon  and 
Eobasileus  possessed  one,  and  not  unlikely  that  such  forms  that  ap- 
proach still  nearer  the  tapirs  were  not  without  an  organ  such  as  they 
possess,  and  which  Cuvier  ascribed  to  the  Palasotheria  and  other  allies. 

PROBOSCIDIA. 

One  incisor  or  canine  on  each  side ;  molars  compound,  with  postero- 
anterior  replacement;  nasal  bones  abbreviated ;  astragalus  articulating 
with  navicular  only;  no  third  trochanter Elephanii^ce. 

Neither  incisors  nor  canines ;  molars  simple,  with  vertical  replacement; 
nasal  bones  shortened ;  (!)  foot;  no  third  trochanter Binoiheriuke, 

No  incisors;  nasal  bones  elongate;  astragalus  articulating  with  both 
navicular  and  cuboid;  no  third  trochanter EohasUiidir, 

Dentition  complete,  t.  c,  incisors  present;  t  nasal  bones.  Astragalus 
articulating  with  both  navicular  and  cuboid;  a  rudimental  third  tro- 
chanter   Batkmodontidce. 

These  suborders  present  a  series  of  approaches  to  the  Perissodactyla. 
Thus  the  Eohasiliidco  agree  with  the  typical  Proboscidia  in  addition  to 
the  above  points,  in  the  posterior  expansion  of  the  scapula,  and  its 
apical  acumination ;  in  the  very  short  cervical  vertebrre ;  in  the  fiat 
carpal  bones;  in  the  absence  of  pit  for  round  ligament  of  the  femur;  in 
the  flattened  great  trochanter,  contracted  condyles,  and  tissure-like  in- 
tercondylar fossa  of  the  same  bone.  In  the  longitudinal  crest  of  the 
tibia  separating  glenoid  articular  faces  which  are  on  a  transverse  line. 
In  the  short  calcaneum,  which  is  wider  than  long,  and  tubercular  on 
the  inferior  face.  In  the  live  digits ;  the  acetabulum  not  separated  by  a 
peduncle  from  the  iliac  plates,  and  the  lack  of  angular  production  of 
the  latter  beyond  the  sacrum.  Also  in  the  three  distinguished  sacral 
vertebrae,  as  contrasted  with  the  five  closely  co-ossified  ones  of  the 
Rhinocerotidce,  These  characters  are,  some  of  them,  of  subordinate 
value  only. 

The  chief  differences  are  seen  in  the  cranium,  though  here  also  there 
are  important  resemblances.  Thus,  the  palate  is  not  excavated  be- 
the  molars  posteriorly,  as  is  Perissodactyla,  nor  are  the  palatine  bones 
produced  posteriorly  and  separated  from  the  maxillaries,  as  in  Artio- 
dactyla  generally.  They  have  a  shallow  excavation  and  accompany  the 
maxillaries  posteriorly  without  interruption,  as  in  Mepluts.  In  Loxolopho- 
don  the  malar  bone  forms  the  middle  element  of  the  zygomatic  arch,  send- 
iog  a  narrow  strip  only  forwai'd  to  the  neighborhood  of  the  lachrymal. 
In  Uintaiherium,  according  to  Marsh,  its  extention  toward  the  side  of  the 
fece  is  rather  greater,  much  as  in  some  Perissodactyla.  The  dentition  is 
notfanemoved  from  that  of  Dinotherium^  and  the  mode  of  succession  of 
the  teeth  was  in  all  probability  siniilar.  The  premaxillariesand  nasals  are 
excavated  and  exostosed  for  the  attachment  of  a  trunk  in  Loxolophodon. 
The  lateral  and  occipital  crests  of  the  cranium,  though  difl'erent  from 
the  enlarged  sinuses  of  the  diploe  of  Elephants,  represent  the  external 
walls  of  this  structure,  and  furnish  a  hint  as  to  its  mode  of  origin,  and 
Berve  to  ease  the  transition  to  Perissodactylcs. 

The  differences  in  the  cranium  are  consequent  upon  its  anterior  elonga- 
tion, the  nasal  bones  and  premaxillaries  becoming  thus  much  extended. 
The  lacfarvmal  is  perforated  by  a  small  lachrymal  canal  in  UintatlieriuM^ 
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according  to  Marsb,  bat  excavated  on  the  margiu  only  in  Loxolophodon. 
It  is  neither  in  Elephas.  There  is  a  post-gleuoid  process  much  moFe 
largely  developed  than  in  Elephantidce,  Other  diflbrences  of  still  less 
importance  are  to  be^een  in  the  anterior  i>ositiou  of  the  exterior  nare^ 
and  the  presence  of  horns. 

The  BathmodontidcB  are  represented  by  Bathmodon.  With  a  stractnre 
of  the  hinder  limb  nearly  i%%iimh\iug  EobasilenSy  we  have  more  pronounced 
relationships  to  the  Perissodactyles.  The  scapula  has  the  massive 
apical  acumination  of  the  Mephantidce,  and  there  is  no  round  ligameot 
of  the  femur  in  some  of  them.  The  astragalus  has  the  same  flattened 
form  seen  in  Uintatherium^  and  is  even  less  like  that  of  the  Peri^sodac- 
tyla.  The  type  of  molars  and  the  long  compressed  canines  are  similar  to 
those  of  Loxolophodon.  On  the  other  hand,  the  cervical  vertebrae  are 
rather  longer,  and  there  is  a  rudimental  third  trochanter  of  the  femur. 

History^  (tc.  I  originally  referred  the  Uohasileidw  to  the  Froho8cidia^ 
on  account  of  the  structure  of  the  limbs,  and  subsequently  stated  a  num- 
ber of  reasons  lor  this  conclusion  at  a  meeting  of  the  Academy  of  Natural 
Sciences  of  Philadelphia,  held  January  14th,  1873,  (published  January 
Kith.)  In  the  present  i)aper,  numerous  confirmatory  charactei-s  are 
added.  The  Bathmodontidm  I  have  heretofore  referred  to  the  Peri^sO' 
ddctyla. 

ProfessorMarsh,  in  describing  a  species  of  this  group,  Tltanotherium  (?) 
anceps^  (Jwly,  1871,)  compares  it  with  perissodactyle  species,  and  in  de- 
scribing the  tibia  says  that  it,  ^'  at  its  proximal  end,  has  the  femonil  sur- 
faces contiguous,  with  no  prominent  elevation  between  them,  resembling 
in  this  respect  some  of  the  Proboscidia.^  A  few  days  before  the  publi- 
cation of  my  conclusions,  in  a  foot-note,  (July  22d,  1872,)  he  altered  the 
name  Titanotherium  to  Mastodon,  indicating  that  he  had  reached  the 
same  opinion.  Shortly  after,  (American  Journal  of  Science  and  Art's, 
September  27th,)  he  altered  his  view,  constructing  a  supposed  new 
order  "Dtwocerafa,"  for  their  reception. 

As  regards  the  name  of  the  order  here  defined  as  including  the  four 
families  above  mentioned,  I  have  preferred  using  one  already  employed 
to  coining  a  new  one.  This  is  the  better  course  also,  if,  as  is  not  unlikely, 
the  distinctions  on  which  it,  as  well  as  the  other  two  orders,  repose,  shall 
be  broken  down  by  new  discoveries  in  paleontology. 

EOBASILEID^. 

The  genera  of  this  group  known  to  the  writer  are  four,  which  differ 
as  follows : 

1.  Nasal  bones  with  flat  horizontal  horn-cores  overhanging  their  apex. 
Cervickl  vetebrse  short  5  malar  bone  much  reduced  in 

front Loxolophodon. 

2.  Nasal  bones  with  small  tuberosities. 

(>ervical  vertebrae  short Hohasilen^* 

'Cervical  vertebra?  longer ;  the  malar  bone  reaching  maxil- 
lary face Uintatherium. 

3.  Nasal  bones  without  the  anterior  horn-cores. 

Oervical8(f) MegaceraiopB. 

The  above  is  the  closest  approximation  to  nature  which  my  present 
material  allows.  It  is  not  at  all  unlikely  that  the  difference  in  develop- 
ment of  the  anterior  nasal  tuberosities  seen  in  Loxolophodon  camuhi» 
and  JEoba»ileiL8  pressicornis  will  turn  out  to  be  only  specific. 

The  dentition  of  this  group  requires  special  notice.    Judging  irom  the 
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relative  sizes  of  the  teeth,  I  have  written  the  molar  series  of  Loxdoplio- 
don  4 — 2,  but  judging  from  the  forms  of  the  crowns,  it  should  be  1 — 5. 
However  this  should  be,  I  liave  no  doubt  that  as  in  other  Prohosddia  the 
premolar  and  not  the  molar  series  is  deficient,  and  that  there  are  three 
or  four  tme  molars  at  least.  In  a  mandible  found  alone,  which  agrees  in 
size  with  some  species  of  TJintatherium^  six  molars  are  preserved.  Of 
these  the  ixosterior  two  display  three'sub-transverse  crests,  of  which  the 
anterior  two  form  a  chevron  with  open  apex  directed  to  the  inside.  An- 
terior to  the  front  crest  is  a  cingular  tubercle.  The  symphyseal  part  of 
the  jaw  is  remarkable:  it  is  co-o^sified,  exceediugly  compressed,  and. 
carved  upwards  so  as  to  resemble  slightly  the  narrow  prow  of  a  South 
Sea  boat.  There  are  two  teeth  on  each  side,  which  are  separated  from 
the  molars  by  a  diastema.  They  are  much  compressed  and  curved  up- 
wards and  forwards,  and  the  anterior  pair  issue  from  the  jaw  in  contact. 
The  crowns  are  lost  in  the  specimen.  The  determination  of  these  teeth 
is  facilitated  by  the  presence  of  the  mentiil  foramen  below  the  posterior 
one.  This  foramen  issues,  as  is  well  known,  posterior  to  the  canines  in 
all  Mammalia,  and  either  below  premolars  or  the  diastema.  The  two 
teeth  in  our  fossil  will  then  be  premolar  and  canine  respectively,  and  the 
incisors  must  be  regarded  as  wanting.  This  is  in  conformity  with  the 
structure  of  the  upper  jaw,  ayd  is  rendered  probable  by  the  great  reduc- 
tion of  the  symphysis  of  the  lower  jaw  in  the  species.  It  is  also  suggested 
by  the  almost  universal  tendency  to  reduction  of  the  incisors  seen  in  the 
mammals  of  the  same  extinct  fauna.  In  Bathmodon  and  Palasosyaps  the 
canines  are  thrown  into  the  incisor  series  as  in  Ruminantia,  and  in  Palm- 
osyops  the  onter  incisors  are  much  reduced.  In  several  genera  there  are 
but  two  incisors.  Finally,  in  SynaplotheHum  the  large  inferior  teeth  de- 
scribed by  myself  as  incisors,  and  which  resemble  the  cutters  of  Bodentiay 
are  immediately  in  front  of  the  mental  foramen,  and  bear  the  same  rela- 
tion to  if  and  to  the  premolar  teeth,  a«  do  the  canines  of  Palceosyops  and 
other  Mammalia.  Hence  I  believe  these  to  be  canines,  and  that  the  in- 
ferior incisors  are  wanting  in  my  specimen.  The  probability  of  the 
truth  of  this  determination  is  increased  by  the  presence  of  a  small  inter- 
val between  them,  and  by  the  fact  that  they  oppose  the  canines  of  the 
upper  jaw. 

LOXOLOPHODON,  Cope. 

Froeeedings  American  Philosophical  Society,  1872^  p.  580,  extra  copies  ptiblisbed 
Aogost  19;  and  p.  488,  (August  22.)  Tinoceras,  Marsh,  American  Journal  of  Sci- 
ence and  Arts,  1874,  (October.)    Published  (described)  September  21. 

The  craninm  in  this  genus  is  very  elong:ated  and  compressed.  The 
muzzle  is  posteriorly  root-shaped,  but  is  anteriorly  concave,  and  flattened 
out  into  a  bilobed  shovel,  which  rises  above  the  extremity  of  the  bone. 
This  extremity  is  subconic,  and  short  and  decurved.  A  second  pair  of 
horn-cores  stands  above  the  orbits ;  each  one  composed  externally  of  J  he 
maxillary  bone,  and  internally  of  an  upward  extension  of  the  posterior 
pari  ot  the  nasal.  Behind  this  horn  the  superior  margin  of  the  temporal 
fossa  sinks,  but  rises  again  at  its  posterior  portioii,  probably  above  the 
level  of  the  middle  of  the  parietal  bones.  This  portion  of  the  skull  is 
injured  in  my  only  specimen.  The  occipital  rises  in  a  wall  upward  iroiu 
t|ie  foramen  rndgntmij  and  supports, probably,  a  little  in  front  of  th<»  junc- 
tion with  the  superior  and  inferior  ridges  bountling-the  temporal  fossa,  a 
third  horn-core  on  each  side.  The  base  of  this  core  is  as  stout  as  that 
above  the  orbit,  and  subcylindric  in  section.    The  temporal  fossa  has  its 
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principal  extent  posterior  to  the  zygomatic  arch,  and  is  in  form  like  a 
trough,  the  inferior  edge  being  recurved  from  the  squamosal  process  to 
the  summit  of  the  occipital  crest.  It  is  narrow  within  the  zygomatic 
arch,  which  is  short,  inclosing  a  space  YFhose  length  is  less  than  one- 
fourth  that  of  the  cranium. 

The  oedpital  bone  extends  but  a  short  distance  on  each  side  of  the 
condyles,  and  is  separated  from  the  mastoid  by  an  irregular  suture, 
which  is  pierced  by  a  large  mastoid  foramen.  On  the  inferior  face,  near 
to  each  condyle^  and  one-third  the  distance  from  its  inner  extremity,  is  a 
posterior  condyloid  foramen,  isolated  by  a  narrow  bar  from  the  extremity 
of  the  foramen  lacerum  posierius.  The  paramastoid  process  is  repre- 
sented by  a  small  tuberosity,  and  the  mastoid  by  a  rather  larger  one, 
some  distance  anterior  to  it. 

The  meatus  auditorius  opens  upwards  just  below  the  external  ridge  of 
the  temporal  fossa,  and  at  a  little  distance  behind  the  post-glenoid  pi'o- 
cess.  Its  canal  contracts  rapidly,  and  extends  upwards  and  backwards 
towards  the  labyrinth.  It  is  separated  from  the  foramen  lacerum  by  but 
a  thin  wall,  and  if  there  was  an  expansion  of  the  cavum  tympanic  it  must 
have  been  exceedingly  small,  owing  to  the  close  approximation  of  the 
mastoid  to  the  basi-occipltal  and  sphenoid  at  this  point.  The  labyrinth 
is  lodged  in  a  petrous  mass  opposite  the  occipito-mastoid  suture,  and  the 
canals  are  small. 

The  basi-occipital  contracts  anteriorly,  and  with  the  sphenoid  forms  an 
uninterrupted  boundary  of  the/ora?iien  lacerum.  This  termiuat^es  oppo- 
site to  the  posterior  boundary  of  the  external  meatus,  and  gives  rise  to  a 
wide,  shallow  groove,  which  extends  anteriorly  between  the  pterygoid 
ala  and  the  post-glenoid  process,  and  turning  outwards  round  the  latter, 
grooves  it.  Opposite  to  the  post-glenoid  process,  and  just  posterior  to  the 
end  of  the  pterygoid,  a  small  foramen  enters,  which  is  probably  the  fora- 
men ovale.  Almost  continuous  with  it  is  a  canal  which  pierces  the  base 
of  the  pterygoid  longitudinally,  and  issues  in  an  excavation  of  its  exter- 
nal face  near  the  sphenoid. 

Thepterygoids  are  remarkable  for  their  great  length,  inclosing,  as  they 
do,  with  the  palatine  process,  a  deep,  narrow,  trench-like  fossa,  which 
measures  almost  the  entire  length  of  the  zygomatic  fossa.  Processes  of 
the  sphenoid  contribute  to  these  walls,  (which  are  thus  double.)  and  the 
sphenoid  roof  is  strongly  concave.  The  alisphenoid  is  elongate  antero- 
posteriorly,  and  is  principally  in  contact  superiorly  with  the  frontal ;  an- 
teriorly it  has  a  short  suture  with  the  lachrymal.  Almost  its  entire  length 
is  traversed  by  a  shallow  groove  which  terminates  in  a  small  foramen 
opiwum^  opposite  to  a  point  marking  the  posterior  third  of  the  zygomatic 
fossa,  The  foramen  rotundum  issues  as  usual  between  the  alisphenoid 
and  the  pterygoid,  but  is  considerably  anterior  as  well  as  inferior  to  the 
f.  opticum,    I  cannot  determine  whether  the  orbitosphenoid  is  disUnct 

The  laA>hrymal  is  a  large  bone,  of  a  triangular  outline,  the  shorter 
side  being  inferior.  It  is  entirely  on  the  inner  face  of  the  orbit,  and, 
as  in  the  elephant,  separates  the  frontal  and  maxillary  by  its  superior 
prolongation.  Its  inierior  border  is  slightly  notched  in  front  b^'  the 
I'dvge  foramen  infraorbitale  posterit^^  s^nd  the  anterior  is  deeply  emar- 
ginate,  passing  behind  the  small  y.  lachrymose. 

The  palate  is  remarkable  for  it«  length  and  narrowness.  Its  roof  is 
chiefly  composed  of  the  maxillaries,  but  a  very  short  portion  is  formed  by 
the  palatine  plates  of  the  o.  o,  palaiina.  These  are  produced  into  a 
median  point  behind,  between  the  nare«,  and  exteriorly  form  the  inner 
wall  of  the  postnareal  trough  for  a  considerable  distance.  The  closely 
united  maxillarws  f«rm  the  outer  wall  for  a  short  distance,  being  xiro- 
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daced  in  a  contracted  form  behind  the  molar  teeth.  The  two  bones  in- 
close a  soiall  foramen  in  this  prolongation,  and  a  larger  one  on  the  ante- 
rior satare  of  the  palatine,  the  foramen  palatinum.  The  posterior 
Dares  are  not  excavated  anterior  to  the  line  of  the  posterior  border  of 
the  last  molars.  The  palate  is  deeply  concave  anteriorly.  There  is 
an  elongate  foramen  close  to  the  alveolus  of  the  first  premolar,  ex- 
tending anterior  to  it^  The  premaxillaries  are  longitudinal  and  sep- 
arated anteriorly  for  two-fifths  of  their  length,  by  a  large  foramen 
iMisivum,  which  they  do  not  inclose.  They  extend  on  the  side  of  the 
mnzzle  into  an  acute  angle  upwards  and  backwards,  and  are  prolonged 
forwards  above  the  exterior  nares,  which  the  suture  reaches  by  an 
abrupt  descent.  The  maxillary  supports  the  malar  on  a  posteriorly  di- 
rect^ process  which  reaches  to  the  end  of  the  anterior  third  of  the  arch 
below,  half  that  distance  on  the  side,  and  is  bordered  by  a  narrow  strip 
of  the  malar  on  the  inner  side,  as  far  as  the  anterior  boundary  of  the 
orbit.  The  premaxiUaries  do  not  inclose  the  very  Veage  foramen  incusivum 
in  front,  and  ai-e  therefore  deeply  furcate. 

The  dentition  is  L  0 ;  C,  1 ;  P.  M.  4 ;  M.  2.  The  canine  is  a  tusk  of 
compressed  form,  with  anterior  and  posterior  cutting  edges,  and  a 
strong  posterior  curvature.  Its  fang  is  embraced  one-third  by  the  pre* 
maxillary  bone,  and  is  inclosed  in  a  rib-like  swelling  of  the  sides  of  the 
crauinm,  which  extends  upward  and  backward.  The  premolars  are  well 
worn,  and  have  transverse  cordate  surfaces  of  attrition.  These  have 
probably  resulted  from  the  wearing  down  of  a  chevron  of  two  crests 
converging  inwards,  in  some  with  an  inner  tubercle.  On  the  molars  this 
crescent  is  represented  by  a  Y,  with  the  apex  inwards;  on  the  last,  the 
inner  tubercle  is  at  one  side  (the  pasterior)  of  the  apex. 

Name. — I  first  applied  the  name  Loxolopkodon  to  this  genus  in  a  short 
pa])er  published  August  19, 1872,  as  above  cite<l,  with  a  diagnostic  de- 
scription ;  the  jD.  comutus  was  there  cited  as  the  first  species,  and  is 
here  retained  as  the  type.  I  again  described  it  more  iully  in  a  paper 
published  August  22d,  citing  Uobasileus  (August  20th)  as  a  synonym, 
perhaps  incorrectly,  as  indicated  by  the  present  paper.  The  same  no- 
menclature was  employed  in  a  paper  read  before  the  American  Associa- 
tion fqr  the  Advancement  of  Science,  held  at  Dubuque,  commencing 
August  23,  1872. 

In  the  paper  of  August  22d,  I  regarded  this  genus  as  identical  with 
that  to  which  I  had  previously  (February  IG,  1872)  applied  the  name 
LoxolopJiodon^  and  included  in  it  the  species  there  called  Bathmodon 
(Loxolophodon)  semicinctus,  Cope.  With  further  material  this  appears 
not  to  be  correct;  the  Bathmodon  semidnctus  belongs  truly  to  that 
genus,  and  is  very  near  to  the  B,  radians,  so  that  the  name  Loxolopho- 
don becomes  a  synonym  in  this  connection,  and  may  be  used  again  for 
the  present  genus  without  interference.  It  was,  moreover,  not  de- 
scribed at  the  former  date,  and  had  no  prox)er  claim  to  rei'X>guition. 

Professor  Marsh,  in  the  American  Journal  of  Science  and  Arts,  1872, 
(September  21,)*  applied  the  name  Tlnoeeras  to  a  species  (T.grandig) 
of  this  genus,  and  gave  a  description,  in  which  some  of  the  generic 
characters  niay  have  been  mentioned.  He  had  previously  applied 
it  without  description  to  the  Titanoiherium  f  anceps,  August  24th, 
(and  10th,t  in  an  erratum,  where  Mastodon  aneeps  is  altered  into  Tino- 
ceras  aneeps.)  As  no  characters  whatever  were  assigned  to  it  on  either 
of  these  occasions,  it  had  no  value  in  zoological  nomenclature. 

*Idid  not  receive  tbis,  and  moetof  the  other  papers  of  Professor  Marsh  on  this 
wnna,  tilLearly  in  December,  1872. 
t  These  papers  were  not  received  by  me  till  early  in  December,  1872. 
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LOXOLOPHODON  CORNTJTUS,  Cope, 

Loxolophodon  cornutus.  Cope,  Proceed iDgs  American  Philosophical  Society,  1872,  p.  580, 
(August  19;)  loc.  d(.,  1«72,  p.  4H«,  (August  22.)  The  short-footed  Unsrulat*  of  the 
Eocene  of  Wyoming,  p^B,  (April  14,  1873.)  EobattUeus  comulmj  Cope,  American  Nat- 
uralist, 1872,  p.  774.  Tinoceras  grandU^  Marsh,  American  Journal  of  Science  and 
Arts,  October,  1872,  (published  September  21,) /<fo  Marsh. 

Established  on  the  remaius  of  a  single  individual,  which  consist  of  a 
nearly  perfect  cranium,  the  right  scapula  complete,  several  vertebrse, 
including  the  sacral,  the  first  or  second  rib,  the  pelvis  complete,  and  the 
entire  right  femur;  also  probably  the  proximal  end  of  a  rsidius. 

The  8i)ecies  is  remarkable  for  the  narrow  form  of  the  cranium^  its 
width  at  the  middle  being  one-fourth  its  length.  A  little  in  front  of  the 
middle  are  situated  the  horncores.  These  diverge,  the  upi>er  portion 
having  an  outward  curvature.  The  base  of  each  is  triangular  with 
obtuse  angles,  in  section,  and  the  inner  angle  is  the  section  of  a  rib-like 
projection  which  extends  across  the  front  to  its  fellow  and  rises  half 
way  up  the  horn-core.  Above  Its  rather  abrupt  termination  the  core 
is  transversely  compressed,  with  oval  obtuse  apex.  The  core  measures 
M.  .240  (9.5  inches)  from  its  base  in  front,  M.  .108  (4.25  inches)  in  width 
at  the  base  behind,  and  .077  (3  inches)  in  diameter  at  the  apex.  A  slight 
swelling  of  the  sides  of  the  muzzle  descends  obliquely  forward  from  the 
base  of  each  horn,  which  enlarges  below  into  a  prominent  rib,  which 
incloses  the  alveolus  of  the  canine  tusk.  In  front  of  the  horns  the  muz- 
zle is  roof-like;  anteriorly  it  flattens  out,  and  swells  a  little  above  the 
posterior  end  of  the  nasal  meatus.  In  Iront  of  this  it  expands  again, 
and  rises  gently  to  the  extremity  of  the  bilobed  nasal  shovel,  which 
overhangs  the  premaxillaries,  the  nasal  meatus,  and  the  greater  part  of 
the  apex  of  the  nasal  bones.  The  latter  is  £lhort  and  with  a  wide  base, 
and  resembles  two  lateral  cones  flattened  together,  their  extremities 
obliquely  truncate  outward  and  excavated.  The  composition  of  the 
upper  surface  of  the  cranium  is  somewhat  difficult  to  determine,  owing 
to  the  injured  state  of  the  posterior  part.  If  we  regard  the  bone  which 
bounds  the  lachrymal  behind  and  above,  as  frontal,  as  I  did  in  originally 
describing  the  species,  it  gives  an  extraordinary  extent  to  the  nasals, 
for  the  common  suture  of  these  bones  extends  V-shaped  backward,  to  a 
point  opposite  to  the  middle  of  the  zygomatic  arches.  It  gives  to  tbe 
nasals  aji  extent  equal  to  that  of  the  frontals  and  parietals  combined. 
They  not  only  support  the  anterior  lobes,  but  form  the  inner  half  of 
the  median  horn  cores,  rising  as  high  as  the  tuberosity  above  described. 
To  regard  these  bones  as  frontals  would  involve  the  improbable  peca- 
liarity  of  their  extending  beyond  the  nareal  orifices,  and  the  terminal 
cone  of  the  nasals  is  not  separated  from  them  by  suture, but  by  a  groove 
only.  The  question  is  decided  in  favor  of  their  being  nasals,  by  thosie 
bones  as  preserved  in  Eobasileus  prcssicomis^  Cope,  where  the  lobe  is 
represented  by  a  tubercle  only  on  the  side  of  a  continuous  nasal.  The 
immense  length  of  the  snout  in  Loxolophodon  looks  as  though  the  nacsal 
bones  had  extended  themselves  forward,  so  as  to  ossify  the  basal  por- 
tions of  an  elephantine  proboscis. 

The  frontals  descend  behind  the  horns,  with  a  very  obtuse  or  rounded 
continuation,  to  the  inner  side  of  the  fossa,  and  without  any  superciliary 
margin.  They  form  with  the  posterior  part  of  the  nasals  a  shallow  me- 
dian basin.  The  suture  with  the  parietals  is  very  indistinct,  bat  if  I 
have  truly  discovered  it,  it  forms  another  posteriorly  directed  chevron, 
and  leaves  but  a  narrow  superciliary  portion  of  the  frontals.    Above  the 
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postgleiioid  processes  the  parietals  rise  again  to  the  transverse  occipital 
crest,  bat  to  what  height  is  uncertain.  At  the  mastoid  region,  the  cra- 
nium widens  a  little,  and  is  excavated  at  the  sides  by  the  temporal  fossae. 
Near  where  the  lateral  and  posterior  crests  join  the  inferior  ridge-like 
border  of  the  temporal  fossa,  in  front  of  a  position  occupied  by  a  knob 
in  E.  pressicorniSj  is  a  strong  horn-core  with  sub-cylindric  base.  It 
stands  obliquely  backwards  towards  the  junction  of  the  inferior  squamo- 
sal and  transverse  crests,  and  is  connected  to  tliese  by  an  oblique  ridge, 
one  side  of  which  is  marked  with  irregular,  short,  longitudinal  rugosities. 
At  the  base  of  these  elevations  are  three  sinuses.  This  portion  was 
fonnd  close  to  the  skull,  but  separated  from  it,  and  the  precise  mode  of 
its  attachment  has  not  been  discovered  by  actual  J&t. 

The  occiput  rises  upwards  for  four  inches  above  the  condyles;  perhaps 
it  displayed  a  posteriorly  sloping  transverse  crest  as  in  ^.  pressicomia. 
The  paramastoid  and  mastoid  tuberosities  are  narrowed  and  extend  ob- 
liquely downwards  and  forwards.  The  lower  part  of  the  exoccipital 
suture  runs  along  a  ridge,  and  there  is  a  tuberosity  in  front  of  the  mas- 
toid foramen.  An  irregular  A-shaped  crest  extends  upwards  with  the 
apex  at  the  inferior  temporal  crest,  and  its  anterior  limb  forming  part  of 
the  posterior  boundary  of  the  meatus  auditorius.  The  inferior  temporal 
crest  is  directed  outwards  below,  but  forwards  above. 

The  narrowness  of  the  cranium  is  readily  seen  on  comparing  the  post- 
glenoid  processes.  These  are  not  deep,  but  have  considerable  trans- 
verse extent,  and  are  separated  by  a  space  only  a  little  greater  than  the 
transverse  diameter  of  each.  The  zygomatic  arcfies  are  compressed 
posteriorly,  with  crest-like  superior  ridge,  but  rounded  above  anteriorly. 
There  is  not  the  least  trace  of  posterior  boundary  of  the  orbit.  The 
squamosal  process  overlaps  the  malar  bone  extensively,  terminating  in 
a  point,  the  latter  ending  obtusely.  The  malar  is  supported  in  front  by 
a  maxillary  process,  which  is  united  with'  it  by  a  zigzag  suture  on  the 
outer  face  and  a  squamosal  one  within  and  below.  The  foramen  infra- 
orbitale  exterius  is  large,  and  issues  a  short  distance  in  front  of  the  orbit, 
Dot  so  near  it  as  in  the  elephants.  From  this  point  to  the  ridge  inclos- 
ing the  canine  alveolus  the  side  of  the  maxillary  bone  is  deeply  concave, 
aud  the  palatal  surface  correspondingly  contracted.  The  bone  is  con- 
tinued upwards  and  outwards  as  the  external  part  and  apex  of  the  mid- 
dle horn-cores.  Anteriorly  it  is  bounded  by  the  premaxillary  to  a  point 
as  far  anterior  to  the  base  of  the  iiorn  as  the  width  of  the  latter ;  behind 
that  point  it  is  in  contact  with  the  nasals.  The  premaxillary  is  prolonged 
upwards  and  backwards  into  a  narrow  tongue.  Its  inferior  portion  is 
convex  above  on  each  side,  concave  below,  with  projecting  alveolar  bor- 
ders, whidi  are  flat  and  slightly  concave  fore  and  aft.  The  extremity 
of  each  is  rugose  below,  supports  a  prominent  tubercle  medially  and  a 
smaller  one  at  the  superior  angle. 

The  exterior  uares  are  not  separated  by  osseous  septum.  Their  lateral 
borders  are  marketl  on  the  interior  surface  of  the  nasal  and  premaxillary 
roof  by  a  curved  ridge  or  crest,  which  converge  forwards  and  bound  the 
interior  concavity  of  the  roof.  This  gave  support  to  muscular  or  liga- 
mentous attachments.  The  posterior  angle  of  the  nares  is  abruptly  ex- 
cavated with  thickened  walls.  The  palate  is  remarkably  narrow,  and 
is  most  deeply  excavated  between  the  alveoli  of  the  tusks,  or  at  the 
maxillo-premaxillary  suture.  From  near  this  point  to  the  x)alatine 
snture  a  low  but  shari>  crest  extends  along  the  middle  line.  The  width 
of  the  palate  at  the  diastema  is  one-ninth  of  its  length.  The  diastema 
ia  more  than  half  the  length  of  the  molar  series.  The  pterygoid  proc^oss 
of  the  palatine  bones  has  two  convergent  grooves  on  its  inferior  suri'ace. 
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The  teeth  are  remarkable  for  the  extent  of  the  exposure  of  their  slender 
roots,  as  well  as  their  very  small  size  as  compared  with  the  size  of  tbe 
animal.  The  task  is  slightly  turned  outwards  at  the  tip  and  the  inner 
face  is  worn  by  attrition  with  some  opposing  tooth  for  one- third  its  length 
on  the  posterior  third.  The  superior  margin  of  the  enamel  ou  this  side 
is  chevron-shaped,  the  apex  being  only  one-third  the  length  from  th^ 
extremity.  It  extends  further  upwards  in  front  and  on  the  out€r  side, 
but  is  worn  in  an  oval  patch  at  the  apex  of  the  chevron  of  this  side  by 
contact  with  the  inferior  teeth,  as  above  described.  The  enamel  is  smooth 
behind,  rugose  in  front.  The  apex  contmcts  regularly  to  a  flattened 
obtuse  point.  The  fang  is  hollow  for  about  half  its  length.  The  enamel 
of  the  molars  is  nearly  smooth.  Each  one  has  a  strong  cingulam  fore 
and  aft,  which  is  discontinued  on  the  inner  and  outer  faces  except  in  P. 
M.  1,  and  M.  2.  In  the  former,  it  is  continued  on  the  outiCr  side  at  the  base 
of  the  concavity  of  the  exterior  face ;  on  the  latter,  it  is  continued 
round,  the  inner  side.  The  grinding  surface  of  the  P.  M.  1  is  tripodal, 
and  probably  composed  of  a  worn  crescent  and  inner  tubercle.  Tbe 
others  are  transverse  arrow-shaped ;  the  P.  M.  4  is  much  more  worn  thau 
the  others.  M.  2  is  larger  thau  M.  1.  It«  oblique  crests  have  evidently 
been  worn  from  before.  All  the  molars  have  three  roots,  but  the  poste- 
rior pair  are  united  for  part  of  their  length  in  all. 

The  vomer  does  not  unite  with  the  superior  crest  of  the  palatine  bones. 
The  sphenoid  fliittens  out  behind  the  postnareal  trough  and  is  co-ossified 
with  the  basioccipital.  The  latter  is  marked  by  two  oval  surfaces  at  tbe 
place  of  suture,  wifti  a  slight  prominence  between.  No  lower  jaw  was 
found  with  this  specimen,  but  from  the  contraction  of  the  parts  opposed 
to  it,  it  was  evidently  very  small. 

Cranial  measurements. 

Length  from  end  nasals  to  end  occipital  condyle,  (3  feet  1.5  inches) 0.930 

Width  just  behind  end  nasal  shovels .1^ 

Width  in  front  of  boms , 138 

Width  at  base  of  horns  in  front..* » ^if& 

Width  behind  horns  at  apex  of  frontal  satnre 1S& 

Width  al)ove  posterior  edge  meatHS  auditoriua .310 

Width  between  apices  horn-cores .370 

Width  basis  snpraoccipital  horn -core 100 

Width  including  zygomatic  arches,  (greatest) .3^ 

Length  of  nasal  bones  to  ridge  between  horn-cores 410 

Length  of  uusal  bones  to  frontal  suture ^0 

Length  of  zygomatic  fossa  above 330 

Length  from  angle  nares  to  end  shovel .206 

Length  from  angle  nares  to  end  premaxillary 156 

Length  from  end  premaxillary  to  basis  of  canine 1^ 

Length  from  end  premaxillary  to  basis  of  P.  M.  1 .^6 

Length  of  molar  series *   .1© 

Length  of  palate 450 

Length  of  ptery go- palatine  crest • .200 

Length  of  sphenoid  axis V& 

Length  of  basioccipital,  (with  condyles) W 

Width  between  tips  prcmaxillaries .070 

Width  at  canine  alveoli 185 

W^idth  between  canine  alveoli .' .060 

Width  at  diastema ,. 050 

Width  between  last  molars 070 

Width  between  pterygo-palatine  crests - 065 

Width  of  post-glenoid  process 095 

Width  between  post-glenoid  processes .096 

Width  basioccipital  at  front .073 

Width  basioccipital  at  condyles jWO 

Width  of  space  for  tympanic  chamber .034 

Length  tusk  on  curve,  (12.7  inches) .3^ 
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M. 

Diameter  at  middle  do.  (antero-posterior) 05() 

Uiameter  at  base  do.  ( an tero- posterior) 063 

Diameter  at  middle  do.  (transverse) 030 

DiametA^r  crowa  P.  M,  1  transverse 022 

Diameter  crown  P.  M.  autero-posterior 024 

Diameter  crown  M.  1  antero-posterior 035 

Diameter  crowu  M.  1  transverse 034 

Diameter  crown  M.  2  transverse 043 

Diameter  crown  M.  2  antero-posterior 015 

Elevatioii  of  shovel  above  base  of  apex  of  nasal 0&) 

The  measurements  may  require  some  correction  in  respect  to  the 
sapraorbital  width,  where  the  cranial  walls  have  suffered  from  compres- 
sion. The  frontal  of  one  side  has  been  pushed  so  as  to  overlap  that  of 
the  other  by  about  an  inch. 

The  scapula  is  of  a  sub-triangular  form,  the  front  being  vertical,  the 
apex  directed  backwards  and  an  angle  upwards.  The  posterior  expan- 
sion is  considerable,  as  in  the  elephants,  while  the  superior  angle  is 
acuminate  and  much  produced  and  massive.  The  spine  is  much  elevated, 
bounding  a  deep  supraspinous  fossa.  It  is  truncate  in  front,  descending 
to  near  the  border  of  the  glenoid  cavity.  Its  extremity  is  dilated  in 
«alate  fashion,  equally  fore  and  aft,  and  not  posteriorly  only  as  in  the 
elephants.  The  glenoid  cavity  is  flattened  so  as  to  be  longitudinal,  and 
the  cor^iicoid  is  a  rudimental  tuberosity. 

Measurements  of  scapula. 

M., 

Total  length,  (25.25  inches) 0.640 

Total  width .480 

Length  apex  from  spine 140 

Elevation  of  spine  proximally 1'25 

Length  of  glenoid  cavity 1B5 

Width  of  glenoid  cavity 110 

The  interior  side  of  the  scapula  is  strongly  convex  by  the  develop- 
ment of  two  longitudinal  ribs,  one  corresponding  to  each  fossa,  but  con- 
cave in  longitudinal  section. 

The  proximal  end  of  the  radius  exhibits  two  facets  oblique  to.each 
other,  the  larger  concave  and  transverse,  the  other  oblique  downwards. 
Transverse  width  M.  0.130 ;  vertical  .070.  The  extremity  of  a  humerus 
not  found  with  this  individual,  to  which  the  radius  applies  pretty  well, 
has  a  very  oblique  trochlear  face,  and  measures  seven  inches  across  the 
condyles.    It,  however,  belongs  to  a  smaller  species. 

The  femur  is  entire.  Like  that  of  other  species  of  the  group  it  is 
much  expanded  proximally  and  deep  distally,  with  the  shaft  contracted 
and  somewhat  flattened  in  the  plane  of  the  great  trochanter.  The  lat- 
ter is  in  one  plane,  with  its  external  margin  turned  a  little  backwards. 
The  head  is  part  of  a  globe,  and  is  a  little  more  elevated  than  the  tro- 
chanter, and  separated  from  its  apex  by  a  shallow  concavity.  There  is 
no  little  trochanter.  The  trochlear  face  is  not  elevated  nor  wide,  and 
with  lateral  borders  subequally  developed.  The  antero-posterior  axis 
of  the  condyles  is  somewhat  oblique  to  a  line  at  right  angles  to  the 
proximal  end.  On  this  account  the  interior  condyle  is  the  longer;  its 
articular  face  is  continuous  with  the  trochlear,  with  a  marginal  notch ; 
the  outer  condyle  is  continuous,  with  continuous  outer  margin.  Strong 
ridges  revolve  from  above  the  condyles  to  theposterior  faceof  the  shaft, 
the  inner  near  the  condyle.  The  outer  runs  parallel  to  the  main  axis  as 
a  low  external  ala,  and  backwards  three  inches  above  the  condyle.  The 
£ice  between  the  ridges  is  concave. 
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Measurements  of  feinur. 

Total  length,  (31.75  inches) 0.747 

Total  i)roximal  width 'iTiS; 

Diameter  of  ball 1-55] 

TianBvers©  diameter  at  middle  of  shaft <^ 

Antero-posterior  diameter  at  middle  of  shaft 054' 

Autero-posterior  d  iameter  condyles  posteriorly -• - 150 1 

Transverse  diameter  condyles  posteriorly 160 

Transverse  diameter  condyles  distally 145 

The  'pelvis  has  a  large  transverse  expansion.  The  iliac  plates  are  ovoid 
in  outline,  with  the  apex  outwards  and  downwards.  The  margins  are 
rather  thin  excepting  the  internal  above  the  acetabulum.  These  are 
massive,  and  with  a  longitudinal  excavation.  They  terminate  in  a  deep 
oblique  excavation  for  the  diapophyses  of  the  sacrum.  Tlie  inferior 
margin  rises  compressed  from  just  above  the  acetabulum.  The  latter  is 
large  for  the  size  of  the  ilia,  and  its  margins  rise  to  a  slight  elevation 
beneath  the  exterior  margins  of  the  latter.  The  imisura  acetabuli  isoh- 
clavate,  and  nearly  symmetrical.  The  os  ischium  is  compressed  and 
deeper  than  the  pubis.  It  possesses  a  tuberosity  on  the  posterior  ia- 
ferior  margin.  The  obturator  foramen  is  small,  and  is  a  vertical  oval.  ■ 
The  pubis  is  rather  slender  and  short.  Its  section  at  base  is  subtrian- 
gular;  beyond,  it  becomes  more  compressed,  and  is  spirally  twisted  on 
itself  through  a  part  of  a  circle.  Its  anterior  margin  near  the  .symphy- 
sis, is  strongly  rugose  for  the  origin  of  the  pectineus  muscle ;  the  rugosity 
extends  into  a  baud  on  the  outside  of  its  proximal  liortion. 

Measurements  of  pelvis. 

M. 

Long  diameter  of  ilium 0.605 

Transverse  diameter  at  acetabulum .'    .430 

Length  inferior  free  margin  do 250 

Long  diameter  acetabulum  1^0 

Shorter  diameter  acetabulum 190 

Short-er  diameter  obturator  foramen 070 

Width  ischium  to  tuberosity MO 

Length  ischium  at  tuberosity 110 

Diamet'Cr  pubis  at  obturator  foramen 062 

Expanse  of  ilia  laid  on  a  flat  surface  and  with  sacrum  in  place,  (4.2  feet) I.t2^ 

The  general  character  of  the  pelvis  is  more  like  that  of  the  elephant 
than  that  of  any  Peris^sodactyle.  It  agrees  with  the  former  and  diftrs 
from  that  of  the  rhinocerus  in  the  shortness  of  the  pedestals  of  the  ilias 
or  rather  in  the  sessile  position  of  the  latter  on  the  acetabala;  also  ia 
the  absence  of  production  of  the  iliac  crests  in  advance  of  and  above 
the  sacrum.  It  is  also  elephantine  in  the  shortness  of  the  inferior  ele- 
ments of  the  pelvis. 

Of  vertebrce^  there  are  preserved  a  dorsal,  two  lumbar,  and  some 
sacral.  The  first  is  very  short  and  transverse.  It  is  so  injured  thai  I  caa 
only  give  measurements.  The  base  of  the  transverse  ueurapophysis  is 
a  flat  oval ;  both  capitular  articular  surfaces  are  deep.  The  anterior 
lumbar  is  longe.r,  but  still  short ;  its  articular  faces  are  slightly  concave. 
The  neural  arch  is  wide,  and  supports  the  diapophyses.  The  sides  of 
the  centrum  are  concave  and  pierced  by  foramina,  and  there  is  a  strong; 
rugose  hjrpapophyseal  ke-el.  The  nection  at  the  middle  is  subtriangular. 
I  have  three  sacral  vertebrae  which  are  separated  by  very  distinct  sutures. 
They  diminish  very  rapidly  in  size,  and  the  centra  become  flatteued 
transverse.    It  is  doubtful  whether  there  was  a  fourth  vertebra,  and 
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the  tail  mast  have  been  short  and  slender.  The  articular  face  of  the 
first  is  a  transverse,  rather  broad  ellipse,  and  twice  the  diameter  of  the 
third  distally.  Thediapophysis  of  the  second  is  much  the  stoutest.  It 
unites  with  the  subvertical  plate-like  diapophysis  of  the  first  as  well  as 
with  that  of  the  third.  It  is  concave  above,  and  terminates  distally  in 
A  massive  Lshaped surface  of  articulation  with  the  ilium.  The  foram- 
ina inclosed  by  the  diapophyses  are  quite  large.  The  inferior  face  of 
the  first  sacral  centrum  is  slightly  concave  with  a  hypapophysial  tuber- 
osity in  front ;  it  is  strongly  concave  in  the  second. 

Measurements  of  vertebrce. 

M. 

Anteio-posterior  diameter  of  dorsal 0.044 

Diameter  at  bottom  ueural  arch  do 040 

Leugth  base  of  neai^apoiihysis 04L 

Diameter  centrum  lumbar,  (vertical) 090 

Diameter  ceu trum  lumbar,  (transverse) 110 

Diameter  centrum  lumbar,  (autero-posterior) 080 

Leugtb  three  sacral  vertebrae '2*2S 

Traos verse  extent  of  sacrum,  (15  inches) '^.0 

Diameter  first  vertebra  at  free  end,  (transverse)  (4.6  inches) 122 

Diameter  first  vertebra  at  free  end,  (vertical) 093 

Diameter  last  vertebra  at  free  end,  (vertical) 021 

Diameter  last  vertebra  at  free  end,  (transverse) 065 

Total  esj[)anse  of  heads  of  rib .: 106 

Diameter  capitular  face,  (vertical) • 04i^ 

Diameter  tubercular,  (vertical) 030 

Width  rib  just  below  head 050. 

Restoration. — We  may  ascribe  to  the  Loxolopkodon  comutus^  form  and 
proportions  of  body  similar  to  those  of  the  elephant.  The  limbs,  how- 
e\'er,  were  somewhat  shorter,  as  the  femur  is  stouter  for  its  leugth  than 
in  the  JS.  indicus.  It  was  similar  in  this  respect  to  certain  species  of 
mastodon.  The  tail  was  quite  small.  The  neck  was  a  little  longer 
than  in  the  elephants,  but  much  less  than  in  the  rhinoceroses;  the 
occipital  crest  gave  attachments  to  the  ligamentum  nuchas  and  muscles 
of  the  neck,  which  must  needs  have  been  powerful  to  support  the  long 
muzzle  with  its  osseous  prominences,  and  to  handle  with  eftect  the  terri- 
ble laniary  tusks.  The  head  must  have  been  supported  somewhat 
obliquely  downwards,  presenting  the  horns  somewhat  forwards  as  well 
as  upwards.  The  third  or  posterior  pair  of  horns  towered  above  the 
middle  ones,  extending  vertically  with  a  divergence,  when  the  head  was 
at  rest.  The  posterior  and  middle  pair  of  horns  were  no  doubt  covered 
by  integument  in  some  shape,  but  whether  dermal  or  corneous  is 
ttocertain.  Their  i)enetratiug  foramina  are  smaller  than  in  the  Bovidce. 
The  eores  have  remotely  the  form  of  those  of  the  Antilocapra  americana, 
whence  1  suspect  that  the  horns  had  an  inner  process,  or  were  palmate 
as  in  the  prong-horn  at  present  inhabiting  the  same  region.  The  nasal 
shovels  may  have  supported  a  pair  of  flat  divergent  dermal  horns,  but 
this  is  uncertain;  they  are  not  very  rugose. 

The  elevation  of  the  animal  at  the  rump  was  about  0  feet,  distributed 
as  follows:  « 

'  Measurefnents. 

Inches. 

Foot 4.50 

Tibia 20.50 

Femur 31.75 

PelTis 16.  CO 

72.75 
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The  anterior  limb  was  stouter  tliam  the  posterior,  judging  from  tbir 
proportions  in  Eohasileua  presHicornis^  and  was  no  dotibt  more  elevated 
if  of  the  Proboscidian  character.  This  would  gire  us  the  hypothetical 
elevation  at  the  withers: 

Measure^nenta. 

Leg 61.  W 

Acapnia,  (actual) 21. «« 

Neural  spiues,  (extremities) 7.00 

Or  7  feet  5  inches ^9.U' 


These  measurements  are  made  from  the  plantar  and  palmar  surfaces, 
allowance  being  made  for  the  pads. 

The  neck,  estimating  from  the  dorsal  vertebrje  and  from  the  cervieals 
of  other  species  preserved,  could  not  have  very  much  exceeded  I  foot  in 
length.  This,  added  to  the  length  of  the  cranium,  gives  a  total  of  near  four 
and  a  half  feet.  The  obliquity  of  the  anteroposterior  axis  of  the  cervical 
vertebr®  indicates  that  the  head  was  posteriorly  elevated  above  tbe 
axis  of  the  dorsal  vertebrae.  Thus  it  is  entirely  clear  that  the  muzzle 
of  this  animal  could  not  have  reached  the  ground  by  several  feet,  aud 
that,  as  occurs  in  the  similar  cases  of  the  tapirs  and  elephants,  there 
was  a  proboscis  to  supply  that  necessity.  The  indications  derived  from 
the  bones  of  the  muzzle  contirm  this  conclusion^  as  has  been  already 
pointed  out. 

Further  than  this,  the  symphysis  madibuli  is  very  short  and  narrow, 
and  its  teeth  could  have  had  no  adaptation  fur  cutting  off  vegetation. 
The  mental  foramen  is  small,  and  the  small  nutrient  artery  thus  indi- 
cated is  entirely  adverse  to  belief  in  a  powerful  or  prehensile  under  lip 
to  make  up  for  the  uselessness  of  the  teeth.  The  long  decurved  canine 
teeth  would,  moreover,  partially  prevent  the  lips  from  touching  the  ground. 
The  posterior  position  of  the  molar  teeth  indicates  use  for  a  proboscis  as 
well  as  for  a  long,  slender  t ongue.  The  fact  that  thOi foramen  infraorbiiale 
of  the  Loxolophodon  is  less  than  in  the  elephants,  in  no  wise  militateis 
against  the  possession  of  a  proboscis,  for  it  is  still  smaller  in  the  tapir, 
which  has  one,  and  larger  in  many  rodents  which  ai*e  without  it.  There 
could  have  been  no  interference  from  horns  near  the  ends  of  the 
nasal  bones,  for  the  bases  of  these  project  beyond  the  origin  of  a  pro- 
boscis, and  were  directed  outwards,  while  the  latter  hung  downwards. 

This  species  was  probably  quite  as  large  as  the  Indian  elephant^  for 
the  individual  described  is  not  adult,  as  indicated  by  the  freedom  of  the 
epiphyses  of  the  lumbar  vertebrae,  and  fragments  of  others  in  my  posses- 
sion indicate  very  considerably  larger  size. 

Habits. — The  very  weak  dentition  indicates  soft  food,  no  doubt  of  a 
vegetable  character,  of  what  particular  kind  it  is  not  easy  to  diviue. 
The  long  canines  were  no  doubt  for  defense  chiefly,  and  may  have  been 
useful  in  pulling  and  cutting  vines  and  branches  of  the  forest.  The 
horns  furnished  formidable  weapons  of  defense.  That  the  anterior 
na§al  pair  were  not  used  for  rooting  in  the  earth  is  evident  from  the  ele- 
vation of  the  head,  which  would  render  this  impossible. 

This  huge  animal  must  have  been  of  defective  vision,  for  the  orbita 
have  no  distinctive  outline,  and  the  eyes  were  so  overhung  by  the  horns 
and  cranial  walls  as  to  have  been  able  to  see  but  little  upwards.  Tbe 
muzzle  and  cranial  crests  have  obstructed  the  view  both  forward  and 
backward,  so  that  this  beast  probably  resembled  the  rhinocefos  in  tbe 
ease  with  which  it  might  have  been  avoided  when  in  pursuit. 

Suno7njmy.— According  to  Marsh,  he  described  this  species  Septem- 
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21, 1872,  ander  the  name  of  Tmoceras  grandiSj  which  thus  becomes 
sjrnonyui  of  Loxolaphodon  cornuttis.  As  the  Dame  Tinocei^m  had  uever 
described  prior  to  that  date^  although  applied  to  the  Titanothe- 
Tium  (?)  anoepSy  Marsh,  previously  without  description,  this  name  becomes 
a  sjnonym  of  Loxolopliodon  or  I^ohasileus^  should  the  two  latter  ulti- 
mately prove  to  be  ideutical. 

JLacalitv. — ^Tlie  remains  of  the  Loxolaphodon  cornutus  were  found  by 
the  writer  in  August,  1872,  in  a  ravine  of  the  bad  lands  of  Wyoming, 
The  greater  part  of  the  cranium,  femur,  &c.,  were  excavated  from  the 
base  of  a  clili'  of  perhaps  250  feet  in  height,  on  the  side  of  a  ravine  ele- 
vated about  1,000  iieet,  in  the  Mammoth  Buttes,  on  South  Bitter  Creek. 
As  the  basin  of  Bitter  Creek  is  7,500  feet  above  the  sea,  the  fossil  was 
taken  from  an  elevation  of  8,500  feet.  The  horizon  is.  the  Bridger 
Group  of  the  Eocene  of  Hayden, 

EOBASILEUS,  Cope. 

Ftoceedings  of  tbe  American  Philosoplilcal  Society,  1872  p.  485,  {separata^  August  20.) 

As  pointed  out  above,  this  genus  resembles  Loxolophodon  in  the 
cervical  vertebra?,  but  agrees  with  UintatJierium  iu  the  rudimental  con- 
dition of  the  nasal  liorn-cores,  which  are  mere  tubercles.  The  poste- 
rior or  third  pair  of  horn-cores  are  also  very  different,  and  probably 
stund  on  the  largely  developed  lateral  crests  of  the  superior  surface  of 
the  cranium,  as  in  UintatJierium.  They  are  apparently  preserved  in  E>, 
furcatumj  (which  is  not  the  type  of  the  genus,)  and  are  compressed  from 
base  to  summit ;  in  Loxolophodon  the  base  is  nearly  cylindric. 

'Hie  characters  of  this  genus  had  not  been  indicated  in  any  of  the 
descriptions  published  by  paleontologists  prior  to  its  establishment  as 
above  cited. 

Tbe  cervical  vertehrce  in  E.  pressicornis  are  very  short.  The  limbs  are 
mncb  as  in  Loxolophodon^  as  are  the  scapula  and  pelvis.  The  symphysis 
pubis  of  E.  pressicornis,  or  an  ally,  is  short,  and  was  separated  it'rom  the 
ischiadic  symphysis;  but  whether  this  belongs  to  the  genus  is  not 
entirely  certain. 

The  unciform  bone,  of  perhaps  the  same  species  as  the  above,  displays, 
as  in  Hving  probpscidians,  three  inferior  tacets.  The  external  facet  is 
deeply  concave,  and  unites  with  the  superior  face  by  an  acute  angle.  It 
supported  the  small  outer  toe  by  it«  metatarsus  directly.  The  other  two 
are  more  nearly  on  one  plane,  and  are  deeper  than  wide.  The  unciform 
is  in  form  alittieless  than  a  quarter  of  a  circle,  .nnd  the  external  (anterior) 
depth  is  one  half  its  transverse  length.  Its  superior  surface  is  slightly 
convex. 

EOBASILETJS  PRESSICORNIS,  Cope. 

loxolaphodon  presaicomiSy  Cope.  Proceed.  Amcr.  Philos.  Soc.,  1872,  p.  580,  (published 
Anpcnst  19.)  Loc.  cit.,  p.  488,  (August  22.)  EohaHletts  cornutus^  Cope,  1.  c,  p.  485, 
f  August  20,)  not  Loxolophodon  cornnttiSj  Cope,  1.  c.,  August  19. 

Represented  by  numerous  portions  of  the  cranium;  with  fragments  of 
Mmbs  of  one  individual ;  of  almost  all  portions  of  the  skeleton,  except 
^e  cniDiam,  of  a  second.  A  humerus,  with  astragalus  of  a  third,  is  of 
mieertain  reference,  while  a  single  humerus  of  another  specimen  may 
belong  here.  Fragments  of  several  other  individuals  of  appropriate 
sise  may  pertain  to  it. 

The  cranmm  is  represented  by  nasal,  maxillary,  malar,  occipital  bones* 
&c.    The  first  named  has  a  half-conic  apex,  and  an  oblique  compressed 
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tuberosity,  which  forms  the  lateral  border  behind  it,  and  is  directed 
obliquely  upward.  The  apex  of  e^ich  nasal  is  verti(ia!ly  compressed 
acute,  and  is  deeply  pitted  and  rugose  for  muscular  or  ligaineutqai 
attachments.  The  inferior  lateral  marginal  ridge  is  contracted,  and 
incloses  a  concave  median  space.  The  tuberosity  sinks  to  the  level  of 
the  median  suture.  The  posterior  part  of  the  nasal  rises  to  the  apex(^ 
the  middle  horn-core,  forming  its  inner  face.  The  postero-superior  angle 
of  the  premaxillary  reaches  to  near  the  base  of  the  horn,  and  is  not 
drawn  out  to  a  narrow  apex  as  in  L.  cornutus.  The  horn  is  compressed 
antero-posteriorly  at  the  base ;  at  the  apex  obliquely  inward  and  for- 
ward. The  outer  face  is  concave  on  the  lower  half;  the  inner,  convex. 
The  i)osterior  face  is  concave  and  the  anterior  convex,  when  viewed 
from  the  side. 

Measurements  of  nmsal  bone, 

M. 

Width  of  both  at  tuberosity 0.1^4 

Width  of  both  at  base  of  distal  cone (KI9 

Depth  of  snture  at  front  of  laberosity tCW 

Length  of  8utm*e,  from  premaxillary  to  horn-core 035 

Length  of  bom-core,  (in  front,)  (6  inches) : ICO 

Diameter,  (externally) <>"?0 

Diameter  of  apex W8 

The  occipital  region  is  furnished  with  an  enormous  transverse  crest 
which  extends  upward  and  backward.  Its  margin  is  gently  convex, 
and  its  supero-anterior  face  concave.  The  posterior  is  narrowed  by  the 
inferior  creat-like  margins  of  the  temporal  fossae,  which  extend  from  the 
squa^nosal  part  of  the  zygoma  and  gradually  contract,  terminating 
abruptly  in  a  low  knob  where  it  joins  the  transverse  crest.  The  poste- 
rior face  between  the  former  is  divided  into  two  planes  by  alow  verticjil 
ridge,  which  terminates  some  distance  below  the  summit.  The  trans- 
verse crest  is  continued  in  a  curve  forwards  on  each  side  as  the  superior 
margin  of  the  temporal  fossa.  The  specimen  does  not  indicate  whether 
these  crests  supported  horns,  but  they  are  very  stout. 

Meas\iremeiits  of  occiput. 

Elevation  from  foramen  magmtm O.180 

Width  between  inferior  temporal  crests ioO 

Width  of  condyles  with  foramen 1  0 

Elevation  above  internal  sinuses  at  angles 180 

The  mastoid  tuberosity  is  short  and  stout;  the  mastoid  foramen  is 
large  and  not  piercing  a  crest.  The  ex-occipital  suture  is  dbliterated. 
The  ^Y-sli^P^<l  crest  behind  the  meatus  in  Loxolophodon  cornutus  is  Httle 
marked  here.  The  surface  of  the  bone  has  various  muscular  impres- 
sions. The  basi-occipital  exhibits  a  low  median  crest  dividing  lateral 
conciivities ;  transverse  width  at  condyles  .077  M.  The  fragments  of 
teeth  are  too  uncharacteristic  for  specific  description.  Numerous  cra- 
nial fragments  accompany  the  above,  but  have  not  yet  been  properly 
placed. 

The  atlas  is  broken  ;  its  cotyloid  cavities  are  rather  shallow^,  and  the 
diapophyses  small.  Its  antero-posterior  diameter  below  at  the  middle 
line  is  .070 ;  at  base  of  diapophysis  .070.  The  condyles  of  the  femwr 
present  the  characters  of  the  group.  There  is  a  deep  vertical  groove  on 
the  inner  side  just  above  the  condyle.  The  latter  approach  each  other 
clojsely  on  each  side  of  the  intercondylar  fossa  and  are  flattened  on  the 
superior  posterior  margins.    Width  across  extremities  M.  .150. 

At  a  distance  of  100  or  200  feet  from  the  above  specimen  I  found 
portions  of  the  skeleton  of  a  smaller  animal,  probably  a  different  bat 
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^jPkUied  species.  It  is  represented  by  portions  of  ribs  and  limbs,  of  which 
Ij^tfl^  nlua  is  described  under  Ui7itathe>'ium.  Two  or  three  hundred  yards 
^|h>in  the  typical  specimen,  I  obtained  remains  of  almost  all  parts  of  the 
jAkeleton  of  what  is  probably  the  present  species.  The  femur  is  identical 
1^1  character.  The  specimen  embraces  cervical,  dorsal,  and  lumbar  verte- 
-|l>rse,  ulna,  both  femora  and  tibisB,  astragalus,  navicular,  &c.,  and  large 

parts  of  the  scapulae  and  pelvis. 

The  scapula^  in  4ts  proximal  portions,  differs  little  from  that  of  Lo^o- 

lophodon  comutuSy  beyond  its  inferior  size.-   The  coracoid  is  a  compressed 

tubercle  inclosing  a  groove  with  the  glenoid  cavity. 

Measurements. 

M. 

Diameter  glenoid  cavity,  (longitadinal) 0,169 

Diameter  glenoid  cavity,  (transverse) 098 

The  08  pubis  displays  a  strong  pectineal  rugosity,  commencing  near 
the  acetabulum. 

Measurements, 

M. 

Long  diameter  of  acetabulnm 0.143 

Length  common  pnbic  sntnre   108 

Diameter  pnbis,  near  acetabnlam 032l 

The  femur  is  nearly  as  long  as  that  of  LoxolophocUm  eamutusj  but  is 
more  slender,  and  has  a  relatively  smaller  head.  It  is  flattened  fore 
aod  aft,  and  the  great  trochanter  is  much  expanded  and  with  a  shallow 
concavity  on  the  posterior  face.  There  is  a  marked  concavity  ou.  the 
posterior  face  of  the  shaft  above  the  condyles.  There  is  a  rudiment  of 
the  little  trochanter.  The  tibia  is  scarcely  three-fourths  the  length  of 
the  femnr,  and  has  a  rather  contracted  shait,  which.is  in  section  rounded 
triangular,  one  angle  presenting  forward.  There  is  no  spine  except  a 
rudiment  in  the  swollen  upper  portion  of  the  anterior  ridge.  The  articu- 
lar surfaces  are  together  rather  narrowly  transverse.  They  are  sepa- 
rated by  a  keel  which  is  undivided  posteriorly ;  anteriorly,  the  contiguous 
margins  of  the  cotyli  separate.  The  long  axis  of  the  inner  of  these  is 
directed  antero-posteriorly  outward  in  front ;  of  the  other,  similar  but 
much  more  transverse.  It  overhangs  the  shaft  outward  and  backward, 
and  supports  beneath,  the  sul>round  down-looking  fibular  articular  sur- 
face. The  distal  articular  surface  is  distinguished  from  allied  species 
by  the  downward  prominence  of  the  malleolar  process,  the  antero-poste- 
rior  width,  and  the  greater  extent  of  the  fibular  articular  face.  The 
face  is- slightly  concave  antero-posteriorly,  and  openly  sigmoidal  transr 
vcrsely. 

Measurements  of  leg. 

Length  witli  astragalnsin  place 1..900 

Femur,  len^i^b 1 750 

Penrar,  diameter  ball 118 

Femur,  widtb  at  great  trochanter t>20 

FMnur,  widtb  at  middle  shaft 091 

Femur»  depth  at  middle  shaft « 060 

tibia,  length 470 

tibia,  width  proximal  sarfaces,  (transverse) 147 

TUbta,  widtb  proximal  surfaces,  (antero-posterior) 070 

Tibia,  transverse  diameter  shaft 061 

Tibia,  antero-posterior  diameter  shaft 065 

Tibia,  antero-iKMterior  diameter  shaft,  distal  articalation 092 

Tibia,  transverse  diameter  shaft,  distal  articulation 121 

Fibula,  length 430 

37  CKS 
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MeasuremenU. 

Fibula,  trabBverse  width  at  middle 09 

Fibnla,  width  |nroximal  articnlar  face Mj 

Fibula,  width  malleolar  articular  face,  (transverse) M 

Fibula,  width  malleolar  articular  face,  (longitudiual) M 

1 

A  section  of  the  fibula,  near  the  proximal  end,  is  sub-triangrular;  a 
short  distance  below,  sab-circalar ;  oa  the  distal  two-thirds  it  is  JBa% 
with  the  thinner  edge  convex  inward. 

The  astragalus  is  a  fiat  bone,  with  its  entire  superior  face  occupied  bj 
the  tibial  articular  surface.  This  is  its  broad  as  long,  and  very  little 
convex.  It  is  broader  in  front  than  behind  j  the  outer  margin  is  con- 
cave, the  inner  slightly  convex.  The  posterior  margin  projects  most  w 
the  outer  side,  and  it  is  divided  by  a  pit-like  cavity,  which  sends  a^ 
groove  to  the  inner  margin.  The  outer  malleolar  surface  is  an  antero-| 
posterior  oval ;  the  inner,  a  concavity,  beyond  which  the  inferior  p<»»* 
tion  of  the  bone  projects.  The  inferior  face  is  divided  by  a  prominent 
transverse  angle,  between  sab-anterior  and  sub-posterior  faces.  The 
latter  receives  the  calcaneum  on  two  oval  surfaces,  which  are  joined 
behind  by  a  narrow  strip.  The  navicular  face  is  sub-rhomboid,  th« 
cuboid  one-third  as  large,  and  triangular,  with  a  round  base  oatwfud. 
The  margin  of  the  former  scarcely  projects  beyond  the  superior  face. 

Measurements  of  astragalus. 

Total  width 0.188 

Total  length 107 

Width  tibial  face  in  fiont 090 

Length  tibial  face,  externally .^. . .     .  0H8 

Length  internal  malleolar  face -. 01$ 

Length  outer  calcaneal y  malleolar  face,  antero-poateriorly QSO 

Length  navicular  facet 065 

Width  navicular  facet,  (anteru-poeterior) 000 

Length  cuboid  facet 065 

Width  cnboid  facet,  (antero-posterior) 


A  cuneiform  belonging  to  the  individual  mentioned  first,  has  beea 
already  described. 

Measurements  of  cun/dfcrm. 

M. 

Depth  in  front OC 

Width,  (traneveree) 09l» 

Width  of  internal  facet 038 

Width  of  second 037 

Width  of  third 043 

Width  of  external O* 

A  distal  end  of  a  humerus  was  found  with  two  astragali  about  100 
yards  from  the  last  individual.  The  articular  face  is  very  oblique  to 
the  transverse  axis,  but  is  about  equally  developed  on  opposite  sides  of 
the  shaft.  The  condyles  are  unequal,  have  parallel  axes,  and  are  Bep» 
,  rated  by  but  a  shallow  concavity.  The  fosssd  of  opposite  sides  are  not 
very  large  nor  deep. 

Measurefnents  of  humerus. 

M. 

TransTerse  diameter,  distally ITS 

Transverse  of  inner  condyle 104 

Transverse  of  outer  condyle 1S5 

Transverse  diameter,  olecranon 119 
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The  portioD  of  ulna  jnst  measured  belongs  to  the  individual  of  which 
0  Biaoy  fragments  were  found,  or  No.  2. 

^Tfae  dorsal  vertebrte  of  the  same  are  somewhat  distorted  by  pressure; 
LWill  thereforedescribe  a  cervical  of  natural  form.  The  centrum  is  very 
port,  and  the  articular  face  is  a  wide,  transverse  oval.  Both  are  slightly 
Rmcave,  and  the  axis 'being  slightly  oblique,  the  anterior  is  the  more 
ievatod.  The  surface  of  Qie  latter  is  quite  rugose,  except  on  the  mar- 
IJtais.  The  eervical  canal  is  wide,  and  the  neurapophyses  and  para- 
lophyseB  narrow.    Inferior  surface  regularly  convex. 

Measurements  of  cervical  vertebra. 

M. 

CflntmiD 044 

bnns  neorftiK^hysis 040 

igih  anterior  articoJar  face 102 

SIh  anterior  articular  face 0R() 
th  neural  canal  at  baee .' 060 

Edations. — Besides  the  difference  in  the  development  of  the  anterior 
iasal  tuberosities,  which  might  be  sexual  only,  this  species  differs  from 
£.  wmutiis  in  the  simple  naso-maxillary  horn-cores,  which  want  the 
interior  tuberosity  of  that  species,  and  in  the  fact  that  they  are  com- 
posed exclusively  on  their  inner  sides  of  the  nasal  bones  to  the  apex, 
the  maxillaries  forming  the  outer  face.  E.  pressicomis  has  also  a  much 
wider  and  less  massive  snpraoccipital  basin,  with  lighter  horn-cores, 
if  present.    Minor  differences  have  been  already  mentioned. 

llie  measurements  given  by  Marsh  for  his  Titanotherivm  (F)  anceps 
(later  Tinooeras  aneepe)  are  considerably  smaller  than  those  of  corre- 
tponding  parts  of  lUobasileus  pressicornis,  but  represent  more  nearly  a 
species  of  the  size  of  Uintatherium  robustum.  When  the  species  is-suifi- 
ciently  described,  we  shall  be  able  to  determine  to  which  of  the  genera 
iL  should  properly  be  referred. 

Bestoratwn. — ^The  elevation  of  this  animiil  was  not  much  less  than 
ttat  of  the  Loxolophodon  eamuttis,  but  the  proportions  were  more  slender  ^ 
as  in  all  the  species  of  Uintatherium  in  which  the  horns  are  known, 
these  appendages  stood  in  front  of  the  orbits,  and  nearer  the  nareal  open- 
ing than  in  the  type  of  the  former  genus.  The  muzzle,  too,  is  materially 
shorter  and  more  contracted,  and  the  true  apex  of  the  muzzle  was  not 
overhung  by  the  great  cornices  seen  in  Loxol^hodon.  The  horn-sheaths 
were  probably  simple,  while  in  L,  comutus  they  were  probably  palmate. 
Ihe  occipital  and  parietal  crests  are  much  more  extended  in  this  species 
than  in  the  L,  camutus^  so  that  in  life  the  snout  and  muzzle  had  not  such 
ft  preponderance  of  proportion  as  in  that  species.  All  the  species  of  this 
genus  were  rather  more  rhinocerotic  in  Uie  proportions  of  the  head, 
Although  the  horns  and  tusks  produced  a  very  different  physiognomy. 
Ihe  extremities  of  the  nasal  bones,  though  not  excavated  as  in  that 
species,  are  strongly  pitted  and  exostosed,  and  this,  taken  in  connecti(m 
with  the  elevation  of  the  head,  renders  it  probable  that  this  species  also 
possessed  a  proboscis. 

History, — ^This  species  was  originally  des<uribed  by  the  writer  in  a  short 
paper,  which  was  published  and  distributed  August  19, 1872,  under  the. 
generic  name  Loxolophodon,  1  shortly  afterward  referred  it  to  the  new 
genus  JBobasileus,  under  the  name  oomutus,  under  the  impression  that  it 
was  the  same  as  the  LoxoUyphodon  camutus;  but  finding  this  was  not  the 
^^ftfie,  I  again  used  the  specific  name  here  adopted. 
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EOBASlIiEUS  FUBOATUSy  Gop6. 

Loxolophodon  h}furcaiit8y  Cope,  in  extra  copies  on  Proboscidians  of  the  EooAoe  of  Wy»^ 
min^,  Angnst  19,  1872.*  Loxolophodon  fwrcaius  in  the  same.  PtooeedingB  AmeoBB 
Philosophical  Society,  1872,  p.  580,  separatay  Aug.  20.    L.  c.  488,  August  22. 

This  species  was  originally  described  from  a  large  bora-core  whose  ex- 
tremital  part  resembles  strongly  the  nasal  shovel  ot  Eoba^ileus  eonni 
on  which  account  I  referred  it  to  that  position  on  the  skall.  Msush  has 
described  somewhat  similar  horn-cores  from  the  lateral  crests  of  tin 
skull  behind  in  U.  mirabiley  whence  it  may  be  that  my  speciinea  is 
referable  to  that  position,  although  it  difiers  much  from  those  of  Ihit 
species. 

The  basis  is  very  narrow  and  lenticular ;  a  short  distance  above  it  the 
outer  side  is  convex.  The  anterior  and  posterior  extensions  of  the  base 
difter )  the  one  is  thinner,  the  other  more  massive  and  with  a  shaUov 
groove  above  its  commencement.  The  latter  may  be  posterior.  U  so, 
the  compressed  apex  of  the  horn-core  sends  down  a  rib  outwardly  to  the 
anterior  and  one  inwardly,  which  disappears  on  the  convex  base.  The 
general  form  is  spatulate  with  the  apex  expanded  obliquely  across  tbe 
lateral  crest,  and  regularly  rounded  in  superior  outline.  Its  anterior 
ia«  e  is  flat,  the  posterior  convex;  its  surface  is  grooved  by  very  soiail 
blood-vessels. 

As  compared  with  the  posterior  horn-core  of  Loxolophodon  oormiKku, 
there  is  every  diiierence.  That  is  continuous  with  one  margin  of  the 
crest,  this  erect  above  it ;  that  has  a  round  base,  this  a  lenticular  one. 
It  is  more  like  that  of  U,  mirahile^  which  I  only  know  from  Marsh's  fig- 
ure, but  abundantly  distinct.  It  is  much  more  elongate,  especially  above 
the  (f )  posterior  part  of  the  crest,  and  is  flattened,  and  without  the  triAa- 
gular  section  of  that  species. 

Measurements  of  horn-core. 

H. 

The  total  length  above  crest,  (5. 5  inches) 0.135 

The  total  length  above  base,  (7^  inches) 160 

Width  across  apex,  (in  front) <W6 

Thickness  across  apex,  (in  front) .039 

Thickness  at  base MO 

It  is  not  certain  that  this  horn  may  not  belong  to  the  JS.  pres9ieomis^ 
if  it  be  a  posterior  core,  of  which,  however,  I  am  not  yet  sure.  In  thftt 
case  the  wdmefurcaUis^  under  which  it  was  first  described,  becomes  a 
synonym  of  £.  pressicornis, 

UINTATHEEIUM,  Leidy. 

Proceedings  Academy  Natural  Sciences,  Philadelphia,  1872,  p.  1S9,  (pablisfaed  Attgost 
1st.)  UintamastiXy  Leidy, loc.  cit.,  Dinoceraa,  Marsh,  Amar. Joum.  Sci. Arts,  1872.  (xto- 
ber,  1872,  (published  September  27.) 

This  genus  resembles  the  last  in  its  general  proportions,  but  differs  Id 
its  more  elongate  cervical  vertebrae.  The  centra  of  these  are  flat  at  both 
extremities,  but  have  not  such  a  marked  elephantine  abbreviation  as 
seen  in  the  two  genera  above  described.  This  enabled  the  head  to 
approach  the  ground  more  nearly,  and  as  the-  limbs  were  shorter  in 
some  of  the  species,  they  no  doubt  modified  the  length  of  the  proboscis, 
if  present. 

Several  names  have  been  applied  to  this  genus.  Professor  Leidy*:^ 
name,  here  employed,  bears  date  early  in  August.  Under  date  of  Sep- 
tember 27th,  Professor  Marsh  proposed  the  name  Dinaceras  (Araericao 
Journal  Science  Arts,  1872)  for  the  U.  mirabile^  but  did  not  give  his 

*See  Proceedings  American  Philosophical  Society,  1872,  p.  515,  where  this  naiM  is 
recorded. 
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leasonB  for  separating  it  from  bis  TinoeertM^  (the  names  of  the  two  bear 
Ml  ol^ectionable  resemblance,)  or  those  published  by  Br.  Leidy  or  my- 
Belf.  As  it  is  evidently  synonymous  with  JJintatherium^  I  include  \l 
here,  as  is  done  by  Dr.  Leidy. 

I  am  aeqaainted,  by  autopsy,  with  two  species  of  this  genus,  l&o^id 
of  them  are  so  large  as  the  UohasUeus  pressicarnis.  U,  robttstunij  Leidy, 
m  smaller,  and  the  U.  laoustrej  Marsh,  smaller  still.  U.  mirabilej 
{DmoceraSj)  Marsh,  is  about  the  size  of  the  U.  rolmstumj  and  nearly 
Allied  to  it;  but  it  may  be  distinct,  as  it  wants  a  tubercle  on  the  last 
iHiolar.  I  therefore  retain  three  species,  as  follows :  Uintatherium  rohus- 
turn,  Leidy }  U.  mirabiley  Marsh ;  U.  lacustre^  Marsh.  For  convenience 
I  compare  these  species  with  those  of  UobasUeus. 

The  naso-maxillary  horn-cores  have  been  seen  in  U.  presaicomis  and 
U.  mirabUey  and  the  nasal  tubercles  in  the  same.    The  posterior  hom- 
oores  are  known  in  the  U.  mircMle.    The  posterior  and  lateral  crests  of 
Iheoraniam  inclose  a  basin-shaped  concavity  above  in  all  these  species; 
.tthas  been  observed  in  all  but  E.fareatus.    The  dentition  is  similar  to 
tiiat  in  Loxolophodtmj  i,  6.,  1. 0;  0. 1 ;  P.  M.  4 ;  M.  2.    The  first  premolar 
in  U.  lacustre  has  an  internal  cone  and  outer  concave  crest.    The  worn 
anrfaoes  of  the  other  teeth  in  that  species,  U.  robustum  and  Z7.  mirabile^ 
are  narrow  ovate,  with  a  deep  exterior  emargination.    The  true  molars 
support  two  crests,  which  converge  inwards  and  unite :  there  is  a  small 
tubercle  behind  the  apex  in  U.  ^otistre  and  U>  robustum.    The  tusk  is 
long,  compressed,  and  doublenedged,  as  in  Loxolaphodon.    The  last  in- 
ferior molar  in  U.  robustum  possesses  three  transverse  crests,  the  pos- 
terior two  parallel,  and  obliquely  directed  inwards  toward  the  axis  of 
the  anterior,  which  is  the  highest. 

In  a  specimen  of  one  of  the  smaller  species,  the  ulna  widens  consid- 
erably distally,  being  nearly  as  wide  as  the  much  expanded  olecranon. 
The  latter  is  large,  £ittened,  and  subtransverse,  and  presents  a  sharp 
ridge  internally.  On  the  inner  side  of  the  distal  part  of  the  articular 
tace  for  the  humerus  is  a  tubercle,  from  which  a  short,  wide  groove  runs 
<mt  on  the  inner  face  of  the  bone.  The  head  of  the  radius  is  a  little 
exterior  to  the  middle  line,  and  the  shaft  crosses  the  ulna  in  an  open, 
shallow  groove,  to  the  inner  side. 

The  eiAoid  is  flat,  and  displays  two  proximal  and  two  distal  articu- 
lar facets  in  77.  furcatum.  The  astragalus  of  the  same  species  is  sub- 
bifoicate  posteriorly,  and  has  internally  an  extensive  oblique  malleolar 
fossa.  The  oalccmeum  is  short  and  massive,  witii  two  superior  and  one 
small  anterior  articular  facet. 
The  species  may  be  thus  distinguished: 

!•  Large  species,  (occipital  condyles  extending  over 
about  0^.170 :) 
Naso-maxillary  horns  long;  tibia  with  wide  articular 

faces ]S.  pressicornis. 

Bom-cores  flat,  elevated E.fureatus. 

2.  Species  of  intermediate  size : 

Molars  smaller,  with  an  additional  tubercle  on  the  last.       Z7.  robustum. 

lASt  molar  without  additional  tubercle,  (Marsh  ;)  max- 
illary horn-cores  low,  triangular ;  post^ior  horn-cores 
short,  triangular  in  section U.  mirabile. 

3.  Smallest   species,  (occipital   condyles    extending 
over  about  0^.095 :) 

Volar  teeth  larger,  the  last  with  a  posterior  expansion.         U,  lacutetre. 

devious  to  describing  the  species  I  notice  a  part  of  the  skeleton  of  a 
large  mammal,  second  only  in  bulk  to  Loxolophodon  and  Eobasileus  above 
^iescribed. 
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These  remains,  which  were  not  fonnd  in  association  with  a  craniimi 
consist  of  several  vertebrse,  some  carpal  bones,  and  the  entire  bind  liah 
of  the  left  side  except  the  toes  and  the  cuneiform  and  navicular  bonea 

The  odontoid  process  is  very  stout,  with  a  descending  trihedral  apcob 
Length  M.  .078;  diameter  at  base,  .048.  A  dorsal  vertebra,  with  a  Singh 
(anterior)  capitular  articular  face,  is  quite  concave  in  front. 

Measurefnents. 

M. 

Diameter  antero-posteriorly .(67 

Diameter  vertically .091 

A  cervical  vertebra  has  the  proportions  of  the  dorsal  as  to  its  cent- 
rum, thus  dififeriug  materially  from  species  previooslj  described.  Tbe 
articular  surfaces  are  slightly  concave. 

Measurements. 

It 

Leugth  (anteco-poBteriorly) 0.905 

Diameter,  vertical 06P 

Diameter,  traD#T6r0e 1€9 

The  femur  resembles  that  of  the  other  species  already  described,  hot 
is  remarkable  for  the  relatively  small  size  of  the  head.  While  five 
lengths  of  the  bone  are  not  very  different,  and  the  expanse  of  the  great 
trochanter  about  the  same,  the  head  of  X.  cotnutue  is  large,  the  preaeot 
one  is  very  much  smaller,  and  that  of  E,  pressioomis  intermediatP. 
There  is  a  rudimental  third  trochanter,  and  the  condyles  are  as  large 
as,  and  similar  to,  those  of  K  pressicomis.  The  external  marginal  con- 
dylar ridge  is  quite  short.  The  shaft  is  broken  and  some  small  pieces 
lost ;  it  is  now  2G  inches  long,  but  wa«  no  doubt  longer  when  eompleta 

MecLSuremeiiU  of  femur. 

Expanse  of  ereat  trochanter 0.fl3D 

Diameter  of  bead , 109 

Diameter  of  shaft  at  middle • * €93 

Diameter  above  condyles ISS 

Diameter  at  extremity  of  condyles 139 

Diameter  (vertical)  of  inner  condyle .* ItS 

The  tibia  is  perfectly  preserved.  It  is  short  and  stout,  and  with  mass- 
ive extremities.  The  outer  basal  part  of  the  spine  remains  and  is 
prominent.  The  cotyli  are  not  oblique ;  the  inner  is  sub-round,  the  outer 
transverse,  widening  outwardly  ^  their  long  axes  are  at  right  angles  to 
cfach  other.  The  crest  is  a  low  ridge  of  contact  of  the  cotyli.  The 
superior  fibular  face  is  a  transverse  oval ;  the  inferior  much  smaller  than 
in  E.  pressicornis.  The  shaft  is  contracted,  and  flattened  behind  and  on 
the  inner  side.  The  distal  extremity  is  transverse,  less  tmnoated  for 
the  fibula  than  in  E.  pressieomiSj  less  convex  behind,  and  with  a  less 
prominent  external  malleolus.  The  point  dividing  the  astragalus  b^ 
bind  is  more  prominent. 

Afeasurements  of  tibia. 

u. 

Total  length 0.3W 

Diameter  head  longitndinal 060 

Diameter  head  transverse ^ 138 

Diameter  shaft  transverse 063 

Diameter  do.  antero-posterior 060 

Diameter  distal  articulation  antero-posterior 977 

Diameter  distal  articulation  transverse 113 

Diameter  distal  extremity,  fore  and  aft 093 

Diameter  distal  extremity,  transverse 


'7-   ».-•  -  -  .....   ^ 
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-  These  measurements  sbow  that  this  bone  is  considerably  shorter  than 
ijDL  E.  pre8$icorniSy  though  of  equal  distal  diameter.  In  both  species  the 
measorements  considerably  exceed  those  given  by  Marsh  for  his  Titana- 
^ifirium  {lyarweps.  The  form  of  the  articular  extremities  in  this  animal 
Ijl^fiTers  £Lom.  both  in  being  more  narrowed  and  transverse. 

The  fibula  is  larger  proximall^^  and  smaller  distally  than  in  H.  pre^si- 
eomis.     Diameter  proximal  articalar  face  ,039 ;  of  the  diatal  .045. 

The  astragalus  is  similar  in  size  and  form  to  that  of  E.  pressicarnisj 
but  differs  in  two  points.  The  posterior  margin  is  deeply  incised  for 
'the  ligamentous  insertion,  and  the  outer  lobe  is  clearly  cut  to  this  fossa, 
'  on  the  inner  side.  There  is  a  pit  for  a  ligament  on  the  convexity  of  the 
inner  part  of  the  middle  of  the  tibial  articular  face.  A  third  difference 
IS  seen  on  the  inferior  face.  The  inner  calcaneal  facet  is  longer  and 
narrower,  and  is  margined  on  the  inner  side  by  a  large  fossa  parallel  to 
its  axis,  which  is  wanting  in  the  other  species.  The  aUccmeum  is  short 
and  wide;  its  only  anterior  articulation  is  with  the  cuboid  and  is  small. 
The  heel  ia  deeper  than  long,  and  is  obliquely  truncate  downwards  and 
inwards. 

Measurements  of  calcaneum. 

M. 

Length 0.105 

Width : 092 

Depth  in  frout 056 

Length  heel 047 

Depth  heel 055 

Leogib  OQboid  fteet 1 038 

The  eutaid  is  a  flat  sub-triangular  bone  with  two  unequal  articular 
&Ges  below* 

Measurements. 

M. 

Length ^ 0.064 

Width 076 

Depth 031 

length  cnneiform,  (antero-poeterior) 040 

Depth  cnneiform 017 

The  humerus  of  a  third  specimen  may  or  may  not  belong  to  this  species. 
It  was  found  in  another  locality.  Its  condyles  are  much  less  oblique 
than  in  that  one  described  under  E.pressicomis.  The  olecranar  fossa  is 
shallower.    It  belonged  to  a  larger  animal. 

Measurements  of  humerus. 

Ttsneveree  diameter  dietaUy,  (7.75  inches) ^ 0.195 

Tnuitvene  diameter,  inner  condyle 125 

Remarks. — ^The  remains  were  discovered  by  the  writer  in  the  Bridger 
Bad  Lands,  on  South  Fork  of  Bitter  Greek,  Wyoming. 

UmxATHEBiUM  BOBUSTUM,  Jjcidy. 

Prooeedings  Academy  Natural  Sciencee,  Philadelphia,  1872,  p.  169,  Angnst.     Uinta- 

maatix  atrox.  Leidy,  1.  c. 

I  have  been  able  to  examine,  throngh  the  kindness  of  Professor  Leidy, 
the  type  of  his  description,  and  find  it  to  belong  to  a  smaller  species 
than  aoy  of  those  above  described.  The  lateral  parietal  and  supra- 
occipital  crests  are  well  developed,  and  the  latter  extends  obliquely 
^ckwards.    Several  peculiarities  are  to  be  observed  in  the  dentition. 
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Thus  there  is  a  ^eat  inequality  iu  the  height  of  the  transTerse  erestsof 
the  posterior  upper  molar,  the  anterior,  or  the  arched  one,  rising  to  a 
high  cusp  at  its  outer  extremity.  A  small  tubercle  exists  on  the  side 
of  the  inner  angle  of  the  grinding  surface  in  the  penultimate  moKac 
The  same  angle  is  much  elevated  in  an  anterior  molar.  The  caoine  is 
wider  distally  than  in  L.  oomutus^  and  less  recurved.  The  mastoid 
process  is  quit^e  prominent.  The  humerus  has  a  prominent  internal 
condyloid  ridge  and  tuberosity,  and  the  condyles  are  not  very  oblique. 
The  inner  posterior  lobe  of  the  tibial  face  of  the  astragalus  is  quite  well 
defined ;  there  is  no  median  ligamentous  pit  on  the  trochlear  face. 

MeoiurementSy  (from  Leidy.) 

Depth  lower  jaw  at  last  molar 3.25 

Length  humeruH,  ahont 21.00 

Piameter  at  condyles 7.50 

Found  by  Dr.  J.  V.  Carter  and  Dr.  Leidy,  near  Port  Bridger,  Wyo- 
ming. 

Dr.  Leidy  has  suggested  with  some  reason  that  this  species  and  the 
I>inoceras  mirabilis  of  Marsh  are  identical. 

UlNTATHEBIUH  MIBABELE,  Marsh. 

Dinoceras  mirabUWf  Marsh,  Amer.  Journ.  Sci.  Arts,  1872,  October,  (published  Sept.  27.) 

Loc.  dt.,  Jan.  2A,  1873. 

The  cranium  of  this  species  has  been  partially  described  as  above 
cited,  and  figures  in  the  last-named  paper  largely  supply  the  deficiency. 
From  this  it  is  evident  that  it  differs  from  Loxolaphodon  eamutus  in  the 
generic  characters  already  mentioned,  and,  further,  in  the  anterior  posi- 
tion of  the  naso-maxillary  horns,  the  perforation  of  the  lachrymal,  the 
anterior  development  of  the  malar,  the  oblique  occiput,  &c.  It  differs 
from  the  JE.  pressicomisy  besides  the  inferior  size,  in  the  shorter  nasal 
bones  and  greater  posterior  approach  of  the  premaxillary  bones  to  the 
base  of  the  horns ;  in  the  much  shorter  horns  and  greatly  smaller  part 
taken  in  their  composition  by  the  nasals. 

These  differences  account  for  the  great  number  of  errors  committed  by 
Professor  Marsh  in  his  allusions  to  other  species,  especially  Loxolophodon 
cornutus  described  by  me,  (see  his  second  article  above  quoted.)  Ac- 
cording to  Marsh  this  species  differs  from  U.  robustum  in  the  absence  of 
a  small  tubercle  on  the  last  molar,  and  presence  of  one  on  the  penulti- 
mate molar. 

Measurements,  (from  Marsh.) 

Length  of  cranium,  (28.5  inches) 0.7:22 

Width  over  orbits '. J02 

Width  between  summits  naso-maxillary  cores Itit^ 

Width  between  summits  uasao- maxillary  cores 038 

Height  naso-maxillary  cores,  (3-  inches) 075 

Length  canine  (9.25  inches)  helow  jaw. 2^ 

Diameter  fore  and  aft  at  has^ 064 

Diameter  transverse  at  hase 025 

Length  of  molar  series 150 

Last  superior  molar  series 036 

Unitathebium  lacustbe,  Marsh. 

Dinoca'os  laeustriSj  Marsh,  1.  c.  October,  1872,  (Published  September  27,  1872.) 

I  have  several  of  the  teeth  and  the  occipital,  parietal,  and  other  por- 
tions of  the  cranium  of  this  species.    It  is  distinguished  from  its  con- 
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geners, apaTtfroinit8smal1ersize,bythelarge8isseoftheteeth.  Theseare 
nearly  as  large  as  those  of  Loxolophodon  comutus^  and  considerably 
larger  than  those  of  U,  robustum  and  U.  miraMU,  The  occipital  con- 
dyles are  not  larger  than  those  of  the  elk,  Cervus  canadeTisis.  The 
mastoid  protuberance  is  prominent,  and  the  post-glenoid  process  more 
produced  dowu«rards  and  with  less  fore  and  aft  diameter  than  in  the 
other  two  eipecies.  The  inferior  temporal  ridge  is  strongly  marked, 
and  the  posterior  condyloid  foramen  is  large. 

The  posterior  molar  has  a  wide  floor  extending  from  the  posterior  or 
straight  transverse  crest  to  the  cingnlnm.  This  crest  is  low,  and  has  a 
low  tubercle  near  its  apex  behind.  The  other  molars  have  strong  fore 
and  aft  cingula,  but  none  at  ends.  The  worn  surfaces  are  flrst  Y-shaped. 
ater  arrow-shaped.  The  first  premolar  has  a  curved  outer  crest  and 
inner  couic  tubercle. 

Measurements, 

Diameter  of  occipital  foramen  and  condyles 0.092 

From  exterior  end  condyle  to  mastoid 058 

From  exterior  end  condyle  to  post-glenoid  process 080 

Transverse  diameter  last  upper  molar 045 

Transverse  diameter  third  premolar 029 

Len^h  molar  series 163 

Found  by  the  writer  in  the  Bridger  formation  of  South  Bitter  Greek, 
Wyoming. 

MBGACERATOPS,  Leidy. 

AwMeedings  Academy  Natnral  Sciences,  1870,  p.   1.    Hayden's  Geological  Survey; 

Wyoming,  1872,  p.  352,  C' Megaoerops/') 

This  genus  is  only  known  from  the  extremity  of  the  nasal  bones  bear- 
ing the  horn-cores.  The  latter  are  intermediate  in  position  to  the  nasal 
and  nasomaxillary  horns  of  Eohasilem^  &c.,  and  may  represent  the 
median  pair,  in  which  case  the  diagnosis  of  the  genus  should  be  nasal 
horn-cores  wanting. 

The  genus  was  originally  regarded  by  Dr.  Leidy  as  allied  to  Sivathe- 
riuMj  and  ther^ore  ruminant ;  he  also  supposed  that  it  possessed  a 
proboscis'^' as  in  the  tapir.''  The  latter  proposition*  has  much  in  its 
favor,  especially  as  the  affinities  of  the  genus  are  evidently  with  the 
Prgboscidia, 

Megagebatops  golobadosnsis,  Leidy. 

Megaeerapa  ooloradoensis,  Leidy,  1.  o. 

The  part  of  this  species  preserved  indicates  an  animal  of  the  size  of 
the  largest  Unitatheria.  The  nasal  bones  are  co-ossified,  and  the  horn- 
cores  are  sub  cylindric,  obtuse,  and  about  two  inches  in  length,  lliey 
are  situated  above  a  point  a  little  behind  the  anterior  nares. 

BATHMODONTID^. 

As  already  pointed  out,  the  structure  of  the  limbs  and  feet  in  this  sub- 
order is  as  in  the  order  generally,  and  the  scapula  has  the  same  form  in 
general.  The  symphysis  mandibuli  is  furnished  with  teeth,  and  forms  a 
long  solid  spout.  The  astragalus  has  a  very  peculiar  form,  being  even 
more  exceptional  than  in  Uintatherium.  The  superior  articular  surface 
is  flat  or  concave  in  the  middle.    It  is  turned  inward  in  front  of  the 
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articular  face  for  the  inner  malleolns,  terminating  in  a  long  point.  Tbe 
cuboid  artiealar  face  is  qnite  small  and  sublateral,  and  sessile  like  the 
navicnlar.  Ihe  fibular  facet  is  extensive,  and  the  internal  lateral  well 
marked. 

On  the  other  hand  the  coracoid  process  is  prodaced  into  a  carved 
hook,  and  is  thas  more  largely  developed  than  in  other  Proboscidians 
or  Perissodactyles.  The  neck  is  longer  than  in  the  other  Proboscidians, 
and  the  parietal  bones  appear  to  be  narrowed  by  the  approximation  of 
the  temporal  fossa,  as  in  the  Bhinoeeros.  Almost  nothing,  however,  is 
known  of  the  structure  of  the  skull. 

The  genera  are  two,  as  follows : 

Penultimate  molar  unlike  the  last,  with  external  cres- 
cent and  embracing  ledge BtUhmodon, 

Three  molars  alike,  with  two  transverse  crests  not  meet- 
ing within Metdhphodon, 

BATBMODON,  Cope. 

Proceedings  American  Philosophical  Society,  1878,  p.  417. 

This  genus  was  originally  chiefly  distinguished  by  the  dentition ;  at 
present  many  other  important  peculiarities  are  added.  First,  as  regards 
the  molar  teeth ;  the  two  transverse  crests  I  find  to  be  separated  (not 
united)  at  their  inner  extremities,  by  a  narrow  fissure.  The  anterior  Is 
much  the  longer,  and  is  curved ;  its  anterior  wall  slopes  steeply  down 
to  the  narrow  cingulum*  The  posterior  is  short  and  straight,  and  bears 
a  crest    The  numbers  are  I.  3 ;  0. 1 ;  P.  M.  4 ;  M.  ?  3. 

The  entire  mandible  presents  the  following  dentition:  I.  3;  C.  1 ;  P. 
M.  4 ;  M.  3.  The  incisors  radiate  around  the  narrow  extremity  of  the 
trough-like  symphysis,  and  have  transversely  expanded  crowns.  The 
canine  is  inclined  forward,  and  forms  part  of  tibe  same  series.  Its  crown 
is  triangular  in  section,  the  outer  face  convex.  In  the  males  it  was 
enormously  enlarged,  as  indicated  by  a  symphysis  in  my  possession. 
The  anterior  premolar  approached  the  canine.  The  former  teeth  have 
an  external  chevron  directed  inward,  whose  extero-superior  surfaee  of 
enamel  is  acute  cordate.  Besides  this  is  a  little  longitudinal  ridge, 
which  represents  another  chevron  of  the  true  molars.  On  the  first  of 
the  latter,  both  chevrons  are  developed,  the  posterior  the  least,  botk 
with  their  anterior  ridge  boundaries  lowered ;  they  sink  entirely  on  the 
last  two  molars,  which  become  thus  two-crested,  as  in  those  of  some 
Tapiroids  and  the  premolars  of  Dinotherium. 

The  sternal  segments  are  cylindnc ;  in  one  the  articulations  for  the 
hsempophyses  project  laterally,  giving  the  piece  a  T-shaped  form.  The 
atlas  has  a  flat  diaparapophysis,  presenting  its  edges  fore  and  aft;  the 
arterial  canal  traverses  it  obliquely.  The  coracoid  is  double,  having  a 
tuberosity  on  the  edge  of  the  glenoid  cavity,  and  a  prominent  hook  just 
outside  of  it  The  lumbar  vertebrae  are  quite  short  The  cuneiform 
bone  is  narrow  pyriform,  with  two  triangular  facets  on  one  side,  the 
smaller  being  sublateral ;  and  one  twisted  over  the  other.  The  ungoeal 
phalanges  are  very  short,  somewhat  flattened,  and  with  the  terminal 
portion  transverse  and  rugose  as  in  some  toes  of  Elephas. 

In  the  remains  pertaining  to  this  genus  obtained  by  Dr.  Hay  den, 
there  are  numerous  individuals  of  apparently  three  species.  Two  of 
these  are  larger  and  one  smaller,  the  latter  in  part  indicated  by  an  indi- 
vidual without  epiphyses  on  the  lumbar  vertebrse.  It  presents  marked 
difference  in  the  form  of  the  astragalus  atlas,  scapula,  &c. 
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a     JjOFget  species : 
Astragaliis  everted  in  fh>nt;  nearly  as  wide  as  lo&g; 

lower  premolars  narrower,  more  elevated,  and  ragose. .  B.  raiiams. 
Lower  premolar  broad,  k>wer,  aad  smooth. B.  9^niainctu8* 

oa     Smaller  species : 
Astnagalcta  moch  wider  than  loog,  deemryed  in  front B,  UOifes. 

Bathmodon  radians,  Cope. 

ProceediiigB  AmericaD  Pbflosophical  Society.  1872,  (February  16,)  p.  418.    Hayden's 

Geological  Survey  of  Montana,  1871,  p.  360. 

Id  addition  to  the  characters  already  assigned  to  these  species  as  above 
eited,  I  add  the  following  : 

The  apex  of  the  scapuUi  is  a  massive  flattened  acumination  with  tmn- 

eate  extremity.    The  spine  is  elevated  and  tmncate  next  the  glenoid 

cavity,  which  is  a  wide  oval,  much  produced  at  the  coracoid  margin. 

The  transverse  process  of  the  aUas  is  rounded  distally,  and  is  about  as 

long  as  wide ;  the  surface  for  the  axis  is  directed  obliquely  inward.    The 

fUbfiXa  has  the  inner  sharp  edge  prolonged  to  the  proximal  end :  the  form 

of  the  latter  is  much  as  in  Sooasileua.    The  astragalus  is  slightly  concave 

in  both  directions  on  the  trochlear  face,  most  so  antero-posteriorly.    The 

anterior  outline  of  the  same  is  strongly  and  obliquely  convex,  and  the 

surface  is  produced  sideways  into  a  latero-anterior  apex.    The  inner 

malleolar  border  is  thus  very  concave^  the  outer  is  gently  convex  with 

a  long  fibular  facet.    The  posterior  margin  concave,  the  inner  tuberosity 

prominent.    The  navicular  facet  is  as  broad  as  long,  and  nearly  sessile, 

being  probably  separated  by  a  groove  from  the  tibial.    The  cuboid  facet 

is  subround,  small,  and  sublateral ;  the  calcaneal  situated  diagonally 

opposite  each  other.    The  antero-internal  is  twice  as  large  as  the  other. 

Is  transverse  and  truncate  internally  by  a  facet  near  the  apex,  at  right 

angles.    The  other  calcaneal  facet  is  subround. 

Measurements, 

Lennfth lamQB  mwicUlrali  to  anterior  margin  of coionoid  process 0.310 

Length  premolars  and  molars 218 

length  last  roolar  crown 040 

Width  last  molar  crown 090 

Width  last  premolar  crown 018 

liStigth  last  premolar ■. 035 

Width  symphysis  at  canines 045 

Diameter  canmes  $ ; 028 

Diameter  canines  $ 023 

Length  exposed  portion  incisor  2 026 

Width  crown  incisor  2 0245 

l^gth  diapophyBis  atlas 047 

Width  diapophysls  atlas 056 

Width  facet  for  axis 053 

Width  glenoid  cayity  soapola^  (straight) 066 

Length  coracoid  from  inner  basis .045 

length  proximal  articulation  fibula 027 

Ungth  distal  articulation  fibula 042 

wameter  shaft  fibula 042 

raal  length  astragalus,  (fore  and  aft) 072 

Total  width  astragalus 065 

Length  navicular  ^et 045 

Width  navicular  facet 034 

Width  cuboid  facet 025 

Length  cuboid  facet , 023 

^gthanterior  calcaneal  facet 040 

Width  anterior  calcaneal  ..do 084 

Length  posterior  calcaneal.. do , 021 

Length  fibular, do.,  .(axial) - • 043 
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The  teeth  are  slightly  rugose,  and  the  inferior  canines  show  atendency 
to  imitate  the  form  of  the  incisors  in  a  slight  basal  angular  expansknK^ 
the  crown.  This  forms  an  approximation  to  the  tapirs.  The  middle 
pair  of  incisors  Is  directed  oatward,  is  the  smallest,  and,  like  all  Uie 
others,  has  the  roots  much  exposed. 

This  species  was  originally  described  firom  teeth  of  the  upper  jaw.  I 
have  since  obtained  tike  entire  mandible  (except  the  angles)  taken  out 
at  the  same  place  and  near  the  same  time.  The  size,  color,  &c.,  would 
indicate  that  they  belong  to  the  same  individual.  Accompanying  the 
first  specimens  were  many  bones  of  individuals  of  different  sizes,  which  T 
learn  from  the  finder  were  all  taken  from  within  a  short  distance  of  each 
other.  Many  of  them  belong  to  the  same  species,  as  the  jaws  and  teeth, 
and  I  have  described  as  such  tixose  that  relate  properly  to  them  as  to 
size,  mineral  appearance,  &c. 

The  smaller  specimens  belong  also  to  several  individuals,  and  possibly 
to  more  than  one  species.  I  describe  them  together,  but  regard  the 
astragalus  as  the  primarily  distinctive  bone. 

Bathmodon  sEMicmcTtrs,  Cope. 

Prooeediogs  American  Fhilosopbioal  Society,  1872,  p.  420.    Loscohphodon  mmuinttaa. 

Cope  1.  c. 

The  tooth  on  which  this  species  was  based  shows  a  nearrelation  to  l^e 
corresponding  one  of  B.  radians, 

Bathmobon  latipes,  Cope. 

ProceediDgs  American  Philosophicftl  Society,  1873,  March. 

Established  on  atlas  axis,  dorsal  and  lumbar  vertebne,  scapula,  hume- 
rus, phalange,  femur,  astragali,  &c.,  of  a  specimen  found  with  the  S, 
radians. 

The  transverse  process  of  the  atlas  is  stouter  and  less  flattened  at  the 
base  than  in  JS.  radians.  The  axis  is  but  little  oblique,  and  has  a  low, 
obtuse  hypapophysis  below.  Its  form  is  much  as  in  the  larger  species, 
being  rather  elongate,  but  shorter  than  in  Rhinocerus  and  other  Perisso- 
dactyles.  The  dorsals  and  lumbars  are  short  and  plane;  the  former  are 
obtusely,  the  latter  acutely,  keeled  below.  The  head  of  the  femur  has 
no  ligamentous  fossa.  The  astragalus  is  considerably  broader  than  long, 
the  apex  turned  outward  in  front  of  the  inner  malleolus,  being  especially 
produced.  The  tibial  face  is  concave  transversely,  and  convex  antero- 
posteriorly  at  the  front,  plane  behind.  There  is  a  posterior  submarginal 
foramen,  which  is  not  bridged  over  in  one  specimen,  producing  a  deep 
notch.  The  navicular  facet  has  considerable  transverse  extent,  and  the 
anterior  side  of  the  bone  is  more  transverse  than  in  B,  radians.  The 
calcaneal  facets  are  diagonally  opposite  to  each  other  *,  the  outer  is  sub- 
round,  the  inner  anterior  narrow  and  transverse.  It  differs  in  the  two 
specimens,  the  perforating  loramen  not  being  bridged  over  in  the  one 
(the  type)  with  the  similar  posterior  interruption  described  above.  This 
may  be  due  to  fracture.  The  only  ungueal  phalange  has  the  articular 
face  not  quite  sessile  on  the  transverse  rugose  free  extremity. 

Measurements. 

v. 

Diameter  diapophysia  atlas,  (fore  and  aft) 0.036 

Diameter  axial  ieioet  of  atlas .034 

Diameter  centmm  axis, (transverse).... 080 

Diameter  centrum  axis,  (vertical) 037 
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LaD|^  eentmm  axis  to  odontoid 057 

Width  Dearal  canal  do 030 

C  fore  and  aft •.     .040 

Diameter  of  centrum  of  dorsal  <  verticali  (total) 043 

(  transverse .059 

Dumeter  nenrai  arch  of  same)  z^^::":::::::::::"::::::::""::-:  :gi 

I  anterior-posterior 041 

Diameter  eentmni    of  lambar<  vertical,  (total) 050 

(  transverse 063 

Diameter  head  of  femur 060 

Length  astragalus  fore  and  aft OCO 

Wi^h  astragalus 065 

Length  oavicnlar  facet ' 049 

Width  navicular  facet 0*20 

Width  cuboid  facet .018 

Length  caboid  facet .016 

Width  (fore  and  aft)  anterior  calcaneal 018 

Length  posterior  calcaneal  facet 022 

Length  iibalar,  (axial) 041 

Length  terminal  phalange 012 

Width  do.  proximally 015 

Width  distally 030 

Diameter  glenoid  cavity  scapula  {  ^^^^J- ;;;;  -  ;g|J 

From  tbe  beds  of  tfae  Green  River  epoch  uear  Evanstoo,  Utah,  (now 
Wyoming.) 

METALOPHODON,  Cope. 

Proceedings  American  Philosophical  Society,  1872,  p.  542.    (Published  September  20.) 

In  distingnishing  this  genns  from  Bathmod/m,  I  stated  that  the  differ- 
eDces  were  in  tbe  dentition  so  fRr  as  known ;  L  e,,  that  the  crests  of  the 
true  molars  are  not  united  internally  and  that  the  premolars  are  two  (not 
three)  crated.  I  would  now  add  to  the  characters,  that  there  are 
three  molars  on  each  side,  with  transverse  crests,  which  do  not  unite  at 
tbe  apex,  except  in  tbe  case  of  the  anterior,  when  they  are  slightly  con- 
nected. In  Bathmodon  there  is  but  one  such  tooth,  the  posterior.  The 
inner  or  third  crest  of  the  posterior  premolar  of  that  genus  is  only  a  ciu- 
gulnm,  and  is  not  probably  a  generic  character. 

Metalophodon  abmatus,  Cope.    Loc.  cit. 

This  species  is  represented  by  the  greater  part  of  the  dental  series  of 
both  jaws,  which  I  took  from  a  decayed  cranium  myself,  and  can  thus 
be  assured  of  their  mutual  relations.  One  of  the  true  molars,  at  least, 
belonged  to  the  milk  series,  as  indicated  by  the  unworn  crowns  of  the 
soccessioual  teeth  accompanying.  Some  of  the  premolars  are  but  little 
vora. 

.  The  incisors  are  well  developed,  those  of  the  premaxillary  subequal  in 
Kize.  The  crown  has  a  convex  cutting  edge  and  fiat  inner  face.  The 
outer  face  is  convex.  In  some  the  inner  tia>ce  is  more  concave,  and  is 
boanded  by  a  cingulum  next  the  root. 

^e  premolars  present  a  single  external  crescent  of  acuminate  outline, 
and  a  smaller,  more  transverse  one,  within.  A  cingulum  bounds  the 
crown  fore  and  aft,  but  is  wanting  at  both  base  and  apex  of  the  triangu- 
lar base.  In  the  more  postenor  the  crescent  is  more  open«  and  the 
orowQ  less  transverse. 

The  molars  present  an  increase  in  transverse  extent  of  the  external 
crescent,  and  the  interior  one  is  wanting.    In  the  posterior  two  the  an- 
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tenor  ridge  curves  round  at  tbe  apex  of  the  <,  but  is  separated  by  a  con- 
siderable interrnptioD  from  the  posterior.  Thelatterisshortened^and ter- 
minates externally  in  a  conic  tubercle,  which  approaches  the  outer  extrem- 
ity of  the  anterior  ridge.  In  the  last  molar  the  posterior  ridge  is  shorter, 
nearly  straight,  terminating  at  a  cone  at  each  extremity. 

The  canine  is  damaged,  but  was  of  large  size,  amounting  in  one  or  the 
other  of  the  jaws  to  a  tusk.  The  probably  superior  is  compressed,  with 
acut>e  edges.  The  inner  face  gently  convex,  the  outer  more  strong^lj  so, 
with  an  acnte  ridge  on  its  anterior  convexity,  inclosing  an  open  groove, 
with  the  interior  cutting  edge.  This  surface  of  the  dentine,'  when  ex- 
posed, has  a  transversely  wrinkled  character,  but  no  trace  of  ^'  engine- 
turning"  in  the  fractures. 

In  the  mandibh^  premolar  and  molar  teeth  are  recognizable ;  the  char- 
acter of  the  incisors  remaining  uncertain.  As  usual  In  the  ungulates 
they  possess  a  relatively  smaller  transverse  diameter  than  do  the  cor- 
responding teeth  of  the  maxillary.  They  change  very  materially  in 
form  from  the  front  to  the  terminus  of  the  series,  and,  in  connection 
with  the  superior  molars,  are  very  instructive  as  to  the  generic  connec- 
tion of  different  types  of  dentition. 

The  peculiarity  of  the  'premolars  consists  in  the  fact  that,  "besides  the 
single  external  crescent  exhibited  by  those  of  the  upper  jaw,  they  have 
a  rndimental  second  one  in  the  position  it  should  occupy  in  correspond- 
ing teeth  of  Palaeosyops.  The  inner  border  of  the  crown  is  convex,  and 
extends  from  apex  to  apex  of  the  crescents.  There  are  no  cingula  to 
these  teeth.  The*  rndimental  crescent  diminishes  anteriorly,  its  angle 
becoming  first  obtuse,  and  then  disappearing.  Posteriorly  the  reverse 
process  takes  place,  and  proportions  increase.  But  in  the  last  molars 
they  do  not  assume  the  proportions  seen  in  Palwotkerium  and  allied 
forms.  They  increase  in  the  elevation  of  corresponding  ridges  of  the 
crescents  and  decrease  in  the  others,  so  that  the  resultant  form  is  nearly 
like  that  of  Dinotlierium  or  perhaps  Lophiodon.  The  outer  ridge  of  one 
crescent  appears  as  a  cingnlum,  which  sinks  to  the  base  of  ^e  crown 
from  the  apex.  This  is  rudiDiental  in  the  genera  just  mentioned.  The 
corresponding  bounding  ridge  of  the  other  crescent  is  reduced  to  a  ru- 
diment extending  diagonally  across  the  valley  between  the  remaining 
crests,  as  is  seen  in  not  a  few  genera  of  the  Eocene. 

MeamremenU  of  the  teeth. 

V. 

Total  length  of  Buperior  incisor 057 

Length  crown  (inner  face)  snperior  inciaor .015 

Width  crown  (oblique)  superior  incisor .020 

Width  crown  (oblique)  inferior  incisor .023 

Length  crown  (inner  face)  superior  incisor 018 

Width  canine  .030  from  tip 060 

Width  posterior  molar 039 

Length  posterior  molar 028 

Elevation  posterior  crest  do 016 

Width  anterior  true  molar .085 

Width  premolar , OSIB 

Length  premolar 021^ 

Length  premolar,  (first) 016 

Width  premolar,  (iirst) 008 

Length  premolar,  (inferior) 1 .OW 

Width  premolar,  (inferior) .020 

Width  penultimate  lower  molar .- 023 

Length  penultimate  lower  molar .037 

In  comparison  with  Bathmodon  semicinctns^  Cope,  tlie  crowns  of  the 
premolars  are  of  similar  size,^bnt  more  elevated. 


GEOLOGICAL   SUETEY   OF  THE   TEBRIIt)BI£S.  591 

This  liwge  ungalate  was  foand  in  a  staratom  below  those  of  the  Green 
River  ^ronp  of  Hayden,  or  in  the  lower  beds  of  that  series,  near  Black 
Battes,  Wyoming. 

It  is  not  certain  that  the  last-named  species  of  Bathmodon  does  not  be- 
long to  this  genns.  All  three  are  distinct  from  the  M,  armatus^  the  latter^ 
though  yonng,  being  considerably  larger  than  Bathmodon  latipes. 

PEEISSODACTYLA. 
PAL^OSYOPS.  Leidy. 

Hftvden's  Geological  Survey  of  MoDtana,  1871,  page  356 ;  (f )  Proceedings  Academy 
Natural  Sciences,  Philadelphia,  1871,  p.  118.  Limnohytu  Marsh,  American  Jonmu 
Science  and  Arts,  1872,  p.  124. 

This  genus  has  been  partially  described  by  Professor  Leidy,  and  much 
light  is  thrown  on  its  structure  by  the  materials  obtained  by  the  survey 
of  1872.  As  pointed  out  by  Leidy,  this  genus  differs  from  PaUeQiherium 
in  the  isolation  of  the  internal  cones  of  the  superior  molars  from  the  ex- 
ternal longitudinal  crescentoid  crests,  and  in  the  presence  of  but  one 
inner  tubercle  on  the  last  three  premolars  instead  of  two.  There  is  but 
one  internal  cone  on  the  last  superior  molar.  Number  I.  3,  0. 1,  P.  M. 
4,  M.  3.  Number  of  inferior  molars  similar;  true  molars,  with  four 
acute  tubercles  alternating  in  pairs  and  connected  by  oblique  crests, 
which  thus  form  two  V^s,  with  their  apices  exterior.  The  last  molar 
adds  a  fifth  posterior  tubercle.  The  last  premolar  lacks  the  posterior 
inner  tubercle.  The  second  and  third  have  but  one,  the  outer  series 
of  tubercles, — and  the  first  is  compressed.  The  canines  are  separated 
by  a  slight  interval  from  the  premolars,  and  are  in  continuity  with  the 
incisors. 

The  dental  characters  are  generically  identical  with  those  of  Titano- 
theriuMj  Leidy,  which  must  be  referred  to  the  Peri%8odactyla^  and  not  to 
the  Artiodactyla^  as  left  by  Leidy  in  the  '^  Extinct  Mammalian  Fauna  of 
Dakota  and  Nebraska,''  though  originally  referred  by  him  to  this  order. 

The  species  originally  named  by  Leidy  PdUBosyopa  paludosua  belongs 
to  the  succeeding  genuis,  lAmnohyuSj  Leidy.  He  afterward  includ^ 
species  of  the  present  genus  in  it,  and  in  so  doing  first  characterized  the 
genus.  Hence  I  agree  with  him  in  retaining  the  generic  name  for  the 
latter,  and  not  the  former,  as  is  done  by  Marsh.  The  original  form  was 
not  characterized  generically,  a  brief  specific  description  only  being 
given. 

Paljbostops  l^yibbns.  Cope. 

LimMkigus  ItevideM,  Cope;  Proceedings  American  Philosophical  Society,  1873;  pub- 
lished January  3i.  Palwosyopa  paludosiM.  Leidy ;  Hay  den's  Sarvey  of  Montana^  1671, 
p.  359,  not  Proceedings  Academy  Natural  Sciences,  Philadelphia,  1670,  p.  113. 

A  species  about  the  size  of  the  Anoplotherinm  commune^  Guv.,  and  inter- 
mediate between  the  PaUeotherium  magnum  and  P.  medium.  It  is  con- 
siderably larger  than  the  existing  tapirs,  and  wa«  one  of  the  most 
abundant  of  the  qnadrux>eds  of  the  Eocene  of  North  America. 

It  is  chiefiy  represented  by  a  nearly  complete  cranium  with  dentition, 
from  Bitter  Greek,  and  a  cranium  lacking  the  posterior  part  of  one  side 
and  the  lower  jaw,  from  Cottonwood  Creek.  The  molars  have  the  gen- 
ital form  of  those  of  L.  rohttstusy  but  the  second  superior  premolar  has 
bat  one  outer  tubercle.  The  cingula  are  much  less  developed  than  in 
^t  «peciea;  those  between  tiie  inner  cones  of  the  molars  being  entirely 
absent.    These  cones  are  low,  and,  with  the  rest  of  the  crowns  of  all  the 
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teeth,  covered  with  smooth  and  shiDing  enamel.  The  anterior  median 
small  tubercle  of  the  first  true  molar  is  wanting.  The  last  true  molar 
has  but  one  interior  cone. 

The  canine  tooth  is  powerful  and  bear-like  ^  the  outer  incisor  is  tlie 
largest.  The  premaxillary  bones  are  short,  and  the  side  of  the  fiaee 
elevated  and  plane  to  the  convex  nasal  bone^.  The  nasal  bonea  are 
long,  narrow,  and  convex.    Zygomatic  arch  massive. 

MeasuremenU. 

M. 

Length  molar  serieSi  (No.  1) 0. 140 

Length  true  molars... 085 

Length  three  incisors 031 

Length  crown  canine 030 

Length  crown  last  molar 039 

Width  crown  last  molar 036 

Length  cranium  to  occipital  crest S15 

Length  true  molars,  (No.  2) 101 

liength  Uist  molars,  (No.  2,)  (oblique) 039 

Width  last  molars,  (No.  2,)  (transverse) 038 

Paljbosyops  major,  Leidy. 

Survey  of  Wyoming,  1871,  p.  359.    lAmnohyus  roMwtiM,  Marsh,  Amer.  Joum.  Seienee 

and  Arts,  1S72,  p.  124. 

Numerous  specimens  from  Cottonwood  Greek,  Black's  Fork,  Bitter 
Greek,  &c. 

PAL-ffiOSYOPS  YALLIDBNS,  Gope. 

Proceed.  Amer.  Philoe.  Society,  1672,  p.  487,  published  August  22, 1872. 

Represented  by  the  dentition  of  one  maxillary  bone  with  other  bones 
of  one  iudividual ;  a  portion  of  the  same  dentition  of  a  second ;  with 
both  rami  of  the  mandible,  with  complete  dentition,  of  a  third.  The  spe- 
cies is  distinguished  by  the  details  of  the  dental  structure,  and  by  the 
superior  size.  It  exceeds,  in  this  respect,  the  PalcBosyops  major ^  Leidy ; 
while  the  three  posterior  lower  molars  measure  4.25  inches  in  length, 
the  same  teeth  of  the  present  animal  measure  5  inches.  The  last 
superior  molar  of  another  specimen  measures  2  inches  in  length  ;  in  the 
third  the  first  true  molar  is  1.5  inch  in  length,  while  the  last  inferior 
molar  is  2.25  inches  long.  The  peculiarity  in  the  structure  of  the  supe- 
rior molars  consists  in  the  existence  of  two  strong  transverte  ridges, 
which  connect  the  inner  tubercle  with  the-  outer  crescents,  inclosing  a 
pit  between  them.  These  are  most  marked  on  the  premolars,  where 
also  is  found  the  peculiarity  of  the  almost  entire  fusion  of  the  outer 
crescents  into  a  single  ridge.  These  united  crescents  are  narrower  than 
iu  P.  major,  and  the  summits  of  all  the  crescents  are  relatively  more 
elevated.  The  number  of  inner  tubercles  is  the  same  as  in  that  species ; 
all  the  teeth  have  very  strong  basal  cingula,  which  rise  up  on  the  inner 
tubercle.  The  inferior  molars  are  relatively  narrower  than  in  P.  mofor, 
and  the  posterior  tubercle  of  the  last  is  larger  and  longer,  and  is  an 
elevated  cone.  The  inner  tubercles  in  all  the  lower  molars  have  broader 
bases  and  less  acumination. 

The  bones  containing  the  maxillary  and  mandibular  teeth  were  not 
found  together  in  any  instance,  so  that  it  is  possible  that  the  different 
series  may  represent  different  species.  No  other  species  of  the  genus 
was,  however,  found  in  the  localities  to  which  the  respective  parts-conld 
be  referred.  Should  these  prove  not  to  pertain  together,  the  lower  jaws 
may  be  regarded  as  typical  of  the  species. 

Found  in  the  Mammoth  Buttes,  on  South  Bitter  Greek. 
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LIMNOHYUS,  Leidy. 

FraceedingB  Academy  Natural  Sciences,  Philadelphia,  1872,  p.  242,  PdlcBOSn^s,  Marsh, 

Amer.  Joum.  Sci.  Arts,  1872,  p.  122,  not  of  Leidy,  li:J71-. 

This  genas  only  differs  from  the  last  in  possessing  two  conic  tubercles 
of  the  inner  series  on  the  last  sax>erior  molar,  instead  of  one,  a  charac- 
ter first  pointed  out  by  Marsh. 

LiMNOHYXJS  PALxmosus,  Leidy. 

Piooeedings  Academy  of  Natural  Sciences,  Phialdelphia,  1870,  p.  113,  not  of  later 

descriptions. 

My  expedition  did  not  obtain  any  specimens  which  I  can  as  yet  certain- 
ly refer  to  this  species.  The  measnrements  given  by  Professor  Marsh  for 
his  Falasosyops  laiiceps  approach  very  nearly  to  this  one.  Thus  the 
mdtb  of  the  crown  of  the  last  superior  molar  is  M.  .038;  in  P.  lattceps 
.040 ;  in  X.  diaconus^  Cope,  it  is  .047. 

LiMNOHYxrs  DiACONUS,  Oope. 

Pmkntjfopa  HaoantUf  Cope,  on  some  Eocene  Mammals  obt^itned  by  Hayden's  Geological 

Survey  of  1872, 1873,  p.  4. 

The  species  is  as  large  as  the  Palasosyops  major  of  Leidy,  but  differs 
in  the  relative  proportions  of  the  teeth.  Thus  the  last  three  molars  have 
the  same  antero-posterior  length,  while  the  space  occupied  by  four  pre- 
molars is  shorter.  The  anterior  and  posterior  cingula  of  the  true  molars 
are  very  strong,  but  it  is  not  well  marked  on  the  inner  side  between  the 
cones.  The  latter  are  acutely  conic,  and  the  median  anterior  tubercle 
is  strongly  developed.  Although  the  wearing  of  the  teeth  indicates 
maturity,  the  enamel  is  coarsely  and  obtusely  rugose.  The  fourth  pre- 
molar differs  from  that  of  X.  major  in  its  smaller  size  relatively  and 
absolutely,  and  in  the  presence  of  a  prominent  vertical  tubercle  on  the 
cater  face,  rising  to  the  angle  of.  the  deep  notch  between  the  lobes.  The 
third  premolar  is  as  wide  as  the  fourth,  and  about  as  large  as  the  cor- 
responding tooth  in  L»  major,  but  difierent  from  it  in  the  absence  of 
tubercle  and  ridge  that  mark  its  external  face.  The  first  premolar  has 
two  roots,  and  the  canine  is  large  and  stout. 

This  large  Palseotheroid  is  represented  by  parts  of  the  two  maxillary 
bones,  which  present  the  crowns  of  the  third  and  fourth  premolars,  and 
of  the  second  and  third  true  molars,  with  the  bases  of  the  other  molars 
and  premolars. 

Measurements. 

M. 

Length  of  entire  molar  series 0.1710 

hengtb  of  true  molars lOCO 

Length  of  Instmolar,  (crown), 0420 

Width  of  last  molar,  (crown) 0473 

Length  second  molar 0350 

LenSth  fourth  premolar 0260. 

Width  fourth  premolar 0260 

Width  third  premolar 0200 

Length  third  premolar 0200 

I^iameter  of  basis  of  canine 0263 

The  i.  paludosus,  Leidy,  is  similar  to  this  species  in  the  rugosity  of  the 
enamel  of  its  teeth,  but  appears  by  the  measurements  to  be  distinctly 
smaller,  so  as  to  relate  to  it  about  as  to  P.  major. 

38  6  s 
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In  comparison  with  Marsh's  description  of  his  P.  laticepsj  the  meaaore- 
ments  are  all  larger,  and  the  enamel  is  as  rugose  as  in  i/.  f?i<0or,  instead  of 
smooth.  The  shortening  of  the  premolar  series  is  greater  in  P.  di4i€onHSi 
thus  in  P.  laticeps  the  two  sets  of  molars  are  related  as  49  mm.  to  61; 
in  the  present  one,  as  106 :  65 ;  were  the  proportions  similar,  the  length 
of  the  premolar  series  should  be  69  mm. 

From  Henry's  Fork  of  Green  liiver. 

LiMNOHYUS  FONTINALIS,  GopO, 

Fal<KOByop8  fontinaliSy  Cope;  Proceedings  of  American  Philosophical  Society,  1873, 

January  3t. 

The  smallest  of  the  tapiroids  of  this  series,  being  about  the  size  of  a 
dog.  It  is  represented  especially  by  a  considerable  part  of  the  cranium 
of  an  individual  in  which  the  last  superior  molar  is  not  quite  protraded, 
but«with  the  other  molars  and  last  premolar  of  the  permanent  deutitiou 
in  place.  The  enamel  of  these  teeth  is  in  accordance  with  the  age,  deli- 
cately rugose,  and  while  the  cingnlum  is  present  fore  and  aft,  it  is  wan^ 
ing  internally  and  externally.  The  anterior  median  tubercle  is  present  • 
on  all  the  true  molars,  and  the  bases  of  the  acute  inner  cones  axe  in 
contact  The  sagittal  crest  is  truncate,  and  the  squamosal  i>ortion  oC 
the  zygoma  very  stout.  The  nasal  bones  are  together  very  convex  in 
transverse  section. 

Measurements^ 

Length  of  trne  molar  series,  (2.75  inches) 0.067 

Length  of  last  molar 025 

Width  of  last  raolac 036 

Length  of  penultimate  molar ftlS 

Length  of  penultimat'O  molar .•    .09S 

Depth  sqaamosal  process 025 

Found  by  the  writer  on  a  bluff  on  Green  Biver,  near  the  mouth  of  the 
Big  Sandy,  Wyoming. 

HYRACHYUS,  Leidy, 

Geological  Surrey  of  Montana,  1871,  p.  300. 

This  genus  was  originally  described  by  Leidy  from  portions  of  skele- 
tons of  individuals  from  the  Eocene  Tertiary  of  Wyoming.  He  recognized 
it  as  related  to  the  Lophiodon  of  Cuvier  in  dentition,  and  as  sharing  with 
characters  of  that  Eocene  genus  peculiarities  which  belong  to  the  exist- 
ing genus  Tapirus. 

Having  obtained  a  large  series  of  remains  of  this  genus,  inclading 
more  or  less  numerous  portions  of  six  species  with  nearly  complete 
skeleton  of  S.  eximiuSj  Leidy,  I  propose  to  give  sudi  an  account  of  its 
osteology  as  will  place  its  relations  on  a  certain  basis. 

The  characters  which  distinguish  its  dentition  from  those  of  the  allied 
genera  are  as  follows : 

Tapirus^  Briss.  Lotcerjaw :  Third  molar  two-crested ;  three  premolars, 
the  third  and  fourth  with  two  transverse  crefit«.  Upper  jaw :  Seven 
molars,  first  with  an  inner  heel  tubercle;  other  premolars  with  two 
transverse  crests. 

Hyraclvyusj  Leidy.  Lower  jaw :  Third  molar  with  two  crests ;  four  pte- 
molars,  third  and  fourth  with  one  transverse  and  one  longitudinal  crest 
Upper  jaw  :  Seven  molars,  first  without  interior  heel  ,•  premolai^  with 
two  trausverse  crests.  ^ 


GEOLOGICAL  SURVEY  OP  THE  TERRITORIES.       595 

LophtodonyGuvier.  Lower  jaw :  Third  molar  with  three  cross-crests ; 
premolars  tliree,  Nos.  2  and  3  with  loDgitudinal  crests.  Upper  jaw :  Pre- 
molars with  loDgitudinal  crest  only,  No.  4  with  two  traDSverse  crests. 
Upper  jaw  :  Premolars  with  only  one  transverse  crest. 

In  Hyracliyu8  the  nasal  bones  are  elongate,  and  unite  with  the  maxil- 
laries  anterior  to  the  orbit )  in  fl.  eximius  above  the/oramen  infra-orlntale 
exterius  ;  in  Tapirus  those  bones  are  much  shortened,  and  either  do  not 
anite  with  the  maxillariesor  join  them  and  the  frontals  above  the  orbit 
at  different  points  from  the  anterior  to  the  posterior  borders.  The  tem- 
poral fosssB  are  so  extended  as  to  produce  an  elevated  sagittal  crest, 
irhich  is  bifurcate  behind,  each  projection  continuing  along  the  outer 
niiffgin  of  the  occipital  region  as  a  lateral  crest.  The  tympanic  bone  is 
Quossified  beneath  the  meatus  avditoriti^  extemusy  "which  is  bounded  in 
front  by  a  strong  postglenoid  process.  Posteriorly  it  is  bounded  by  along 
descending  mastoid  process  of  the  squamosal  bone,  nearly  closing  it 
below.  This  is  bounded  posteriorly  by  a  long  and  stout  paramastoid 
process,  which  is  compressed  from  before  backward  and  curves  back- 
ward and  inward.  The  foramen  magnum  has  prominent  supero-lateral 
margins  which  are  nearly  straight,  and  unite  at  a  right  angle  above. 

The  dentition  is  thus:  I.  f ;  O.  4^ ;  P.  M.  | ;  M,  f ;  a  considerable  dia- 
stema separates  the  premolars  and  the  canine. 

In  the  species  studied,  the  vertebrae  are  divided  as  follows :  0.  7 ;  D. 
18 ;  L,  7 ;  S.  5 ;  C.  (f ).  Of  the  cervicals  the  seventh  only  is  not  pierced 
by  the  arterial  canal.    The  atlas  has  a  broad  flat  '*  tranverse^  process. 

The  digits  are  4—3 ;  the  third  with  a  symmetrical  hoof,  those  of  the 
exterior  digits  halved ;  the  former  have  two  reverted  proximal  processes, 
the  latter  one.  The  astragalus  exhibits  a  deeply  grooved  and  extensive 
trochlear  arc,  with  rather  long  neck,  which  has  a  greater  facet  for  the 
astragalus,  a  lesser  for  the  cuboid  bone. 

From  the  above  it  is  evident  that  this  genus  is  nearly  allied  to  Tapi- 
ra»  and  cannot  be  removed  to  another  family.  Professor  Leidy  states 
that  the  premolars  differ  from  those  of  Tapirvs  in  having  *'  but  one  in- 
ner lobe^  connected  with  the  exteral  crest  by  two  transverse  crests.^  The 
ap})earance  of  one  lobe  is  produced  by  the  posterior  curvature  of  the 
anterior  transverse  crest  round  the  inner  extremity  of  the  posterior 
crest. 

I  now  proceed  to  describe  the  skeleton  more  exactly. 

Hyrachytjs  princeps.  Marsh. 

Amer.  Jour.  Sci.  and  Arts,  1872,  p.  125. 

From  South  Bitter  Creek, 

Hyrachyus  exxmius,  Leidy. 

Hayden's  Geol.  Sarvey  Montana,  1871,  p.  361. 

Oranivm. — In  the  specimen  to  be  described,  the  anterior  portion  from 
the  glenoid  cavities  is  wanting.  The  sagittal  crest  is  quite  elevated,  and 
the  lateral  occipital  quite  prominent,  and  continuous  below  with  the 
Buperior  margin  of  the  squamosal  portion  of  the  zygoma.  Four  nutri- 
tions foramina  pierce  the  parietal  bone  near  its  middle  and  above  the 
paramastoid  process,  and  two  enter  the  squamosal  above  the  postglenoid 
proeesa.  The  paramastoid  process  approaches  near  the  occipital  condyle 
by  its  posterior  border.  I  cannot  discover  the,  sutural  boundaries  of  the 
laastoid  bone,  but  that  separating  the  paramastoid  process  from  the 
process  in  front  of  it  is  distinct.    The  condyle  of  the  mandible  is  mas* 
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sive,  and  the  posterior  border  of  the  latter  extends  backward  witti  a 
slight  obliquity. 

Measuremejits. 

v. 

Elevation  of  sagittal  crest  above  foramen  magnum.^, 0.045 

Width  of  bifurcation  of  crest  behind .033 

Width  of  occiput  behind  ueatus  auditorius Oi*) 

Width  between  and  inclusive  of  occipital  condyles W6 

Width  temporal  fossa  at  meatus wO 

Width  meatus  auditorins i .Oli 

Width  condyle  of  mandible .- OS 

Depth  of  ramus  behind « ^ 

In  further  illustration  of  the  species  I  add  measurements  of  teeA, 
&c.,  from  another  specimen : 

Measurements. 

It 

Length  of  last  two  superior  molars 0.041 

Length  of  last 013 

Width  of  last U^ 

Length  of  inferior  molar  series 095 

Length  of  premolars 04<) 

Length  of  last  molar ..021 

Width  of  hist  molar 1 013 

Dex)th  ramus  at  first  true  molar ..* 040 

VertebrcB. — ^The  atlas  is  deeply  incised  anteriorly  above.  It  is  rather 
short,  and  its  traverse  processes  are  iiat,  thin,  about  as  long  as  broad, 
and  with  regular  convex  distal  margin.  The  arterial  foramen  issaes 
some  distance  above  and  within  the  notch  which  marks  the  anterior 
base  of  the  transverse  process.  It  enters  at  tlie  notch  at  the  postedor 
base.  The  neural  arch  is  quite  convex,  and  its  anterior  margin  is  ob 
tusely  rounded.  The  axis  is  near  the  same  length,  and  bears  a  prooii- 
uent  and  elongate  laminate  neural  spine.  Its  diaparapophysis  is  oarrov^ 
and  overlaps  the  parapophysis  behind  it  three-quarters  of  an  inch;  it  is 
pierced  for  the  cervical  artery.  The  centra  of  the  third  and  fourth  oer- 
vjicals  are  about  equal  in  length  to  that  of  the  axis,  but  the  remaining 
ones  shorten  successively  to  the  seventh,  which  malptains  a  length 
somewhat  greater  than  its  width.  The  parapophyses  of  these,  except 
the  seventh,  are  flattened,  and  have  considerable  anteroposterior  extent, 
their  extremities  overlapping.  A  short  and  rather  narrow  and  stout 
diapophysis  is  present  on  the  sixth  cervical  5  on  the  seventh  it  is  larger, 
especially  expanded  antero-posteriorly  at  the  base  and  truncate.  There 
is  no  parapophysis.  The  fourth,  fifth,  sixth,  and  seventh  have  strongly 
opisthocodiian  centra;  that  of  the  third  is  injured. 

Measurements. 

Length  of  the  cervical  series 0JT5 

Length  of  atlas,  between  articular  faces W^ 

Length  of  base  transverse  process *^' 

Length  of  transverse  process ^ 

Diameter  neural  canal  in  front '*^' 

Diameter  of  anterior  expanse ^' 

Diameter  of  total  expanse ^ 

Length  axis  along  basis  neural  arch ^ ^ 

Elevation  crest  (rectangular)  from  posterior  zy^apophysis ^ 

Length  parapophysis  of  fifth  cer\'ical  on  margin .  ^^'\ 

Extent  zygapophyses  of  fifth  cervical  on  margin ^^^ 

Expanse  zygapophyses  of  fifth  cervical  on  margin  behind ^ 

Elevation  neural  spine  ofC.  6 ^f* 

Elevation  neural  spine  of  C.  7 l^ 

Length  centrum  below  ofC.7 i^ 

Diameter  of  cup,  about ^ 
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The  measuremeuts  indicate  that  the  neural  spines  of  the  sixth  and 
seventh  are  qaite  elevated,  the  latter  nearly  equal  to  that  of  the  first 
dorsal. 

The  spines  of  the  dorsal  vertebrae  are  elevated  in  the  front  of  the , 
series  rising  some  distance  above  the  scapulse.  They  shorten  and  widen 
rapidly  from  the  middle  of  the  series  backward.  The  extremities  of  all 
from  the  scapula  posteriorly  are  turned  forward.  The  metapophyses  are 
couspicaonsly  elevated  above  the  diapophysis  on  the  eleventh  dorsal, 
and  on  the  eighteenth,  their  elevation  is  about  A  that  of  the  neural 
spine.  The  diapophysis  is  extended  beyond  the  tubercular  articulatioa, 
on  the  eig^hteenth  dorsal ;  the  extension  and  expansion  increases  rapidly 
on  the  Ininbars.  On  the  fourth  they  are  as  wide  at  the  base  as  .66,  the 
length  of  the  centrum,  and  maintain  their  width,  being  directed  an- 
teriorly. On  the  sixth  and  seventh  they  are  still  wider  and  longer,  and 
very  thin.  They  present  a  projecting  transverse  surface  backward 
one-foarth  the  length  from  the  base  for  articulation  with  the  seventh 
lumbar  and  first  sacral  respectively.  The  centra  of  the  lumbars  are 
depressed  and  slightly  opisthocoelian,  except  the  ^  last,  which  is  flat 
They  are  contracted  and  keeled  below. 

The  sacrum  is  long  and  narrow,  and  thoroughly  co-ossified  in  the 
specimen.  The  diapophysis  of  the  first  and  part  of  that  of  the  second 
give  attachment  to  the  ilium.  The  intervertebral  foramina  are  rather 
smalL 

Measurements, 

M. 

t<eii((th  of  dorsal  vertebrsB  along  middles  of  nenral  spines 0. 420 

Length  of  Inmbars  do 298 

Length  of  sacrum  along  centra 170 

Diameter  cen tram  first  dorsal,  (transverse) 019 

Diameter  centrum  first  dorsal,  (vertical) 019 

Diameter  centrum  fifth  Inmbar,  (vertieal) 020 

Diameter  centrum  fifth  lumbar,  ( transverse) 0:)25 

Length  do 039 

Length  diapophysis  sixth  do 065 

Greatest  transverse  width  of  diapophysis  sixth  lumbar 030 

Length  centrum  seventh  lumbar 034 

Transverse  diameter  centrum  first  sacral 036 

Transverse  expanse  diapophyses  do 086 

Transverse  diameter  end  of  last  sacral 020 

Transverse  diameter  diapophysis  do - *...     .043 

Blevation  neural  spine  second  dorsal 095 

Elevation  nenral  spine  seventh  dorsal  above  scapula 035 

Elevation  neural  spine  eighteenth  dorsal,  (firom  arch  behind) .  037 

The  ribs  are  long  and  slender,  the  first  but  little  expanded  distally 
and  united  with  the  manubrium  sterni  a  little  behind  its  middle.  They 
number  eighteen,  but  as  the  last  is  quite  long,  there  may  have  been 
another  pair  of  shorter  ones  not  yet  exposed  in  the  matrix. 

Measurements. 

M. 

Length  first : 0.118 

Width  first,  distally. 018 

LcBgth  eighteenth )    ^^^^  x„,^,^,^    5 180 

Length  8iiteenth/(end  broken)  i    from  tubercle    | 223 

There  are  four  sternal  segments  preserved,  with  a  fragment  of  another. 
Tbey  are  distinct,  and  the  first  is  the  largest.  It  is  a  longitudinal  plate, 
placed  on  edge,  with  the  anterior  border  strongly  excavated.    The  in- 


59iB  GEOLOGICAL   SURVEY   OF   THE   TEEBITORIES. 

ferior  margins  of  the  sacceeding  segments  are  thickened,  bat  the  com- 
pressed form  remains,  the  section  being  triangular. 

The  scapula  is  large  for  the  size  of  the  animal.  It  has  an  approxi- 
mately triangular  form,  the  base  being  superior.  The  posterior  angle  is 
right,  but  the  anterior  regularly  rounded.  The  apex  supports  the  gle- 
noid cavity  on  a  neck  which  is  contracted  by  a  shallow  excavation  of 
the  anterior  margin.  The  latter  is  bounded  next  the  glenoid  cavity  by 
the  short  obtuse  coracoid,  which  stands  a  short  distance  above  the  artic- 
ulation. The  spine  is  long,  rather  elevated,  with  a  i-egular  convex  bord& 
curved  backward. 

Measuremefits, 

Length  of  tbree  Btemal  segments ^ 0.147 

Length  of  first  eternal  segments fi&A 

Depth  of  first  sternal  segments  in  front 044 

Width  of  first  sternal  segments  below 064 

Width  of  third  sternal  segments...^ 0\n 

.Length  of  scapnlo,  (median) tlS 

Width  above,  (greatest) 13^ 

Width  of  neck 086 

Width  of  glenoid  cavity 035 

Humerus. — ^The  head  is  directed  a  little  inside  of  directly  backward. 
The  bicipital  groove  is  very  deep  and  the  inner  tuberosity  large  and 
directed  forward.  The  external  tuberosity  is  much  larger,  as  osaai  in 
this  group  of  ungulates,  and  rises  in  a  hook-like  apex  above  the  level  of 
the  head.  The  external  bicipital  ridge  is  lateral,  and  not  very  promi- 
nent, extending  on  one-third  the  length  of  the  shaft.  The  shaft  is  mod- 
erately compressed  at  the  middle,  but  transversely  flattened  below.  It 
is  nearly  straight.  The  condyles  are  narrow,  and  the  inner  and  onter 
tuberosities  almost  wanting ;  their  position  marked  by  shallow  concavi- 
ties. The  external  continues  in  a  lateral  crest  which  turns  into  the 
shaft  below  the  lower  third.  The  inner  condyle  is  both  the  widest  atid 
most  prominent ;  the  external  has  its  carina  at  its  middle,  and  its  ex- 
ternal trochlear  face  oblique  and  narrow ;  narrowest  behind.  The  ole- 
cranar  and  coronoid  fossa)  are  deep  and  produce  a  small  snpra-condylar 
foramen. 

The  uliM  exhibits  a  large  and  obtuse  olecranon,  concave  on  the  ex- 
ternal face.  Its  glenoid  cavity  is  narrowed  and  elevated  behind  j  in 
front  it  widens,  and  there  the  ulna  receives  the  transverse  proximiU  end 
of  the  radius,  which  overhangs  it  on  both  sides,  leaving  the  little  eleva- 
tions of  the  right  and  left  coronoid  processes  about  equal.  The  vertical 
diameters  of  the  shaft  of  the  ulna  are  about  equal  throughout.  Its 
section  is  triangular,  the  base  being  next  the  radius  for  the  proximal 
third.  This  is  followed  by  an  edge  next  the  ulna,  and  the  base  of  the 
section  is  on  the  outer  inferior  aspect,  on  account  of  the  direction  of  an 
angle  from  a  short  distance  beyond  the  outer  coronoid  process  to  the 
base  of  the  ulnar  epiphysis,  where  it  disappears.  Distally  there  are 
two  other  very  obtuse  ridges  above  this  one.  The  extremity  bears  two 
facets — ^the  larger  for  the  cuneiform,  the  smaller  for  the  pisiform  bone.  . 

The  radius  is  throughout  its  length  a  stouter  bone  than  the  ulna  and 
bears  much  the  greater  part  of  the  carpal  articulation,  viz :  with  the 
scaphoid,  lunar,  and  part  of  the  cuneiform  bones.  This  articulation  is 
transverse  to  that  of  the  ulna,  which  is  thus  at  one  side  of  and  behind 
it.  The  head  is  a  transverse  oval  in  section,  the  narrower  end  outward. 
The  articular  face  consists  of  one  and  a  half  trochle®,  the  latter  wfder 
and  internal.    The  shaft  is  a  transverse  oval  in  section,  with  an  angular 
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ridge  alon^  the  middle  externally,  and  the  distal  part  proximally.  A 
broad  groove  marks  the  upper  face  of  the  epiphysis,  where  the  shaft 
lia;^  a  vertical  inner  face. 

Measurements. 

Length  hnmeTas, (axial) - : 0.270 

Diuitaieter  head  to  bicipital  groove .037 

Length  along  crest  outer  tuberosity,  (about) 052 

Transverse  diameter,  distally 046 

Antero-posteiior  diameter,  inner  condyle 04S 

Width  olecranar  fossa 020 

Length  ulna 260 

Depth  olecranon,  distally 0*^ 

Depth  at  coronoid  process 025 

Depth  of  distal  end .019 

Depth  at  middle  shaft 019 

Length  radias 200 

^idth  of  head 036 

Depth  of  head 021 

Width  shaft  at  middle 021 

Width  near  distal  end,  (greatest) O;^ 

Width  distal  articulation 030 

The  elements  of  the  carpus  are  distingnished  for  length,  and  for  re- 
daction of  width.  The  anterior  faces  of  all  are  considerably  longer 
than  broady  but  the  longest  faces  of  the  cuneiform,  scaphoid,  and  trape- 
zoides  are antero-posterior.  The  facets  are  as  usual  in  thecarpus ;  sca- 
phoid^; lunar^;  cuneiform  f;  trapezium^ ;  trapezoidcs  | '  magnum  |; 
unciform  f .  The  cuneiform  has  a  rather  Lshaped  external  face.  The 
pisiform  Las  two  pix>ximal  facets  and  is  enlarged  and  thickened  distally ; 
pressed  inward,  it  reaches  the  scaphoid*  The  trapezium  is  a  small 
sabdiscoid  bone  with  convex  outer  face.  The  magnum  is  as  broad  as 
deep  in  front,  where  its  surface  is  swollen :  it  is  produced  behind  into  a 
^[»atulat»  decnrved  hook.  The  unciform  has  a  narrow  sub-acute  hook 
l^ind,  with  wide  base. 

Measurements* 

Widthofcarpals  of  first  row  together 0.044 

Widthof  Innare,  oaterface 016 

Depth  of  hinare  ,  enter  face 020 

Depth  of  cnneiform,  outer  face 020 

Widthof  cimeiforiD,  onterface 020 

length  of  pisiform,  onterface 030 

Depth  distally,  outer  face 014 

Width  throe  carpals  of  second  row 038 

Width  magnam,  outer  face 015 

Depth  ma^nm,  onterface • 014 

D^pth nnciform,  oaterface 017 

Width  nnciform,  outer  face '.. 020 

Length  unciform,  antero-posterior *02l 

length  magnum,  antero-posterior.^ 029 

Total  length  pf  carpals 040 

The  metacarpals  are  quite  slender.  The  first  only  is  wanting  ]  the 
third  is  rather  stouter  than  the  others,  while  the  fourth  is  considerably 
fte  most  slender.  Its  distal  extremity  is  oblique,  with  prominent  median 
keel,  which  is  wanting  on  the  superior  aspect.  The  proximal  facets  of 
these  bones  are  respectively  (2d)  2,  (3d)  2,  (4th)  1,  (5th)  1.  There  is  a 
short,  shallow  groove  near  the  proximal  end  of  Ko.  3.  The  x>halanges 
^rresponding  are  lost  in  the  specimen. 
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MeamrewienU. 

Length  of  fifth  metacarpal 0.070 

Estimated  length  of  foot —  -1^ 

Distal  diameter  of  fifth  metacarpal —  -013 

Proximal  diameter  of  metacarpsu ---  -^07 

Proximal  diameter  of  fourth  metacarpal. -.  o^^lS 

Proximal  diameter  of  third  metacarpal •-<->  •  017 

Proximal  diameter  of  aecond  metacarpal .-  .013 

The  above  are  taken  on  the  articalar  faces  transversely. 

The  pelvis  is  perfectly  preserved.  The  ischium  is  but  little  over  half 
as  long  as  the  ilium,  measuring  from  the  middle  of  the  acetabul  nm.  The 
ilium  is  a  triradiate  bone,  the  superior  or  sacral  plate  rather  shorter  and 
wider  than  that  forming  the  ''  crest,"  which  is  subsimilar  to  the  pedun- 
cular portion.  The  crest  expands  very  slightly  distally  forward  and 
downward.  The  ischio-pubic  suture  is  a  long  on^  and  the  obturator 
foramen  a  long  oval ;  the  inferior  pelvic  elements  go  not  form  a  trass- 
verse,  but  meet  at  an  open  angle. 

Measurements. 

Length  ilium  to  sacral  border 0.  i;^ 

Length  ilinmtocreet 1^ 

Width  crest 060 

Width  peduncle O30 

Length  ischium  from  middle  of  acetabulum ^ 110 

Width  ischium  posteriorly 080 

Length  obturator  foramen 041 

Width  obturator  foramen .. « 034 

Expanse  of  ischia  above  at  middle 076 

Femur. — ^The  head  projects  inward  on  a  well-marked  neck.  The  great 
trochanter  is  strongly  recurved  and  presents  an  anterior  tuberosity  as 
well.  It  rises  to  an  incurved  apex  much  elevated  above  the  head.  The 
prominence  of  the  front  of  the  femur  is  continued  into  the  front  of  the 
trochanter.  The  outer  margin  of  the  shaft  is  thin,  and  at  a  point  two- 
fifths  the  length  from  the  proximal  end  is  produced  into  a  low  third 
trochanter,  which  is  curved  forward  and  thickened  on  the  margin,  llie 
trochlea  is  well  elevated,  the  inner  margin  a  little  the  more  so,  and  is 
narrow.  It  is  continuous  with  the  surface  of  the  inner  condyle,  which  is 
the  shorter  and  more  vertical;  the  external  is  longer  and  divergent;  its 
terminal  face  is  marked  by  two  fossse,  one  in  front  of  the  other  just  out- 
side the  distal  end  of  the  ridge  bordering  the  trochlea.  Little  trochanter 
moderate. 

Measurements. 

K. 

Total  length 0.285 

Proximal  width  of  head  and  trochanter 075 

Width  from  front  to  ed^e  third  trochanter 030 

Width  Just  above  condyles , 0:^5 

Width  of  condyles ft'KJ . 

Chord  of  onter  condyle  and  trochlea 060  ' 

The  tibia  has  a  broad  prominent  crest,  which  is  remarkable  in  being 
deeply  fissured  longitudinally  at  its  superior  portion.  The  tendinous 
notch  separates  the  outer  portion  of  the  crest  from  the  spreading  margin 
of  the  outer  cotyloid  face.  The  crest  disappears  at  the  proximal  Utird, 
and  the  shaft  becomes  flattened  in  front  and  on  the  inner  side.  The  dis- 
tal articular  extremity  is  impressed  by  1.  §  trochlese,  the  outer  being 
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completed  by  the  fibala.  Tbe  posterior  tuberosity  is  more  Dearly  median 
than  nsaal,  hence  the  inner  mar^nn  of  the  inner  trochlea  is  low  poste- 
riorlyy  and  the  inner  malleolus  has  a  considerable  beveled  inferior  mar- 
gin. The  filmla  has  a  slender  shaft,  but  little  compressed.  The  head  is 
expanded  fore  and  aft^  and  the  malleolus  is  quite  stout. 

Measurements. 

M. 

Length  of  tihia 0.244 

Diameter  from  ontejr  angleof  head  to  inner  angle  of  ereat 0H5 

Diameter  distal  end,  (greatest) 035 

Diameter  articolar  face,  transverse 027 

Diameter  articular  face,  fore  and  aft 026 

Botb  "hind  feet  are  perfectly  preserved.    The  astragalus  is  rather  elon- 
gate and  compressed,  the  lower  face  truncate  with  two  longitudinal 
honnding  ridges,  the  outer  of  which  is  discontinued  before  reaching  the 
heel.    The  surface  between  them  is  striate  grooved.    The  outer  face  is 
slightly  concave.    The  astragaline  facets  are  much  expanded  inward ) 
tbe  outer  is  transverse  and  strongly  convex,  and  separated  by  a  groove 
from  the  inner,  which  is  longitudinal  and  nearly  plane.    The  posterior 
edge  of  this,  and  convexity  of  the  outer  facets  are  received  into  a  trans- 
verse groove  of  the  posterior  part  of  the  lower  face  of  the  astragalus. 
The  cuboid  facet  is  diagonal,  and  is  bounded  within  by  a  third  narrow 
&cet  for  the  astragalus.     The.astragalns  has  a  strongly  convex  deeply 
grooved  trochlea ;  the  convexity  extends  over  158^.    The  trochlea  is 
nearly  in  the  vertical,  a  little  oblique  to  the  loogitudinal  axis  of  the 
loot.    The  exterior  malleolar  facet  is  well  markcMl,  and  bounds  a  lateral 
fossa  above.    The  neck  of  the  astragalus  is  broad  and  not  contracted,  but 
not  wider  than  the  trochlea.    Its  navicular  facet  is  wide  and  concave, 
.   the  cuboid  narrow,  with  a  long  angle  behind.    The  cuboid  is  quite  elon- 
gate, and  with  a  narrow  anterior  face ;  it  has  a  large  posterior  tuberosity 
Bot  projecting  much  posteriorly.     The  navicular  is  flat,  with  a  sigmoid 
proximal  face,  convex  on  the  inner  side,  concave  on  the  outer.     It 
has  the  three  cuneiform  facets  below  the  inner  antero-posterior.    The 
inner  is  a  flat  bone  with  antero-posterior  plane  and  apex  directed  back- 
"Ward,  and  considerably  oblique  facet  for  the  second  metatarsal.    The 
mesocnneiform  is  much  the  smaller,  and  brings  the  third  metatarsus  a 
short  distance  proximal  to  the  fourth.    The  ectocuneiform  is  a  little 
wider  than  deep.    The  metatarsals  are  three,  and  are  rather  slender. 
The  two  outer  are  equal  in  length,  and  the  median  but  little  wider  prox- 
imaUy,  the  increased  width  being  more  obvious  distally.    They  have  no 
proximal  grooves,  and  the  outer  has  a  low  outer  tuberosity.    The  facets 
of  the  second  row  of  tarsals  are  \\\*    The  phalanges,  including  un- 
gueal,  are  3,  3,  3.    The  proximal  ones  are  longer  than  wide  and  con- 
tracted at  the  ends ;  the  penultimate  are  still  stouter  in  form.    The 
nDgnes  of  middle  line  are  symmetrical  and  broad,  with  the  margin  a 
fiegment  of  an  ovoid,  and  slight  contraction  at  the  neck.    The  proximal 
ttrticalation  is  bounded  by  a  fossa  on  each  side,  which  is  in  its  turn 
isolated  by  the  elongate  process  found  in  the  tapir  and  in  the  horse. 
The  margin  is  marked  l)y  radiating  striae  separated  by  grooves,  of  which 
the  median  is  the  most  marked.     The  lateral  ungues  are  contracted  on 
the  inner  side,  and  only  possess  the  proximal  fossa  and  hook  on  the 
outer  side.    The  median  distal  groove  is  well  marked. 

Measurements. 

^ligth  of  hind  foot  from  heel 0.286 

J^Kth  of  calcanenm 083 

'^^K^  of  cuboid  facet  of  calcanenm 024 
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Depth  calcaneum  behind 

Width  calcaneum  at  astragalus OK 

Greatest  axial  length  of  astragalus •.• .06 

Width  between  trochlear  crests  astragalus fiSP 

Length  neck  between  trochlear,  outer  side \ OtI 

Width  head  between  trochlear 036 

Width  navicular -ftS 

Length  navicular  at  middle Olfi 

Lengtli  cuboid... « • — Ott 

Depth  outside - C®. 

Length  ectocuneiform  in  front .^i^.    .^ 

Width  ectocuneiibrm  in  front w .019 

Width  meeocunoiform  in  front ^ .OiS 

Length  mesocuneiform  in  front .01^ 

Length  entocuneiform  at  side : 021 

Depth  entocuneiform  at  side .015 

Length  of  metatarsus  II A(& 

Length  of  metatarsus  III —    .107 

Width  of  metatarsus  11  proximally 016 

Widtfi  of  metatarsus  III  proximally tSfl 

Width  of  metatarsus  II  distally >  within^ 016 

Width  of  metatarsus  III  dist<aUy 5  ^os^a  ( ---    'OSS 

Length  median  phalanges  I ^ .0^ 

Width  median  phalanges  I  distally 015 

Depth  median  phalauges  I  distally OOO 

Length  median  phalanges  II • 015 

Length  median  phalanges  un^^uis 0^ 

W^idth  of  articular  facet  unguis 014 

"Width  of  neck  of  facet  unguis 021 

Width  of  greatest  expanse  facet  unguis jP 

Length  phalauges  of  metatarsal  II u69 

Length  unguis  of  metatarsal  II 0^ 

Width  unguis,  (greatest) W5 

Length  metarsusand  phalanges  IV 136 

Eestoration, — ^The  followiDg  dimensions  may  be  relied  on  as  a  basis  for 
a  restoration  of  this  species : 

Measurements. 

n. 

fhead W8» 

Lenirth  ^  "^'^r'®^"^!  ^^^l^™^  i®8*  **>! - -— -    ^ 

tequal  42.1  inches 1-^ 

of  neural  spines  exposed OK 

of  scapula ^ 

Height. -{  of  fore  leg *^ 

total  31.0.5  inches  inclusive -^^ 

i  of  hind  leg 1 -770 
of  elevation  of  ilium -^^ 
total  29.7  inches ^ 

Depth  of  body  at  middle  manubrium ;.........     ^ 

Depth  of  body  at  15  rib ^ 

Allowance  being  made  for  the  obliquity  of  the  humeras,  scapDl«i 
femur,  and  ilium,  the  elevation  in  life  was — 

At  the  withers,  (26.6  inches) .--    ^ 

At  the  rump •^^ 

The  size  of  this  species  was,  then,  that  of  a  large  sheep. 

Comparison  of  the  skeleton  with  tJiat  6f  Tapinis  roulinL^^Fov  the  oppor* 
tunity  of  making  this  comparison  I  am  indebted  to  the  Smithsoniim 
Institution,  which  possesses  a  skeleton  of  the  above  species  of  tapir  from 
Ecuador,  presented  by  President  Moreno. 

Cramum. — In  addition  to  the  generic  characters  mentioned  at  tho 
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Qommencem^nt  of  this  description,  the  H.  eximius  and  T.  roulini  differ 
as  follows  :  in  H,  eximius  there  is  (1)  a  high  sagittal  crest  which  is  want- 
ing Id  T.  roulini,  T.  malayannsj  and  approximated  in  T.  terrestris.  (2) 
^e  crest  of  the  squamosal  part  of  the  zygoma  is  continaoos  with  the 
lateral  occipital  crest,  which  is  not  the  case  in  existing  tapirs. 

Vertehrce. — (1)  The  arterial  canal  of  the  atlas  is  not  isolated  in  front 
as  in  T.  roidini^  bat  notches  the  basis  of  transverse  process.  (2)  The 
axis  is  longer  than  in  T,  roulini,  (3)  The  nearal  spines  and  especially 
the  metapophyses  of  the  posterior  dorsal  vertebi*8B  are  more  elevated. 
'.(4)  The  end  of  the  centra  of  the  lumbars  are  flatter,  and  more  depressed, 
(o)  The  diapophyses  of  the  same  are  wider  and  longer  and  thinner,  and 
ihe  pennltimate  articulates  with  the  last  by  an  angular  process,  which 
is  not  the  case  in  T.  roulini. 

Scapula. — (1)  This  bone  is  equal  in  size  to  that  of  a  T,  roulini,  of  con- 
Biderably  greater  general  dimensions,  and  is  hence  relatively  larger.  (2) 
The  spine  is  not  angulate  as  in  that  species,  has  a  larger  base,  and  larger 
elevated  margin.  -{3)  The  neck  is  more  contracted,  and  (4)  the  coracoid 
is  not  recurved  as  in  T.  rouliiii,  (5)  The  sinus  bounded  below  by  the 
latter  is  much  shallower,  and  not  bordered  above  by  a  recurved  hook  of 
the  margin. 

Humerus. — (1)  It  is  relatively  smaller  in  JST.  eximitis,  (2)  The  internal 
bicipital  ridge  of  T.  roulini  is  wanting.  (3)  The  external  condyle  is  much 
shorter,  whence  its  border  is  nearer  its  trochlear  rib.  The  radius  has  a 
Darrowej  head,  (1,)  the  external  articular  plane  being  shortened.  (2)  The 
«haft  is  wider  with  a  more  acute  longitudinal  lateral  ridge  medially,  and 
more  rounded  distal  end.  The  ulna  is  (1)  absolutely  nearly  as  long  as 
in  T.  rouliniy  being  thus  relatively  longer.  (2)  It  has  three  weak,  longi- 
tudinal ridges  on  a  convex  outer  face ;  in  T,  roulini  the  external  face  is 
divided  by  a  very  prominent  longitudinal  angle  from  the  radial  cotylus, 
which  spreads  distally,  sending  one  angle  to  the  upper  and  another  to 
the  lower  base  of  the  distal  epiphysis. 

Carpus. — ^This  part  is  (1)  absolutely  and  relatively  smaller  than  in  T. 
rtmlini.  (2)  The  pisiform  is  more  cylindroid  distally.  (3)  The  scaphpid 
is  more  produced  backward  on  the  inner  side ;  the  excavation  of  the 
In&er  side  is  more  continued  as  a  concavity  of  the  outer  side  of  the  front. 
(^)  The  unciform  has  an  acute  tuberosity  behind;  in  T,  roulini  it  is  short, 
vertical,  and  obtuse.  (4)  The  trapezoides  has  a  shorter,  wider,  and  more 
swollen  external  face.  (5)  The  x)isiform  is  small  and  convex,  instead  of 
being  larger  and  flat. 

The  metacarpals  (1)  are  absolutely  and  relatively  smaller.  (2)  The 
inner  (II)  has  a  more  oblique  phalangeal  articulation,  which  is  short 
above  and  with  the  keel  prolonged  upward,  instead  of  bdng,  as  in  T. 
rouliwi,  distal  only. 

The  pelvis  is  distinguished  by  the  much  longer  plate  of  the  ilium, 
^hose  extremity  constitues  the  crest.  (1)  The  crest  is  also  shorter,  and 
Biore  anterior.  In  T.  roulini  this  plate  does  not  so  much  exceed  the 
Sftcnd  plate  in  length.  (2)  The  pubes  and  ilia  are  not  so  horizontal,  but 
meet  at  nearly  a  right  angle,  and  (3)  the  ischiopubic  common  suture  is 
considerably  longer.  (4)  The  obturator  foramen  is  a  more  elongate 
oval. 

The/emwr  is  very  similar  to  that  of  T.  roulini,  being  no  smaller  in  rel- 
ative size.  (1)  The  great  trochanter  is  wider  fore  and  aft,  and  with 
Uk^Tgiu  more  continued  on  the  anterior  aspect  of  the  extremity  of  the 
fihjrft.  (2)  The  third  trochanter  is  nearer  the  middle  of  the  length.  (3) 
3^e  oondyle  surfaces  are  continuous  with  the  rotular,  not  isolated  as  iu 
I**  roulini.    The  latter  also  (4)  lacks  the  two  fossse  on  the  outer  margin 
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of  the  external  seen  in  S.  exinius.  (5)  The  rotular  groove  is  also  nar- 
rower in  the  latter  and  not  so  deeply  excavated  as  in  T.  roulini. 

The  tibia  is  (1)  reduced  in  size,  and  especially  contracted  distally ;  th« 
relative  widths  of  the  ends  are  6  cm  :  3.5  j  in  T.  roulini  7.5  cm  to  5.  ^JS\ 
The  crest  is  more  prominent,  and  is  deeply  fissured  by  a  groove,  which 
is  represented  by  a  shallow  concavity  in  T.  roulini.  The  groove  (3)  ex- 
ternal to  this  is  "deeper.  (4)  The  posterior  inner  tuberosity  of  the  distal 
end  is  more  median,  hence  the  inner  trochlear  groove  is  further  removed 
from  the  anterior  inner  malleolus,  which  has,  therefore,  a  greater  inner 
(not  outer)  extent. 

The  tarsus  (1)  is  generally  longer  and  narrower,  except  in  the  case  of 
the  cuboid  bone,  (2,)  which  is  shorter  than  in  T.  roulini.  (3)  The  astra- 
galus has  a  narrower  neck,  which,  therefore,  appears  more  on  the  inner 
side.  (4)  The  facet  for  the  cuboid  is  smaller.  (5)  The  inner  tuberosity 
of  the  head  is  more  prominent.  (6)  The  calcaneumis  more  slender,  with 
larger  cuboid  facet,  especially  posteriorly.  The  fnetatarsus  is  absolately 
nearly  as  long  as  in  T.  roulinij  and,  therefore,  relatively  longer  and  more 
slender.  (2)  The  median  (III)  is  nearly  similar  to  the  others  in  width; 
in  the  T.  roulini,  much  larger  than  the  lateral. 

The  phalanges  of  the  first  cross  series  are  more  contracted  distally. 

The  more  important  diflFerences  between  the  skeleton  of  the  two  species 
in  addition  to  those  pointed  out  under  the  head  of  the  genus,  are  those 
of  the  ulna,  the  scapula,  the  lumbar  vertebrae,  the  ilium,  and  the  crest 
of  the  tibia.  The  scapula  is  more  like  that  of  Tapirus  terrestrisy  while 
the  ilium  is  approximated  by  that  of  T.  malayanus  among  living  species; 
its  form  leans  toward  the  Equine  series,  and  not  to  the  Pal(eotheroid, 

Conclusion. 

From  the  preceding  it  is  evident  that  there  lived  in  North  America 
during  the  Eocene  period  a  type  of  Tapiridm  only  differing  genericaliy 
from  that  now  existing  in  South  America.  Thus  one  form  of  the  many 
peculiar  and  primitive  ones  of  that  time  still  persists  in  the  tropics  and 
southern  hemisphere,  which  claims  more  ancient  character  than  the 
rhinocerus,  elephants,  and  other  remains  of  Miocene  time. 

The  affinities  of  Cercolepies  and  Nasua  to  the  types  of  the  same  period 
have  been  already  indicated,*  and  with  the  present  case  may  be  regarded 
as  confirmatory  of  the  proposition  stating  the  early  geological  state  of 
the  existing  Fauna  NeotropicaA 

Hyrachyus  mPLicATUS,  Cope. 

On  some  Eocene  Mammalia,  &c,,  1873,  p.  5;  published  March  8. 

This  tapir  is  smaller  and  more  slender  than  the  H.  agrestisj  Leidy,  but 
exhibits  an  equal  size  of  posterior  molar  teeth,  which  are  thus  relatively 
larger  than  in  that  species.  It  is  represented  first  by  both  maxillary 
bones,  with  most  of  the  molars  complete,  from  Cottonwood  Creek, 
Wyoming ;  then  by  the  side  of  the  face,  with  molars  of  both  jaws  com- 
plete, with  symphysis  and  portions  of  all  the  incisors,  from  South  Bitter 
Creek,  and  by  part  of  mandibular  ramus,  with  teeth,  from  Green  River, 
with  probably  other  specimens. 

The  molars  differ  from  those  of  the  other  Hyrachyi^  and  resemble  those 
called  Helaletes,  in  the  presence  of  a  prominent  ridge,  which  descends 
on  the  inner  side  of  the  principal  (median)  outer  cusp,  not  quite  reaching 

*  See  on  the  Primitive  Types  of  the  Mammalian  OrderSi  1673. 
t  See  Origin  of  Genera^  p.  99  and  pieced. 
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the  valley  below.  It  wears  into  a  prominent  loop.  The  anterior  cusp  is 
much  less  elevated  than  the  median,  and  is  separated  ftom  the  latter  by 
a  considerable  ridge.  The  only  cingulum  on  the  molars  is  on  the  outer 
aide  of  tlie  first.    Enamel  smooth. 

« 

Measurements  N'o.  1. 

M. 

Length  of  five  molars 0.071 

Length  of  three  posterior  molars 0470 

Length  of  last  molar 0159 

Width  of  loBtmolar 0200 

Width  of  penultimate  molar 0210 

Length  of  penultimate  molar 0168 

In  the  more  perfect  specimen  all  of  the  molars  have  two  transverse 
crests,  except  the  P.  M.  1.  The  lower  molars  possess  strong  anterior 
prolongations  of  their  posterior  crests ;  the  third  and  fourth  premolars 
have  one  elevated  transverse  crest  near  their  middle,  and  the  second  is 
mach  compressed.  The  first  I  cannot  find.  Symphysis  rather  short 
for  the  genus. 

Measurements  No.  2. 

Length  of  superior  molar  series > 0.086 

Length  of  true  molars , 046 

Length  of  penultimate 015 

Width  of  i>ennltimate 019 

Length  of  inferior  molar  series .073 

Length  of  inferior  trne  molars 047 

Len^h  of  penultimate  • 017 

Width  of  penultimate * Oil 

Width  of  last  premolar •. 008 

Length  of  last  premolar .012 

JDoptb  of  ramus  at  last  premolar 0235 

Length  of  diastema 019 

Length  of  bases  of  three  inoisors 018 

Hybaohtxjs  AGBABrcs,  Loidy. 

Common  everywhere. 

Hybachytjs  boops,  Marsh. 

Seldlete9  'boSps,  Marsh,  American   Journal,  1872,  p.  218;  Hyrnchyva  hodpSt  Cope,  On 

some  Eocene  Mammals,  &c.,  1873,  p.  6. 

Bitter  Creek  and  Black's  Fork. 

Hyeachyus  nanus,  Marsh. 

Xaphiodon  namu.  Marsh,  American  Journal  Sciences  and  Arts,  1871,  July:  ^yrac%2(9 
naitN«,  Leidy,  Geological  Survey  of  Montana,  1871,  p.  361 ;  Helaletes,  Marsh,  1.  c, 
1872,  p.  218. 

Cottonwood  Creek. 

ANOHIPPODPS,  Leidy. 

Proceeding  Academy  Natural  Sciences,  Philadelphia,  1868,  p.  232;  TrogosuB,  Leidy, 
Pioceedmgs  Academy  Natural  Science,  Philadelphia,  1871,  and  Geological  Survey  of 
.  Moatana,  1871,1).  359. 

Anohippodus  minob,  Marsh. 

Palaxmfops  minor,  Marsh,  American  Journal  Science  and  Arts,  1871,  July;  Trogoaus 
castoridens,  Leidy,  Geological  Survey  of  Montana,  1871,  p.  360. 

Cottonwood  Creek. 
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OROHIPPUS,  Marsh. 

American  Jonmal  Science  and  Arte,  1872,  (pablished  August  7.) 

Superior  molars,  witli  two  external  crescentoid  crests,  and  two  inter- 
nal cones,  which  are  connected  with  the  former  by  low  oblique  crests 
which  are  directed  to  the  anterior  bases  of  the  outer  tubercles. 

This  genus  constitutes  an  approximation  of  the  XtmnoAyi/«  typeto 
Anchitheriunij  and  probably  connects  efiectively  the  equine  and  tapiroid 
divisions. 

Orohippus  procyoninus.  Cope. 

Proceedings  American  Philosophical  Society »  1872,  p.  466,  August  3.    (S^Joikerium,) 

Orohijipus  pwniltu,  Marsn,  1«  c,  August  7, 1^2. 

This  species  is  distinguished  by  its  small  size,  as  it  did  not  mnch  ex- 
ceed the  raccoon  in  dimensions.  The  size  of  a  right  superior  molar  is  as 
follows : 

Measurements. 

Length ^ 0.007 

Width  posterior i OOsS 

Width  anterior ..- 006 

The  crown  presents  four  tubercles,  of  which  the  inner  are  flat  on  the 
anterior,  the  outer  flat  on  the  external  side.  The  anterior  cross  ridge 
has  a  trihedral  tubercle,  and  a  low  tubercle  intervenes  between  the  two 
posterior  in  front  of  them.  Au  anterior  and  a  xH>sterior  cingulaoi. 
Enamel  smooth. 

Oenera  Ineertco  Sedis. 
OEOTHER[UM,  Marsh. 

Amectcan  Journal  Science  and  Arts,  1872,  p.  217. 

Obothebium  vasacciense,  Cope. 
On  some  Eocene  Mammals,  &c.,  p.  3. 

Lophiotherium  vasdccienaef  Cope.    Proceedings  American  Philosophical  Society,  1873^ 
JuJy  11,  (extras.)    Noikarctua  vajocciensis,  Cope,  1.  c,  1872,  474. 

This  species  is  similar  to  the  next  in  most  respects,  the  corresponding 
molars  difiering  in  the  more  elevated  yoke  between  the  tubercles  of  op- 
posite sides,  and  the  presence  of  a  posterior  median  tubercle. 

Eepresented  by  a  portion  of  the  left  ramus  of  the  lower  jaw,  oontdD- 
ing  one  tooth  in  perfect  preservation.  The  structure  of  this  indicates  it 
to  be  the  second  true  molar,  and  presents  certain  features  of  distinction 
from  the  same  tooth  of  the  L.  sylvatmim,  described  by  Dr.  Leidy.  The 
crown  presents  four  tubercles,  which  are  arranged  in  pairs,  the  separa- 
tion between  the  right  and  left  lobe  of  each  being  slight,  thus  giving  tiie 
tooth  the  appearance  of  having  two  transverse  crests  as  in  Hydratk^uL 
The  two  anterior  and  outer  posterior  tubercles  are  fissured  by  wearing, 
but  the  inner  posterior  consists  of  two  acute  crests,  which  meet^  pre- 
senting an  acute  angle  toward  the  adjoining  tubercle.  The  outer  pos- 
terior tubercle  sends  a  descending  crest  obliquely  to  the  base  of  the  inner 
anterior  tubercle,  as  in  L.  sylvaticum.    A  small  tubercle  occupies  the 
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space  behind  the  interval  between  the  posterior  tubercles  and  gives 
orifi^Q  to  a  cingulnm  which  passes  round  the  bases  of  the  oater  tubercles. 
It  extends  ronnd  the  front  of  the  tooth  to  the  outer  anterior  tubercle. 
Wear  would  produce  small  angular  crescents  from  the  two  posterior  and 
the  outer  anterior  tubercle.  Greatest  length  of  crown,  AJ[.  0.008 ;  width, 
.006.    The  enamel  of  the  tubercles  is  rugose. 

This  ungulate  was  of  about  the  size  of  the  L.  sylvaticunij  or  equal  to 
the  raccoon.  It  differs  considerably  from  that  species  in  the  less  isola- 
tion of  the  tubercles  of  the  molar,  and  the  crescentio  form  of  the  inuer 
posterior. 

From  Oreen  Biver  beds  near  Evanston,  and  the  same  near  Black 
Buttes,  Wyoming,  on  opposite  sides  of  the  Bridger  Basin. 

Orgtheeitjm  sylvatioum,  Leidy. 

Lopkiotherimm  sylvalicumj  I^eidy.    Proceedings  Acedemy  Natural  Sciences,  Philadelphia, 
126;  Orotherium,  Marsh,  American  Journal  Science  and  Art«,  1872;  Augast  13. 

From  Black's  Fork,  Wyoming. 

OLIGOTOMUS,  Cope. 

On  some  Eocene  Mammals,  &c,,  March  8, 1873,  p.  2. 

Ghar,  gen. — ^^iolars  constructed  much  as  in  Hyopsodus  and  Lophiothe- 
riuniy  viz,  with  two  external  subtrihedal  ciisps,  which  wear  into  cres- 
cents, the  posterior  connected  by  a  low  oblique  ridge  with  the  basis  of 
the  anterior  cone  of  the  inner  side ;  the  latter  with  two  conic  cusps.  It 
differs  from  these  genera  and  Orotherium  in  the  possession  of  but  two 
premolars;  the  inferior  molars  are  probably  six,  leaving  four  true 
molars. 

OWGOTOMUS  CINCTUS,  CopC. 
Loc.  cit. 

Char,  gpecif. — In  this  animal  the  cusps  of  the  molars  are  elevated,  the 
external  most  so,  the  anterior  being  somewhat  bilobate.  Premolars  with 
two  fangs.  There  is  a  rudimental  posterior  tubercle  in  M.  1  and  2,  and 
a  strong  cingulum  ronnd  the  outer  side  of  the  crown.  In  an  adult  with 
worn  teeth  the  enamel  is  obscurely  rugose. 

Measurements, 

Length  of  five  molars 0.0326 

Length  of  two  premolars OliW 

Length  of  M.  2 0067 

WIdthof  M.  2  anteriorly OOoO 

Width  of  M.  2  posteriorly OOuO 

Depth  ramus  at  front  of  P.  M.  1 0126 

From  Cottonwood  Creek,  Wyoming. 

ANTIACODON,  Marsh, 

American  Journal  Science  and  Arts,  1872,  p.  210. 

Antiacodon  pygm^tjs,  Cope. 

<C«pUotkeriii»  pwgnumtmf  Cope.  Proceedings  American  Philosophical  Society,  1S72, 
extras,  July  20;  Antiacodon  vennstuSj  Marsh,  American  Journal  Science  and  Arts,  1872| 
(pablished  Augast  13.)    Hifop8odu« pygmwMf  Cope,  loc.  cit.,  p.  461. 

From  Cottonwood,  Wyoming. 

Bepreeented  by  a  portion  of  the  right  mandibular  ramus,  with  the 
penultimate  and  anteoenultimate  molars  in  perfect  preservation.   These 
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teeth  present  four  cusps,  of  which  the  outer  are  crescentoid  in  section, 
the  inner  conic.  They  are  all  elevated,  and  the  inner  anterior  is  in  both 
teeth  compressed  and  bifid.  It  receives  an  oblique  ridge  from  the  outer 
posterior  crescent,  which  also  sends  a  ridge  to  the  posterior  inner. 
Enamel  smooth. 

MeasuremenU. 

K 

Lenj^thof  penaltimate  molar 0.0045 

Width  of  pen  ultimate  molar  behind OMO 

Depth  of  ramus  at  posterior  margin  of  penultimate  molar 0U70 

This  is  a  small  mammal,  about  equal  in  size  to  a  weasel. 

Antiaoodon  fuecatus,  Cope. 

On  some  Eocene  Mammals,  &,e,,  p.  1,  March  8, 1873. 

Established  on  a  part  of  the  right  ramus  mandibuli,  with  the  three 
molars  and  laat  premolar  in  perfect  preservation.  The  crowns  of  tbe 
molars  are  composed  of  two  external,  chevron-shaped  tubercles,  the  apices 
rising  as  acute  cusps,  and  two  internal  cones,  the  interior  of  which  is 
flattened  and  strongly  bifid,  both  points  being  more  elevated  than  any 
of  the  others.  The  cusps  are  nearly  opposite  to  each  other,  and  be- 
hind the  interval  between  the  two  posterior  rises  another,  not  so  ele- 
vated as  the  others,  except  on  the  posterior  molar.  Here  it  is  elevated, 
and  nearly  equidistant  from  the  two  in  front  of  it.  The  enamel  is 
smooth,  and  there  is  no  cingulum  on  either  side.  The  premolar  consists 
of  a  principal  sectorial  cusp,  and  has  a  smaller  but  stout  acute  anterior 
cusp,  with  a  small  rudiment  of  another  behind ;  a  stout  cusp  rises  from 
the  inner  posterior  margin  of  the  principal  one,  giving  it  a  subbiiid 
appearance. 

MeasuremenU, 

Length  of  four  molars 0.0195 

Length  of  three  true  molars 0149 

Length  of  last  tme  molar 0055 

Length  of  first  true  molar 0043 

Width  of  first  true  molar  front : 1)025 

Width  of  first  true  molar  posteriorly 0031 

Depth  of  ramus  at  front  of  M.  3 0075 

Depth  of  ramus  at  front  of  P.  M.  last 0055 

This  species  diflTers  from  the  last  in  the  presence  of  the  posterior 
tubercles  on  the  M.  2-3,  and  the  absence  of  external  cingidum.  The 
sizes  are  not  very  different. 

From  the  bluffs  of  the  Upx)er  Green  River. 

The  genus  to  which  this  species  belongs  differs  from  Eyopsodus  in  the 
carnivorous  form  of  the  last  premolar,  which  ha^  a  well-developed  an- 
terior cusp.  I  refer  it  to  the  same  genus  as  the  last  species,  though  it$ 
characters  have  never  been  pointed  out  by  the  author  of  the  name,  (Pro- 
fessor Marsh,)  nor  are  the  characters  which  distinguish  it  from  J^oma* 
codon  of  the  same  author  discoverable.  He  states  that  the  cusps  in  jH« 
vagans  are  "  isolated,''  a  character  which  does  not  apply  to  A.  /urcuius, 
in  which  they  are  related  much  as  in  Hyopsodus. 
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MICROSYOPS,  Leidy. 

Proceedings  Academy  Natural  Sciences,  1872,  p.  20. 

MICROSYOPS  viOARius,  Cope. 

On  some  Eocene  MamraalS;  &c.,  1873,  p.  1. 

Foanded  on  portioDS  of  the  mandibular  rami  of  two  iudiyiduals  from 
the  Bad  Lands  of  Cottonwood  Creek,  Wyoming.  These  represent  an 
animal  considerably  smaller  than  the  Hyopsodxis  paulus,  and  with  proba- 
bly only  three  premolars.  This  is  believed  to  be  the  fact  from  the  small 
8ize  of  the  last  premolar,  and  the  anterior  contraction  of  the  first  molar. 
The  molars  have  no  external  cingulum  nor  antero-external  tuberosity 
described  to  exist  in  the  Jli.  gracilis^  by  Marsh.  The  cones  have  simple 
apices,  and  the  oblique  connecting  ridges  of  both  genera. 

Measurements. 

H.pvlus,  M.  xieariiu, 
M. 

Length  of  three  molars 0.  .0136  0.0115 

Length  of  last  molar .-. 052  .0045 

Length  of  first  molar 040  .0038 

Width  of  first  molar  anteriorly .041  .00:26 

Width  of  first  molar  posteriorly 043  .0029 

HYOPSODUS,  Leidy. 

Proceedings  Academy  Natural  Science,  Philadelphia,  1871 ;  Geological  Survey  Mon- 
tana, 1871,  p.  362. 

Hydpsodus  paulus,  Leidy. 

Hay  den's  Snrvey  Montana,  &c.,  1871,  p.  363. 

From  Cottonwood  and  South  Bitter  Creeks. 

EODBNTIA. 
PARAMYS,  Leidy. 

Geol.  Survey,  Montana,  1871,  p.  357. 

Paramys  leptodus,  Cope. 

On  some  Eocene  Mammalia,  d&c.,  1873,  p.  3.    (Published  Maroh  8.) 

Established  on  a  right  mandibular  ramus  with  all  the  teeth  preserved. 
It  indicates  an  animal  of  about  the  size  of  the  P.  delicatus^  Leidy,  and 
P.  robustnsj  Marsh,  but  with  smaller  incisors,  which  have  little  more 
than  half  the  diameter  of  the  same  tooth  in  those  species.  The  molars 
have  two  anterior  separate,  and  three  posterior  contigaous,  cones,  the 
median  smallest.  The  anterior  and  posterior  of  both  sides  separated  by 
a  deep  excavation.  The  anterior  tooth  is  peculiar  in  its  greater  compres- 
sion. The  posterior  tubercles  are  not  separated,  and  the  anterior  inner 
sitaate  behind  the  outer,  and  connected  with  the  posterior  inner  by  a 
concave  ridge. 

39  a  s 
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Measurements. 

Length  molar  series , 0.0-221 

Lmigth  M.4 (All 

Width    M .OOro 

Lenfljth  M.1 ite® 

Width    M ^ 0(MS 

Diameter  lower  incisor,  trauBVci-se .0(i;i4 

Diameter  lower  incisor,  anterior  posterior .OO'Jfcl 

From  the  South  Bitter  Creek,  Wyoming. 

Paramys  undans,  Marsh. 

Sciuravus  undans^  Marsh.    Amer.  Journ.  Sci.  Arts,  1871,  (June  21.) 

A  smaller  species  than  the  P.  delicatissimusj  Leidy.  The  dental  char- 
acters of  the  mandibulai*  series  are  geuerically  identical  with  those  of 
the  species  of  Paramys. 

From  Upper  Green  River. 

Paramys  delicatissimus,  Leidy. 
Black's  Fork. 

Paramys  delicatior,  Leidy. 

Cottonwood  Creek  and  Black's  Fork. 

Paramys  delioatus,  Leidy. 
Black's  Fork. 

PSEUDOTOMDS,  Cope. 

Proceedinf^  Amer.  Philosophical  Society,  1872,  p.  467,  (Angust  3.) 

This  genus  is  represented  by  the  nearly  complete  cranium,  with  cast 
of  the  brain-case  of  the  typical  species.  The  cranium  is  of  depressed 
form  and  with  considerably  expanded  zygomata.  The  muzzle  is  bruad 
and  but  little  elevated,  so  that  the  nasal  meatus  is  between  the  alveolae 
of  the  superior  incisors.  The  frontal  bone  is  very  short,  and  the  super- 
ciliary margin  and  orbits  small,  and  without  postfrontal  process.  The 
temporal  fosssB  are  large,  and  contract  the  brain  case  behind  the  orbits 
to  a  striking  degree.  Their  anterior  margins  rise  from  the  postfixmtal 
angles  and  converge  backward,  meeting  in  a  sagittal  ridge  opiM>site 
the  anterior  part  of  the  squamosal  bone.  The  parietal  bones  increase 
rapidly  in  width  to  the  squamosals,  which  also  extend  horizontally  to 
their  zygomatic  portion.  They  do  not  extend  very  far  on  the  superior 
aspect  of  the  skull,  nor  backward  beyond  the  auditory  meatus.  The 
occipital  region  is  concave  and  surrounded  by  a  prominent  crest 

The  forayneth  infraorbitale  exterius  has  an  interior  position,  being  a 
little  above  the  alveolar  border ;  it  is  rather  small  and  round.  There 
is  a  prominent  tuberosity  on  the  under  side  of  the  basal  part  of  the 
molar  bone,  just  exterior  to  the  position  of  the  second  molar  of  Are- 
tomys;  its  inferior  face  is  truncate.  The  dentition  is  1. 1 ;  C.  1;  M.  |. 
The  incisors  are  rather  small  for  the  size  of  the  skull,  and  much  as  in 
Arctomys.  The  inner  face  is  truncate,  the  outer  continuous  with  the 
anterior  by  the  lack  of  separating  angle.  The  thin  enamel  is  extended 
part  way  on  the  outer  face.  At  a  point  twice  as  far  in  front  of  the  pre- 
maxillo-maxillary  suture  as  the  latter  is  from  the  line  of  the  zygoma, 
the  incisors  are  widely  separated  from  each  other,  whence  they  are  not 
probably  in  contact  when  they  issue  from  the  premaxillary  bones.    The 
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maiulibiilar  catters  are  leas  widely  separated  by  a  nan'ow  prolongation 
of  the  symphysis.  The  exposure  of  the  tooth  is  lateral,  its  direction 
nearly  auterior.  It  projects  anteriorly  very  little  beyond  the  symphysis, 
and  has  a  horizontal  triturating  surface  below  the  level  of  Ihe  latter. 
There  are  alveolsB  for  but  three  molar  teeth,  each  with  three  roots. 
The  teeth  themselves  are  not  contained  in  them,  bat  were  apparently 
lost  before  the  cranium  was  entombed  in  the  Eocene  mud.  The  posi- 
tion of  the  first  molar  is  occupied  by  spongy  bone  in  both  maxillaries, 
and  appears  as  though  such  teeth  might  have  existed  earlier  in  life  and 
been  shed.  The  pterygoid  laminae  are  prolonged,  inclosing  a  trough. 
Thu  foramen  ovale  is  well  developed  and  simple,  and  bounded  behind 
and  before  by  a  ridge.  There  are  no  additional  foramina  in  this  region. 
The  space  for  the  otic  bulla  is  moderately  large;  the  basicrauial  axis  is 
grooved  at  the  junction  of  the  basi-occipital  and  sphenoid  bones.  The 
zygomatic  arch  is  deep  and  thin.  The  glenoid  cavity  is  wide  but  lon- 
gitudinal. The  cast  of  the  brain  indicates  smooth  oval  hemispheres 
which  leave  the  cerebellum  and  olfactory  lobes  entirely  exposed.  The 
latter  are  ovoid  and  expanded  laterally.  This  genus  is  allied  to,  if  not 
actually  a  member  of,  the  Sciuridas.  The  breadth  and  depression  of  its 
form  reminds  one  of  Arctoinys^  but  the  contraction  behind  the  orbits  is 
very  different,  resembling  rather  the  form  of  Fiber.  The  lateral  sepanir 
tion  of  the  incisors,  sai)erior  and  inferior,  is  a  marked  peculiarity. 

PSBUDOTOMUS  HIANS,  CopC. 
hoe.  dU 

The  enamel  of  the  superior  incisors  is  not  grooved,  but  has  a  delicate 
sti-iate  sculpture.  The  inferior  incisor  does  not  project  as  far  as  the 
.nlveolar  border  of  the  jaw  ;  its  surface  worn  by  the  upper  incisor  is  hor- 
izontal and  anterior.  The  inferior  diastema  is  a  thin  edge,  and  the 
ramus  is  deep  there.  The  temporal  surface  of  the  parietal  bones  is 
rugose.  The  cranium  is  depressed,  and  has  a  trace  of  iuterparietal  crest. 
The  anterior  margin  of  the  temporal  fossa  is  marked  by  a  curved  angle 
on  each  side  of  the  frontal  bone.    The  supraorbital  arch  is  very  short. 

•  Measurements, 

Length  craninm,  (3.75  in.) 0.095 

Width  crKDinm,  (withont  zygomas) 040 

Width  crauinm,  (with  zygomas) 072 

Width  of  ocscipiit ' 032 

Width  cranium  near  end  of  nasals 027 

Widih  npi>er  cutting  tooth 007 

Depth  upper  cntting  tooth 0085 

Lenji^th  exposed  part  lower  tooth 009 

Width  exposed  part  lower  tooth 006 

from  the  Bad  Lands  of  Cottonwood.  Creek. 

MARSUPIALIA. 

TRIACODON,  Marsh. 
Amer.  Joum.  Sci.  Arts,  1871,,  July. 

This  genus  is  placed  here  on  the  authority  of  Marsh. 

Teiacodon  aculeatus,  Cope. 

proceed.  Amer.  Pbilos.  Soc.»  1872,  p.  460,  (July  29.) 

Established  on  two  teeth  of  the  molar  and  premolar  series.    The  mo- 
lar is  sabtriangalar  at  the  base  of  the  crown,  one  side  being  convex; 
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the  opposite  angle  nearly  right  and  the  two  remaining  sides  flat.  The 
crown  is  divided  into  three  elevated  trihedral  cones,  one  at  each  a«gle. 
Their  adjacent  angles  are  acute,  and  the  angle  of  anion  is  fissait^d  like 
the  same  point  in  the  sectional  tooth  of  carnivora.  The  smaller  lobes 
are  of  equal  elevation,  but  the  crown  of  one  is  expanded  so  as  to  be 
slightly  spade-shaped.    The  enamel  is  smooth. 

Measurements, 

Elevation  of  highest  cusp ,  0.0(%> 

Elevation  of  shorter IXC 

Long  diameter  base  of  crown (X^ 

Long  diameter  base  of  flat  side 0U5 

The  premolar  is  smaller,  with  shorter  cusps,  and  one  of  the  laterals 
reduced  to  a  rudiment.  This  species  is  near  T.fallax  of  Marsh,  but  the 
tooth  he  describes  is  narrower  in  proportion  to  its  length,  and  has  the 
anterior  lobe  little  over  half  as  high.  The  measurements  of  this  species 
are  somewhat  larger  than  those  given  by  Marsh  for  his  T.  grandUj 
(Amer.  Journ.  Sci.  Arts,  August  13, 1872.) 

BEPTILIA. 
CROCODIL. 

CROCODILUS. 

Cbocodelus  clavis,  Cope. 

Proceed.  Amer.  Philos.  Soc.,  1872,  p.  485,  (Aug.  20.) 

This  is  a  large  species,  with  a  muzzle  of  narrowed  proportions,  and 
sufficient  depth  to  give  it  a  broad  oval  section.  The  nasal  bones  appear 
to  have  reached  the  nasal  orifice.  The  anterior  superior  teeth  are  ver>' 
large,  especially  the  canine.  The  inferior  tooth  corresponding  is  large^ 
and  occupies  an  emarginatiou  which  approaches  near  to  the  nasal 
suture.  The  pitting  of  the  muzzle  is  fine,  and  the  swollen  interspaces 
much  the  wider.  The  teeth  have  stout  conic  crowns,  with  well-devel- 
oped cutting  edges,  and  coarse  striate  sculpture.  The  mandible  is 
acuminate  to  the  naiTOw  extremity,  and  has  a  long  symphysis,  which 
extends  to  opposite  the  third  tooth  behind  the  notch.  The  cervical 
vertebrae  preserved  have  round  cups;  they  have  a  simple  elongate 
hypopophysis,  with  a  pit  behind  it;  shoulder  very  prominent. 

ileasurements. 

jLeDgth  of  ramus,  with  teeth ■ 

Leugth  of  symphysis 135 

Width  of  ramus  at  end  of  symphysis 085 

Width  of  ramus  at  end  of  maudible U:iO 

Width  of  maxillary  at  third  tooth  above ftW 

Width  of  maxillary  at  notch  above <l^0 

This  species  has  a  more  slender  muzzle  than  those  described  by  Marsh 
and  Leidy,  and  is  of  larger  size. 

Crocodilus  ELLiOTTn,  Leidy. 

Geological  Survey  Montana,  1871,  p.  366. 

Abundant  in  the  Bad  Lands. 

Ceocodiltjs  stJLCiFEEXJS,  Cope. 

Proaeedings  American  Philosophical  Society,  1872,  p.  555,  (October  12.) 

A  medium-sized  species  with   cranium  deeply  and  roughly  pitted. 
The  chief  character  is  at  present  visible  in  the  teeth.    The  larger  of 
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these  are  of  sabcylindric  and  short  conic  crown,  which  is  superficially 
grooved  from  basis  to  near  apex ;  sulci  coarse,  open. 
Upper  Green  River. 

Grocodilus  grinnellii,  Marsh. 

American  Journal  Sci.  Arts,  1871,  June. 

Cranium  from  South  Bitter  Greek. 

Grocodilus  liodon,  Marsh. 

Loc,  dt 

From  various  localities. 

DIPLOCYNODUS,  Pomel. 

DlPLOCYNODUS    BUBULATUS,  Cope. 

Crocodilus  (Ichtht/asuehus)  aubulaim.  Cope.    Proceedings  American  Pbilosophical  So- 
ciety, 1872,  p.  554,  (October  12.) 

Some  of  the  cervical  vertebrte  without  hypopophyses.  Their  cups 
round,  with  smooth  bordering  surface  of  the  sides  of  the  centrum. 
The  jaws  only  are  preserved  from  the  cranium;  the  premaxillary  is 
strongly  pitted,  but  the  dcntary  has  remote  shallow  pits  on  the  outer 
face  and  shallow  grooves  below.  Dentition  something  like  that  of 
Diplocynodus  ratellii  from  France.  There  are  two  very  long  canine-like 
teeth  in  the  premaxillary  bone  near  its  posterior  margin,  directed  some- 
what backward  ;  these  are  preceded  after  a  space  by  a  medium  sized 
tooth,  which  after  a  similar  space  is  preceded  by  another  large  tooth. 
Anterior  to  this  the  alveoli  are  lost.  Two  very  smooth  compressed 
straight  teeth  in  the  front  of  the  ramus  mandibuli.  These  are  followed 
abruptly  by  a  distantly  set  series  of  subequal  teeth  of  not  one-fourth 
the  size,  varying  little  to  the  back  of  the  jaw;  all  the  long  teeth  have 
snbcompresaed  crowns  with  opposed  cutting  edges,  and  are  smooth 
except  at  their  bases.  These  are  distantly  sulcate,  the  separating 
ridges  being  acute.  The  smaller  teeth  are  cones  with  cutting  edges. 
TherB  are  fourteen  alveoli  and  one  pit  in  the  dentary  bone  from  the  pos- 
terior end  to  the  beginning  of  the  short  symphysis. 

Measurements, 

M. 

Length  of  alveolar  series  to  beginning  of  symphysis 0. 130 

Diameter  alveolus  of  seventh  tooth 008 

Elevation  eighth  tooth 017 

Diameter  at  base 0065 

Depth  of  dentary  at  base 025 

Elevation  of  first  lower  canine 018 

Length  crown  of  second  upper  canine 017 

Diameter  crown  at  base 007 

Length  third  cervical,  (with  ball) 037 

Diameter  of  cup,  vertical 016 

Diameter  of  cup,  transverse 018 

Length  of  a  posterior  dorsal 041 

Diameter  of  cup,  transverse 026 

Diameter  of  cup,  vertical 022 

Found  on  the  bluffs  of  Upper  Oreen  Biver. 

This  species  agrees  in  some  respects  with  the  very  brief  description 
given  by  Marsh  for  his  Crocodilus  liodon.  He  does  not  mention  the 
flatiDg  of  the  base  of  the  crown  so  remarkable  in  this  species ;  and 
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states   the  vertebrae  to  be  "strongly  ragose"  near  the  extremity,  a 
character  Dot  seen  in  the  present  animal. 

The  IHplocynodus  suhulatm  was  aboat  as  large  as  the  Mississippi 
alligator. 

DiPLOCYWODUS  POLYODON,  Cope. 

Species  nova. 

Represented  by  portions  of  craninm  and  teeth,  with  probably  some 
vertebrsB  found  close  to  them.  This  crocodile  is  similar  in  size  to  the 
I),  suhulatus,  or  our  alligator.  It  differs  much  from  the  last  in  the  ar- 
rangement of  the  teeth.  There  is  one  preeminently  large  canine  oppa 
site  the  symphysis,  (in  />.  subulattis  this  tooth  is  opposite  the  posterior 
end  of  the  same,)  which  is  followed  by  nine  very  small  teeth,  whose 
round  alveoli  are  only  separated  by  very  thin  walls.  Following  the  last 
uf  these  immediately  is  another  very  large  tooth,  with  nearly  round 
alveolus,  which  is  closely  succeeded  by  other  ismaller  teeth  of  larger 
size  than  those  in  front  of  it,  and  not  differing  in  this  respect  among 
tbemselves.  The  crowns  of  the  teeth  are  cylindric  at  base,  and  have 
a  double  ridge  on  the  anterior  outer  aspect.  The  enamel  is  obsoletely 
rugose,  striate  at  the  base.  The  external  surface  of  the  dentary  bone  is 
ileeply  and  coarsely  pitted ;  at  its  anterior  part  the  pits  are  close,  6ee\x, 
and  small;  on  the  interior  face  they  are  deep,  short  grooves.  There  is 
a  series  of  close,  small  ioramina  along  the  inner  side  of  the  alveolse. 

Measurements. 

M. 

Depth  of  symphysis - 0. 014 

Diameter  "  auterior  canine  tooth" .* 0(>? 

Distance  of  same  from  median  "canine" 030 

Depth  doutary  bone  at  latter 027 

Width  ramus  at  anterior  canine Qu 

This  species  differs  in  many  respects  from  the  one  last  described.  The 
teeth,  anteriorly,  are  much  more  closely  placed,  and  the  anterior  and 
middle  canines  are  less  separated,  and  more  numerous  small  teeth  occupy 
the  interval.  The  splenial  bone  has  a  larger  share  in  the  symphysis,  and 
the  sculpture  is  much  more  profound.    The  teeth  are  not  liuted. 

The  type  specimen  was  found  on  the  bluffs  of  Upper  Green  River  by 
the  writer. 

ALLIGATOR,  Cuv. 

T)ie  species  described  below  belongs  to  this  genus,  so  far  as  determin- 
able from  characters  of  the  cranium  and  dermal  scuta. 

Tlie  axial  portion  of  the  basi-occipital  bone  is  a  transverse  vertical 
plate  with  vertical  carina  on  the  distal  half.  The  frontiU  bone  exhibits 
no  crests,  and  the  crotaphite  foramina  are  open.  The  quadratojugal 
arch  is  stout.  The  dermal  scuta  are  not  co-ossiiied,  and  with  the  cranium 
are  deeply  pitted. 

Alligatoe  heterodon,  Oope. 

Proceedings  American  Philosophical  Society,  1872^  p.  544. 

The  anterior  and  posterior  teeth  of  this  species  differ  exceedingly  in 
shape;  the  former  are  flattened,  sharp-edged,  and  slightly  inenrred; 
the  edges  not  serrate.    Those  of  the  premaxillary  t>one  are  sabequal  in 


GEOLOGICAL  SURVEY  OF  THE  TERRITORIES.       615 

Size,  while  one  behiod  the  middle  of  the  maxillary  i8  larger  than  the  rest. 
The  posterior  teeth  have  short,  very  obtuse  crowns,  with  elliptic  fore  aud 
aft  outline.  They  resemble  some  ibrms  seen  ia  Pycuodont  fishes,  and 
are  closely  striate  to  a  line  on  the  apex.  The  upper  surface  of  the  cra- 
nium is  pitted,  the  froutal  and  parietal  bones  with  large,  deep,  aud 
,closel\'  placed  concavities.  The  former  is  perfectly  plane,  and  the  latter 
is  wide.  The  squamosal  arch  is  also  wide,  aud  the  crotophite  foramiua 
are  large  and  opeu. 

The  dermal  scuta  are  very  large  for  the  size  of  the  animal,  and  were 
not  united  by  suture.  They  are  keelless  and  deeply  pitted,  with  smooth 
luurgins. 

The  vertebral  centra  found  with  other  specimens  are  round.  The 
co-ossified  neural  arches  indicate  the  adult  age  of  the  animal. 

Measurements, 

M. 

Height  crowD  premaxillary  tooth 004 

Width  crown  premaxillary  at  base 0035 

Long  diameter  crown  of  a  maxillary 005 

Short  diameter  crown  of  a  maxillary 00.')5 

Width  parietal 009 

Width  frontal,  posterior 0-20 

Width  frontal,  interorbital 010 

Width  malar  below  eye 008 

The  variation  in  the  form  of  the  teeth  is  a  slight  exaggeration  of  that 
seeu  in  the  dentition  of  various  species  of  crocodilians. 

This  species  was  about  three  feet  in  length,  found  by  the  writer  in 
one  of  the  lowest  beds  of  the  Green  River  Tertiary  epoch,  near  Black 
Buttes,  Wyoming. 

The  dermal  scuta  of  this  species  are  very  abundant  in  some  of  the 
beds  of  the  Green  River  epoch.  Some  of  them  exhibit  a  faint  trace  of 
keel.  YertebrsB  associated  with  them  have  subround  articular  ex- 
tremities. 

TESTUDINATA. 
AXESTUS,  Cope. 

Proceed.  Amer.  Pbilos.  Society.  1872,  p.  462.     (Published  July  29.) 

This  is  a  genus  of  Trionychldse,  which  is  represented  by  a  species  not 
fully  known.  The  type  specimen  is  represented  by  bones  of  the  limbs 
aud  various  vertebrce,  with  the  postabilominal  bone  of  the  left  side. 

The  general  characters  are  those  of  Trionyx,  The  scapula  is  elongate, 
the  procoracoid  long  and  narrow,  and  the  coracoid  of  medium  width. 
The  humerus  is  sigmoid,  with  widely  spreading  bicipital  ridges  aud  flat- 
tened extremity  with  marginal  groove.  The  femur  is-also  curved,  but 
less  strongly  than  the  humerus,  and  has  a  median  anterior  low  angular 
ridge.  The  claws  are  large,  souie  curved  and  some  entirely  straight! 
Hie  cervical  vertebrse  are  relatively  large  and  elongate.  The  two  sacrals 
are  free  from  the  carapace  above,  have  broad  articular  surfaces  for 
(liapophyses,  and  flattened  centra.  The  caudals  are  proccBlian,  and  have 
short  diapophyses.  The  postabdomiual  bone  has  somewhat  the  form 
seen  in  existing  Trionyx.  It  presents  two  dentate  processes  forward 
for  the  byosternal,  and  two  inward  to  its  mate  in  front.  It  is  pro- 
loBged  backward  and  inward  into  a  flat  process.  It  is  especially  dis- 
tinguished by  its  tenuity,  and  the  entire  absence  of  the  superficial 
fiealpture  of  Trionyx.    The  usual  dense  layer  is  present,  but  is  quite 
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tbiu,  aud  exhibits  the  peculiar  decussating  pattern  of  lines  of  deposidon 
characteristic  of  tbe  same  layer  of  the  dermal  scuta  of  Crocodiliaiu. 
No  portions  were  obtained  which  can  with  certainty  be  referred  to  tbe 
carapace.  The  ilium  is  short,  stout,  and  recurved,  and  tbe  pubis  is 
largely  expanded. 

AxESTUS  BYSsmus,  Gopc. 

Loc  dt 

.The  procoracoid  and  scapula  are  of  equal  lengths,  and  the  coracoidis 
much  dilated  distally. 

The  portions  of  the  plastron  preserved  are  thin  for  the  size  of  tbe 
animal,  and  all  the  bones  are  dense  aud  smooth.  The  postabdominal  has 
the  free  margins  acute  aud  senulate.  There  is  an  external  geutly  cou- 
vex  edge,  with  a  long  process  extending  backward,  and  one  long,  nar- 
row one  inward.  The  enamel  is  white,  and  is  marked  with  decussating 
lines  of  osseous  deposit,  as  in  woven  linen.  This  is  not  the  result  o( 
weaving.  Tbe  cervical  vertebra  is  without  spine ;  it  is  not  pressed  in 
the  middle,  and  is  without  any  pneumatic  foramen. 

Measurements. 

LeDgth  cervical  vertebra 0.0n8 

Diameter  at  middle 0^0 

Diameter  at  eod OC'i 

Diameter  caudal  end  at  baU Oiu 

Length OIJ 

Length  of  an  ungnal  pbalanffe 013 

Proximal  depth  ungnal  phalange 013 

Length  postabdominal,  (broken) ItV 

Width  postabdominal 12U 

Locality  of  the  last. 

TRIONYX,  Geoflfr. 

TRIONYX   HETEROGLYPTUS,  Cope,  Sp.  UOV. 

Oarapace  broad,  flat,  concavely  truncate  behind.  Free  portion  of 
costal  bones  short.  Tbe  last  pair  of  costal  bones  are  in  contact  by  a  com- 
mon suture  by  about  two-thirds  their  width,  the  anterior  portion  beinp 
separated  by  the  last  vertebral  bone.  There  is  a  great  differeooe  be- 
tween the  sculpture  of  the  middle  of  tbe  carapace  and  its  lateral  por- 
tions. The  former  region  is  coarsely  ribbed  longitudinally^  the  inter- 
vening grooves  being  mostly  uuinterrupted.  On  the  middle  portions 
of  the  costals  the  ridges  are  more  or  less  broken  up,  and  distally  they 
are  very  delicate,  forming  an  inosculating  pattern,  inclosing  small  pitn. 
On  the  lastcostid  they  retain  their  ridge-like  character.  The  posterior 
vertebrals  are  marked  by  a  single  groove  down  their  middle. 

Measurements* 

n. 

Width  of  oarapace  at  antepenultimate  costal  booe 0.£t$ 

Li^ngth  from  front  of  oarapace  backward.... 095 

Width  of  carapace,  costal,  distaUy Old 

Length  of  last  two  vert«brahi 037 

Excavated  from  the  Bridger  bed,  on  the  sammit  of  Charob  Bntte^  by 
the  writer. 
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Tbionyx  conoenteicus,  Coi>e. 

Anoeeedings  of  the  American  Philosophical  8ociet>',  1872,  p.  469 ;  published  July  29. 

This  species  reposes  on  various  fragmente,  in  one  case  representing 
DQmeroas  portions  of  a  carapace.  The  sculpture  is  intermediate  bet  ween 
those  of  T,  heteroglyptus  and  T.  guttatus.  The  costals  have  subeqnal 
and  subround  pits  throughout  the  entire  length  of  the  costal  bones,  but 
their  interspaces  are  raised  into  longitudinal  ribs  at  intervals  of  from 
cue  to  three  rows  of  pit^s.  These  ribs  are  equally  developed  at  both 
ends  of  the  costals. 

ifedsureynents. 

Width  of  a  costal  bone  near  the  middle 0. 020 

Thickness  of  costal  bone  near  the  middle 003 

The  type  specimen  is  smaller  than  that  of  the  last. 
From  Cottonwood  Creek. 

Trionyx  guttatus,  Leidy. 

Geological  Survey  of  Montana,  1871,  p.  370. 

Not  uncommon. 

Trionyx  soutumantiquum,  Cope,  spec.  nov.    . 

Established  on  a  nearly  perfect  carapace  and  part  of  the  plastrum 
from  the  Bad  Lands  of  Cottonwood  Creek.  These  indicate  the  largest 
species  of  the  genus  yet  found  in  North  America. 

The  carapace  is  a  longitudinal  oval,  broadly  rounded  in  front.  The 
median  line  forms  a  marked  depression,  and  the  costal  bones  rise  and 
descend  again,  forming  an  areh  on  each  side.  The  free  portion  of  the 
ribs  is  not  very  long.  The  sculpture  consists  of  numerous  honeycomb- 
like pits  separated  by  rather  narrow  ridges.  On  the  middle  parts  of  the 
carapace  these  are  subequal,  but  on  the  middle  of  the  length  all  the 
ridges  run  together  longitudinally,  and  on  their  distal  parts  these  are 
broken  up  so  as  to  produce  innumerable  irregular  tubercles  and  pits. 
The  bones  of  the  intercostal  sutures  are  smooth.  Eight  costal  bones, 
the  anterior  co-osified  with  the  second  by  its  entire  width,  and  sending 
oat  a  broad  costal  extremity  which  curves  backward ;  its  anterior  mar- 
gin is  smooth.  Eight  vertebrals,  the  last  separating  the  anterior  por- 
tions of  the  last  costals. 

Measurements. 

M. 

Length  carapace • 0. 4i5 

Greatest  width  carapace,  axial 410 

Thickneeeof  fifth  costal 0075 

Thickness  of  fourth  vertebra OM 

ThieknesBofeentram  of  fourth  vertebra 010 

PLASTOMBNUS,  Cope. 

Allied  to  Trionyx.  No  (f )  marginal  bones  of  the  carapace  except  a 
nuchal;  extremities  of  ribs  little,  or  not  projecting  beyond  costal  bones. 
Plastron  nnited  with  carapace  by  one  or  two  tooth-like  processes  of  the 
bvosternai  and  hyposternal  bones.    An  anterior  production  of  the  fayos- 
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ternal  inclosiDg  a  median  fontanelle  and  uniting  by  broad  suture  with 
a  clavicle,  (episternal.) 

This  genus  is  bighly  interesting  as  connecting  more  or  less  nearly  tbe 
genus  Trionyx  with  the  Chelydrine  form  Anostira.  It  is  represeuied  by 
several  species  in  the  Bridger  Eocene,  all  of  which  have  the  sculptui^  of 
both  of  the  genera  named.  The  plastron  is  ossified  nearly  as  in  ^iio»- 
tira^  but  in  the  numerous  specimens  obtained  there  was  not  one  mar- 
ginal bone.  Nevertheless  the  strong  emargination  of  the  proximal  end 
of  the  second  costals  proves  the  presence  of  a  nuchal  marginal,  which 
does  not  exist  in  Trionyx  ;  if  there  were  other  marginals  they  must  lia^"e 
been  small,  and  inclosed  in  a  cartilaginous  margin.  The  first  costals 
were  much  shorter  than  the  second  and  much  as  in  Trionyx,  A  costal 
process  of  the  lirst  dorsal  extended  backward  and  was  attached  by 
suture  to  the  second  costal  bone  just  in  front  of  its  capitulum  as  in 
Trionyx^  Chelydra.  &c.  A  singular  sternal  bone  accompanies  the  speci- 
mens of  P.  tliomasii  and  P.  irionychoides^  but  partially  fractured  in 
both  cases  so  as  to  leave  its  position  uncertain,  it  can  be  nothing  else 
than  the  median  portion  of  a  hyosternal  with  the  outer  extremity 
wanting.  It  bounds  a  fontanelle  interiorly,  which  nearly  reaches  tbe 
hyposternal ;  anteriorly  it  has  sutures  for  both  mososternum  and  clavi- 
cle. It  is  entirely  unlike  anything  in  Trionyx  ;  it  is  thickened  toward 
the  median  line,  and  strongly  sculptured  externally.  The  hyosternal  or 
hyposternal  of  the  "  bridge  "  indicsites  that  portion  to  have  been  long,  and 
about  as  wide  as  is  usual  in  Trionyx.  Its  free  edge  is  thin ;  the  sutnral 
union  with  the  other  component  bone  complete. 

The  type  of  the  genus  is  P.  thomasii^  (Trionyx  thoma^iij  Cope.)  Other 
species  have  been  referred  by  me  to  Anostira.  The  largest  species 
{P.  multifoveatm)  was  about  as  large  as  the  snapper;  the  smallest  (P. 
molopinm)  as  large  as  Chrysemys  picta. 

m 

Plastomenus  THOMAsn,  Cope. 

Trionyx  ikoTiumif  Cope.    Proceed.  Amer.  Phil.  Soc.  1872;  46*2.    (Pubh'shed  July  29.) 

Eepreseuted  by  various  parts  of  three  individuals,  a  sufficient  nam- 
ber  of  identical  pieces  being  present  in  all  to  insure  their  specific  unity. 

The  bones  of  both  carapace  and  plastron  have  a  honeycomb  pattern 
of  reticulation,  with  shallow  pits,  which  on  weathering  become  pnnct». 
The  intervening  ribs  tend  to  connect  into  ridges. running  diagonally 
across  the  costal  bones.  The  pits  tend  to  form  linear  series  parallel  to 
the  borders  on  some  of  the  bones  of  the  plastron.  The  latter  are  flat 
at  the  transverse  sutui^.  The  last  costal  is  very  wide  and  in  contact 
with  its  fellow  on  the  median  line,  as  in  other  species  of  the  genu8, 
except  a  sutnral  emargination  behind,  apparently  for  a  pygal  bone. 
The  outer  border  is  straight,  truncating  the  last  rib  extremity. 

Measurements. 

V. 

Thickness  of  a  costal ^ .(MM 

Width  last  costal  distally 048 

Width  hyosternal 016 

TbicknesB  hyosternal , : 005 

Length  of  a  vertebral .018 

Width  of  a  vertebral .014 

Two  of  the  specimens  from  the  Bad  Lands  of  Cottonwood  Creek,  Wy- 
oming.   Named  for  Dr.  Jos.  Thomas,  of  Philadelphia^  my  former  tutor. 
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Plastomenus  trionychoides,  Copa 

inosiira  trionychoides,  Cope.    Proceed.  Amer.  Philos.  Society,  1872,  p.  461.    (Published 

July  29.) 

Tbe  original  specimen  of  the  species  was  foiiDd  miugled  with  one  of 
Anostira  ornatay  aiid  being  of  about  tbe  same  size  tbe  two  were  supposed 
to  pertain  to,a  single  species.  I  now  distingaisb  tbe  fragments  clearly, 
and  fiud  poitions  oMbree  otber  individuals  from  other  localities  to  per- 
tain to  the  same.  One  of  these  presents  tbe  two  sternal  elements  de- 
scribed in  the  preceding  account  of  P.  Thomasii, 

Tbe  sculpture  of  tbe  costal  bones  consists  of  reticulated  ridges  which 
inclose  coarser  pits  than  in  tbe  last  species,  and  show  no  tendency  to 
run  into  ribs  extending  obliquely  across  tbe  bones.  Tbe  second  costal 
exhibits  a  greatly  leveled  suture  for  tbe  £ir8t,and  its  alar  portion  behind 
its  costal  rib  is  twice  as  wide  as  tbe  latter.  The  last  costal  diifers  from 
that  of  P.  Thomasii  in  being  angulate  instead  of  truncate  at  the  rib  ex- 
tremity, and  tbe  latter  projects  strongly  beyond  the  angle.  In  tbe  second 
H|iecimeD  tbe  sternal  bones  are  much  more  convex  than  m  P.  Tlwmami 
and  more  thickened  inwardly.  Those  of  the  specimens  from  the  Bad 
Lauds  of  Cottonwood  Oreek. 

Plastomenus  multifoveatus,  Cope,  spec.  nov. 

Represented  by  the  costal  bone  of  a  specimen  of  much  larger  size  than 
the  preceding  and  followingspecies.  Its  sculptureisashallow  but  sharply 
impressed  honeycomb  pitting,  smaller  than  iu  the  preceding  species. 
Thus  there  are  seventeen  or  eighteen  pits  across  the  middle  to  seven  or 
eight  in  P.  trumychmdei.    No  ribs  whatever. 

Measurements* 

Width  costal  at  middle..- , 0240 

Width  ci>8tal  at  eud '. 03^0 

Thickness  at  middle 0035 

« 

Plastomenus  cedemius,  Cope. 

Anosiira  CBdemia,  Cope.    Proceed.  Amer.  Philos.  Soc.,  1872,  p.  461,  (July  29.) 

Represented  by  most  of  the  important  parts  of  three  specimens.  These 
all  display  the  last  and  middle  costals,  and  two  of  them  tbe  second  cos- 
tals.    Sternal  bones  are  wanting,  except,  perhaps,  in  one. 

From  these  it  appears  that  the  anterior  costals  have  a  distantly  punc- 
tate sculpture,  with  rib-like  swellings  running  diagonally  across  them. 
On  the  middle  costals  the  punct^  disapiiear  and  the  ribs  grow  thicker; 
QU  the  last  costals  tbe  ribs  are  broken  into  a  number  of  suKxitb  tuber- 
cular swellings  whose  axes  are  nearly  at  right  angles  to  that  of  the 
carapace.  The  second  costal  has  its  i>osterior  alar  ]H>rtion  twice  as 
wide  as  the  rib  portion ;  its  suture  with  the  first  costal  is  very  oblique 
uad  bounded  behind  by  a  rabbet  edge.  Tbe  lust  costals  are  peculiar  iu 
their  union  throughout  their  entire  length  without  emarginatiou  for 
pygal,  ami  in  the  gently  convex  posterior  outline,  with  projecting  riU 
tnd,  differing  in  these  resiiects  markedly  from  P.  ThomoHti  and  P.  tri' 
onychoides. 

Measurements, 

M. 

No.  1.  Leogthlast  costal,  common  sotnre « 0.015 

Leop^th  last  costal,  anterior Of^ 

LeD^h  last  costal,  exterior  border (Kfl 

Width  middle  costal iM 

Thickness  middle  costal ifi)4 
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V. 

No.  2.  Width  first  costal,  proximally 1^6 

Width  first  costal  behind  rib,  distally 014 

No.  3.  Width  middle  costal OKI 

Two  of  the  specimens  from  Cottonwood  Creek, 

Plastomenus  molopinus,  Cope. 

Proceed.  Amer.  Philos.  Soc,  1872,  p.  461,  (July  29,)  Anostira. 

i  First  costal  bone  with  wide  rib,  the  aliform  border  behind  it  not  more 
than  half  its  width.  Suture  for  first  costal  distal,  obliquely  truncating 
end  of  rib,  vertical  and  not  oblique.  External  surface  of  the  samt* 
coarsely  pitted,  and  with  obscure  oblique  ribs.  Median  costals  with 
approximated  thick  cross-ribs,  with  obsolete  pnnctations  between. 

This  species  is  near  the  P.  oedetnius,  but  diflfers  considerably  in  the 
form  of  the  first  costal  bone.  The  type  is  smaller  than  those  of  the 
latter. 

Measurements. 

Width  first  costal  at  extremity » Ol5iO 

Width  first  costal,  .75  iDch  from  end OJIO 

Width  ofa  middle  costal 0140 

Thickness  of  a  middle  costal 0U5S 

From  the  Bridger  group,  Wyoming. 

ANOSTIRA,  Leidy. 
Proceedings  Academy  Nat.  Sci.,  1871,  p.  10& 

In  this  genus  the  epidermis  was  thin  and  adherent  to  the  bones  and 
not  divided  into  scuta.  The  carapace  is  composed  as  in  Umydidce  of 
costal  vertebral  and  marginal  bones,  the  last  united  to  the  first  by  sutaii^ 
and  gomphosis.  The  series  of  vertebrals  does  not  continue  to  the  ctaii- 
dal,  except  by  the  intervention  of  a  pygal.  The  sternum  is  cruciform, 
with  narrow,  longitudinal  prolongations,  or  lobes,  and  narrow  bridges. 
It  appears  not  to  have  possessed  any  fontanelles,  but  the  presence  of 
mesosternum  is  not  yet  fully  made  out.  The  cranium  and  limbs  are 
unknown.  This  genus  must  be  regarded  as  an  interesting  intennediate 
type,  connecting  Plastomenus  and  ChelydrUy  or  Dermatemys,  In  skiu 
and  sculpture  it  is  identical  with  the  first;  in  carapace  and  plastron, 
most  like  (Jhelydra. 

Two  species,  a  large  and  a  small,  are  known. 

ANOSTIBA  BADULINA,  Cope. 
Proceed.  Amer.  Philos.  Society,  1872,  p.  555,  (published  October  12.) 

Based  on  two  marginal  bones,  one  from  the  front,  the  other  from  the 
rear,  of  the  carapace  of  an  animal  of  twice  the  bulk  of  the  largest  Am^- 
tire  yet  found.  Apart  from  size,  the  sculpture  is  peculiar^  It  consis$(8 
in  the  anterior  of  closely  packed  vermicular  ridfi:e8  which  run  oat  flat 
on  the  posterior  and  upper  edge.  In  the  posterior  it  consists  of  only 
closely  placed  minute  tubercles  over  the  whole  surface. 

Measurements. 

Length  front  on  free  edge 0.(125 

Width  front  on  free  edge * ftii* 

Length  posterior  on  free  edge Oi^ 

Width  posterior  on  free  edge ^ 

Bad  Lands  of  Ham's  Fork,  Wyoming. 
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Anostiba  obnata,  Leidy. 

Log,  cit 

From  Bad  Lands  of  Upper  Green  River  and  Cottonwood  Creek. 

BABNA,  Leidy. 

Geological  Survey,  Wyoming,  1870,  p.  367 ;  Survey,  Montana,  1671,  p.  368.    Chiatemum, 

Leidy.    Proceed.  Academy  Nat.  Sciences,  1872,  p.  162. 

Family  Baenidce  agreeing  with  the  Adoddc^  in  the  presence  of  inter- 
galar  scuta,  and  the  absence  of  coossification  of  the  ischiam  and  pubis 
with  the  plastron^  but  differing  in  the  presence  of  an  interstemal  bone 
OQ  each  side,  as  in  the  Pleurodira.  As  generic  characters,  it  possesses 
two  marginal  iutergular  plates,  which  resemble  the  gulars  of  Umydidoe  ; 
it  has  a  series  of  intermargiual  scuta,  and  the  free  lobes  of  the  sternum 
are  narrowed  and  shortened ;  the  bridge  is  very  wide.  The  dermal 
scata  are  everywhere  distinct.  The  mesosternal  bone  is  in  form  between 
T  shaped  and  sagittate.  The  last  pair  of  marginals,  instead  of  being  in 
contact,  are  separated  by  a  wide  emargination. 

The  affinities  of  this  genus  are  complex  and  interesting.  It  would 
be  a  pleurodire,  but  for  the  fact  that  the  pelvis  is  not  coossitied  with  the 
plastron ;  nevertheless  there  are  rudiments  of  this  union  in  the  form  of 
a  shallow  pit  on  each.  The  posterior  or  f  ischiadic  is  near  the  posterior 
eud,  and  on  the  lateral  margin  of  the  postabdominal  bone ;  it  is  of  a 
narrow  oval  form.  The  anterior  is  shallow,  and  sublaterally  impressed 
into  the  side  of  the  upright  septum,  which  supports  the  carapace. 
Whether  it  received  the  pubis  or  not  is  uncertain. 

The  double  intergular  scuta  is  not  found  in  any  existing  genus  of 
Pleurodira. 

The  posterior  margin  of  the  carapace  is  excavated,  as  in  Clielydraj 
but  the  margin  is  more  arched  in  this  position  in  Chisternum.  The 
form  suggests  the  presence  of  a  large  tail,  and  the  serrate  margin  of 
the  carapace  posteriorly  reminds  one  again  of  Chelydra,  There  are  in 
£.  arenosa  fourtieen  marginal  scuta,  without  the  nuchal;  in  Clielydni 
serpentina^  as  in  Emydidw^  but  thirteen. 

There  are  prominent  axillary  and  inguinal  septa,  as  in  some  Emydidce. 
They  are  composed  of  the  produced  edges  of  two  coossified  costal 
bones. 

The  affinities  appear  to  be  to  Adocus  on  the  one  side,  and  Hydraspididw 
on  the  other,  perhaps  as  descendant  of  the  former  and  ancestor  of  the 
latter.  It  also  possesses  traces  of  other  relationships  of  Adocxia^  L  e.,  to 
IkrmatemySj  and  more  remotely  to  CJielydra, 

Ba£na  hebbaioa,  Cope. 

BaSna  kehmica.    Proceed.  Amer.  FhiloB.  Society,  1872,  p.  463,  (published  July  29.) 

General  form  depressed  and  discoid,  as  wide  as  long.  Bridge  wider 
than  long,  but  the  length  equal  to  the  width  of  the  bases  of  the  sternal 
lobes.  Anterior  lobe  longer  than  wide  at  the  base,  and  narrowed  at  the 
extremity.  The  inguinal  and  axillary  septa  are  very  prominent.  The 
edge  of  the  carapace  from  the  front  to  the  inguinal  region  is  without 
emargination.    All  the  osseous  elements  are  coossified. 

The  scuta  are  well  distinguished.  The  unchal  is  very  small  and  wider 
than  long;  the  first  marginal  is  shorter  but  more  prominent.  The  second 
and  third  are  larger  but  narrow ;  the  fourth  and  fifth  are  wider,  but  the 

*  Proceed.  Amer.  Philos.  Soc,  1870,  p.  547. 
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sixth  widens  by  an  inward  projection  of  its  border  so  as  to  meet  the  in- 
tercostal suture  between  the  second  and  third  costal  scuta.  From  this 
one  to  the  ninth  (as  far  as  preserved)  the  inner  margins  are  produced  8o 
far  as  to  make  the  scuta  nearly  twice  as  wide  as  long,  when  Yielded 
from  above.  The  first  costal  is  small,  its  posterior  border  is  curved. 
The  first  vertebral  is  pyriform,  truncate  in  front.  It  is  (perhaps  abnor- 
mally)  divided  by  a  transverse  suture  into  a  quadrate  anterior  ami 
cordate  transverse  posterior  portion.  The  other  vertebrals  are  somewhat 
longer  than  broad  and  are  separated  by  sutures  convex  anteriorly. 

The  intermarginal  scuta  are  all  wider  than  long;  their  number  is  nor- 
mally four,  but  a  narrow  one  is  intercalated  behind  the  inguinal  on  one 
side.  The  longitudinal  suture  of  the  acutes  of  the  plastron  is  exceed- 
ingly tortuous,  winding  between  points  more  than  an  inch  apart.  The 
gulars  and  intergulars  are  transverse  andbounded  by  transverse  sutures. 
They  cross  the  median  suture  (which  is  straight  on  the  anterior  lobe) 
some  distance  apart.  The  humerals  are  long  and  the  humeropectoral 
scutal  suture  is  convex  backward,  its  extremities  reaching  the  margin 
in  front  of  the  axillae.  The  anterior  extremity  of  the  anterior  sternal 
lobe  has  a  quadrilobate  outline. 

The  surface  is  smooth  except  along  the  lines  of  intercostal  sutures, 
where  short  grooves  parallel  to  the  general  axis  alternate  with  protu- 
berances having  the  same  direction,  the  whole  having  somewhat  the  ap- 
pearance of  sculptured  characters. 

Measurements. 

K. 

Length  carapace  (axial)  (19  inches) 0.50D 

Width  carapace  (axial)  (19  iuches) 500 

Lonf^th  of  plastron  from.  CToin ;i95 

Width  of  base  anterior  lobe 155 

Width  extremity  anterior  lobe  (at  friars) OtiO 

Length  of  anterior  lobe  (at  gulars) V-^ 

Width  of  uuchal  scute Oil 

Length  unchal  scute 024 

Length  third  marginal , 1 038 

Width  third  marginal QVy 

Width  eighth  marginal 090 

Length  eighth  marginal 063 

This  Bpecies,  when  compared  with  its  nearest  ally,  0.  undatum^  differs 
in  the  greatly  wider  marginal  scuta ;  in  the  latter  the  corresponding  ones 
(6.7.3.O)  are  much  longer  than  wide,  as  in  most  other  tortoises.  The 
intermarginal  scuta  are  of  more  elongate  forms,  and  the  normal  number 
is  five  in  B,  undata,  instead  of  four.  The  sculpture  in  the  longer-known 
species  is  entirely  distinct,  consisting  of  pits  and  tubercles  scattered 
generally  over  the  surface,  while  tbe  peculiar  sculpture  of  the  suture 
lines  is  wanting.   C,  hebraicum  is  relatively  wider. 

Bad  Lands  of  Cottonwood  Greek. 

Baena  tjndata,  Leidy. 

Geological  Survey,  Montana,  1871,  p.  3G9.. 

A  partially  complete  specimen  of  this  species  presents  the  following 
characters.  The  anterior  lobe  of  the  plastron  is  as  wide  a«  that  ofR 
hebraicaj  but  little  more  than  half  as  long.  The  posterior  lobe  is  tmn- 
cate  at  the  extremity.  The  nuchal  scute  projects  beyond  the  first  mar- 
ginal;  the  reverse  is  the  case  in  the  type  of  B.  hebraica.  The  posterior 
sutures  of  the  intergular  and  gular  scuta  have  a  common  center,  and 
that  of  the  gular  has  a  rectangular  curvature^  the  nearly  trausveise 
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middle  portion  slightly  convex  forward.    The  suture  separating  the 
femoral  and  anal  scuta  is  similar,  but  reversed  in  direction,  presenting 
two  obtase  right  angles,  two  portions  being  transverse  and  one  longi- 
tudinal ou  each  side. 
From  Black's  Fork  and  other  localities. 

Ba£na  arenosa,  Leidy. 

Loc,  ciU   BaMna  affinis,  Leidy,  ibid, 

A  i)erfeet  specimen  of  smaller  size  than  those  of  the  preceding  species, 
and  one  about  equal  to  the  Fiychemya  rugosa^  is  not  dissimilar  in  form. 

The  carapace  is  strongly  convex,  and  all  its  component  parts,  as  well 
as  those  of  the  plastron,  are  co-ossified.  The  sutures  of  the  intersternal 
bones  are  visible.  The  posterior  end  of  the  carapace  is  arched  upward, 
»nd  smoothly  excavated;  the  postero-lateral  borders  are  thin,  and 
deeply  notched  ad  the  ends  of  the  scutal  sutures.  Similar  but  shal- 
lower emarginations  mark  the  borders  of  the  marginal  scuta.  The 
anterior  margin  is  slightly  concave.  The  lobes  of  the  plastron  are 
narrow,  the  posterior  wider  and  slightly  emarginate.  The  bridge  is 
wide,  and  not  more  than  half  as  long  as  the  width  of  the  ba«e  of  the 
lK)sterior  lobe. 

The  general  surface  is  minutely  rugose  or  shagreened,  on  the  plastron 
strongly  80,  and  without  other  sculpture.  The  carapace  is  marked  by 
.  strong  grooves  disposed  in  a  regular  nmnner.  A  double  groove  extends 
along  the  median  line  of  the  second,  third,  and  fourth  vertebral  scuta. 
Other  grooves  are  nearly  parallel  to  this  one,  whose  extremities  di- 
verge to  the  angles. of  the  vertebral  scuta.  At  the  anterior  angles  of 
tie  costal  scuia  oblique  grooves  converge  toward  the  vertebrals,  and 
are  continued  backward  as  parallel  to  the  median  line.  They  are  sepa- 
rated by  parallel  tuberositjes.  Ou  the  first  and  last  vertebral  scuta 
there  are  transverse  grooves  next  the  adjacent  vertebrals,  and  longi- 
tadinal  ones  toward  the  margins  of  the  carapace. 

The  scuta  are  well  marked.  The  marginals  are  all  longer  than  wide, 
except  the  four  preceding  the  last^  which  are  all  wider  than  long.  The 
la-st  is  suboval,  and  is  very  small,  while  the  anal  is  altogether  wanting. 
The  nuchal  is  divided,  (it  is  single  in  B.  hebraica^)  the  first  marginal  is 
very  small  and  projecting;  the  third  is  longer,  while  the  fourth,  fifth, 
and  sixth  are  rather  short.  The  vertebral  scuta  are  all  longer  than 
wide,  and  the  fourth  is  deeply  emarginate  to  receive  the  last  scute. 
The  first  is  a  broad  triangle  witli  anterior  angle  truncate,  and  the  two 
basal  ones  cut  oflF  to  a  less  degree. 

The  scutal  sutures  of  the  plastron  are  but  little  sinuous.  The  intergu- 
lars  have  precisely  the  form  of  gulars  of  Emydes.  The  |)08terior  gular 
suture  crosses  the  median  line  a  short  distance  posterior  to  those  of 
tbeintergulars,  and  each  half  consists  of  an  obtuse  Y  directed  backward. 
The  posterior  humeral  suture  originates  in  front  of  the  axilla.  There 
are  four  intermarginal  scuta  on  the  one  side  and  three  on  the  other, 
the  additional  one  being  a  small  one  behind  the  left  axillary.  The 
femoroanal  suture  is  nearly  straight. 

Measurements. 

M. 

^Qgth  of  carapace,  (axial) 0.450 

width  of  carapace,  (axial) : 240 

Length  of  plastron 290 

length  of  anterior  lobe 082 

JfJPKth  of  posterior 085 

Width  of  extremity  anterior  lobe -^ 038 
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M. 

Width  of  extreiiiity  posterior  lobe - OTJ 

Leu^th  of  nuchal  scuta --.     .<>30 

Leuj^th  of  third  mar^iuul 025 

Width  of  third  marginal W20 

Width  of  fourth  marginal ^M 

Length  of  fourth  marginal ^ 

Length  of  eighth  marginal .0^' 

Width  of  eighth  marginal OS 

This  species  differs  in  mauy  details  from  the  preceding  species,  nota- 
bly in  the  form  of  the  marginals.  The  anterior  are  wider  than  in  either 
species,  while  the  median  are  narrow  as  in  C.  undatunu  The  sculptare 
is  very  distinct  from  that  of  either. 

From  the  Bad  Lauds  of  Ham's  Fork,  Wyoming. 

Baena  ponderosa,  Cope,  sp.  nov. 

Established  on  numerous  fragments  of  a  specimen  of  a  species  which 
I  cannot  refer  to  this  genus  with  certainty,  but  which  agrees  with 
the  species  already  known  in  some  particulars  of  structure.  Thus  the 
last  marginal  plates  were  separated  by  an  excavation  of  the  ixisterior 
border;  at  least  this  is  the  only  position  to  which  I  can  refer  a  i>ortion 
of  the  margin  of  the  carapace  where  the  marginal  scutes  suddenly  cease; 
the  lateral  ribs  of  the  bridge  are  received  into  a  deep  pit  between  two 
costal  s. 

The  marginal  and  other  bones  are  very  massive,  much  more  so  than 
in  an^'  other  known  water- tortoise  of  this  formation.  The  margins  of 
the*  former  are  thickened,  especially  at  the  last  marginal  acute,  which 
is  on  a  massive  protuberance.  The  sutures  are  entirely  regular.  The 
lateral  marginal  scuta  are  about  as  long  as  broad.  The  surfaee  of  tfae 
shell  is  marked  with  irregular  impressions,. which  are  sometimes  hke 
rain-drop  pits.  A  posterior  vertebral  bone  possesses  a  median  rib  siiui* 
lar  to  that  in  Dermatemys  vyomingetuds,  . 

Measurements. 

Length  of  an  anterior  marginal  scate • 045 

Width  of  an  anterior  marginal  scute 039 

ThicknesB  of  bone  at  anterior  marginal  scute .02) 

Length  of  a  free  marginal  bone OoO 

Width  of  a  free  marginal  bone 057 

Length  of  first  marginal  of  bridge 060 

Thickneee  at  simple  end 033 

From  the  Bad  Lands  of  Ham's  Fork,  Wyoming. 

IiEBMATEMYS,  Gray. 

^  BaptemySf  Leidyj  loc.  dt. 

This  genus  is  similar  to  Emys  in  the  structure  of  the  carapace  and 
plastron,  except  that  the  lobes  of  the  latter  are  narrower  and  shorter. 
The  scuta  are  similar,  excepting  that  there  is  a  series  of  intermarginaU 
on  the  bridge  on  each  side.  There  are  thirteen  marginals  on  each  side, 
those  of  the  last  pair  in  contact  throughout.  In  a  specimen  of  the  only 
species  known,  I  hnd  a  trace  of  an  intergular  scute  as  is  sometimes  seen 
iu  D.  berardiij  now  living  in  Mexico.  , 

Dermatemys  wyomingensis,  Leidy. 

Loc.  cit. 

From  various  localities. 
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EMYS,  Brong. 
Section  JPalasothecay  Cope. 

Proceed.  Amer.  Philos.  Society,  1872,  p.  468 ;  Not<morpha,  1.  c,  1872,  p.  474. 

This  genus  is  composed  of  Emydidce  in  which  the  marginal  and  costal 
bones  are  united  by  sntnre  with  the  weak  gomphosis  of  many  of  the 
recent  forms  of  the  family.  The  plastron  is  united  by  sntural  attach- 
ment of  the  prolonged  borders  of  the  bridge  to  one  or  two  adjaceut 
costal  bones,  in  an  elongate  pit  of  greater  or  less  elevation.  This  eleva- 
tion may  be  so  produced  us  to  constitute  axillary  and  inguinal  septa  as 
in  the  recent  genus  Batagur.  In  many  of  the  species  the  anterior  or 
axillary  suture  is  on  a  single  costal,  the  posterior  on  the  produced  mar- 
gins of  two.  Several  of  the  species  are  of  small  size  and  with  strongly 
convex  carapace.  Some  of  these  might  be  suspected  to  be  young  of 
others  already  known,  but  for  the  fact  that  their  component  pieces  are 
generally  more  massive  and  their  sculpture  more  pronounced.  They 
resemble  in  several  superficial  respects  our  Gistudines. 

I  formerly  (Extinct  Batrachiaa,nd  Beptilia  N.  A.,  &c.)  described  a  genus 
Agomphns  of  the  Cretaceous  period  as  having  the  character  of  articula- 
tion of  the  marginal  bones  without  gomphosis ;  in  this  some  Eocene 
forms  agree  with  it.  Additional  specimens  of  A.  petrosusj  Cope,  the  type, 
show  that  it  possesses  a  series  of  intermarginal  scuta  as  in  Adocm  aud 
DtTfMLtemys. 

Some  of  the  species  (J^.  testudinea^  &c.)  I  originally  placed  in  a  sepa- 
rate genus,  Notomorphaj  on  the  supposition  that  they  were  pleurodire. 
The  costal  articulations  of  the  bridge  are  identical  in  form  with  those 
of  the  pubis  in  many  pleurodire  genera,  [Taphrosphys^  e.  g.j)  and  are  so  ob- 
liqae  as  to  be  similar  to  these  in  position  also  in  relation  to  the  lateral 
satures  when  the  flat  costal  is  not  complete.  The  species  appear  to  be- 
long to  the  present  genus. 

Most  of  the  smaller  species  were  found  in  strata  of  the  Green  River 
epoch,  near  Black  Butte  and  Evanston ;  the  larger  species  occur  in  the 
Bridger  beds  proper.    The  following  is  a  synopsis  of  the  species : 

I.  The  bridge  sutures  not  ot  moderately  elevated  on  a  single  costal  at 
one  extremity  of  the  carapace  only. 
a.  Dorsal  line  with  a  projecting  keel. 

JE.  polycyphus;  E,  terrestris;  E,  niegaulax;  E,  pachylomvs. 
aa.  Dorsal  line  not  keeled. 

fi.  Mesosternal  not  reached  by  gular  scuta. 

E.  testudinetis;  E.  euthnettis. 
pp.  Mesosternal  entire,  bearing  part  of  gular  scuta. 

E.  gravis  ;  E,  tcyomingensis  ;  E.  latilabiattis. 
IL  The  bridge  sutures  on  prominent  septa,,  which  are  composed  of  ad- 
jacent parts  of  adjacent  costal  bones. 

E.  septarius. 

Emys  septaeius,  Cope, 

Established  on  a  nearly  complete  specimen  of  the  size  of  Ptycliennys 
^^osa.  The  carapace  is  rather  thin  and  the  sutures  not  obliterated. 
Tbe  vertebrae  are  sessile  on  the  vertebral  bones.  The  form  is  quite 
convex.  The  plastron  is  flat  and  rather  stout.  The  mesosternum  is 
rhombic,  the  longer  angle  anterior  on  the  outer  side,  but  posterior  on 
tbe  inner  side.  Its  anterior  angle  is  embraced  by  the  gular  scuta. 
Tb©  anterior  lobe  of  the  plastron  is  contracted  near  the  axillae,  and  flared 
"^ith  a  thin  edge  in  front  of  itj  then  contracted  to  the  rather  jiarrow  lip 

40  G  s 
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of  the  middle  front.  The  posterior  lobe  is  somewhat  flared  and  has  a 
wide  beveled  marginf  aud  is  deeply  notched  behind,  the  notch  being 
close  and  the  lobes  projecting. 

The  surface  is  delicately  sculptured  with  obsolete  ridged  lines  across 
the  axis  of  the  costal  bones.  The  vertebral  region  is  somewhat  swoUea 
between  the  cross-sutures,  which  present  an  obtuse  angle  in  the  same 
direction,  both  before  and  behind.  The  scuta  are  longer  than  wide,  and 
have  bracket-shaped  outlines.  The  surface  has  the  obsolete  ridgea, 
which  diverge  in  every  direction  from  the  median  inlooking  angle  of 
one  end,  but  are  mostly  longitudinal. 

In  old  specimens  this  delicate  sculpture  might  become  obsolete. 

Measurements. 

Length  of  plastron 0.325 

Wiuth  of,  at  groin loO 

Width  lip 054 

Length  lip (SX 

Width  clavicular  bone  behind Oil 

Width  niesosterual  externally 066 

Length  mesosternal  externally 015 

Thickness  hyostemal  behind 015 

Length  of  vertebral  scntam 072 

Width  of  vertebral  scutum ,.     .066 

Width  of  a  costal  bone 039 

Thickness  of  a  costal  bone 006 

Found  in  the  Bad  Lands  of  South  Bitter  Creek  by  the  writer. 

Emys  latilabiatus,  Cope. 

Proceedings  Amer.  Fhilos.  Soc.,  1872,  p.  471. 

Bepresented  by  a  perfect  specimen  of  a  tortoise  of  a  broadly  oval 
form,  ^d  somewhat  terrestrial  habit.  Its  prominent  characters  are  to 
be  seen  in  the  plastron,  of  which  the  posterior  lobe  is  deeply  bifarcate. 
The  anterior  lobe  is  peculiar  in  the  unusual  width  of  the  lip-like  pro- 
jection of  the  clavicular  ("episteruaP)  bone,  which  is  twice  as  wide  as 
in  U.  vyomingensis^  and  not  prominent.  Bones  all  smooth  ;  marg^ins  of 
lobes  of  plastron  thickened. 

There  are  three  scars,  perhaps  of  muscular  insertions  near  the  poste- 
rior margin  of  the  plastron,  one  oval  one  opposite  to  each  lobe,  and  one 
round  one  opposite  to  the  notch. 

As  compared  with  E.  septarius  this  species  has  no  such  septa  nor 
sculpture;  the  emargination  of  the  plastron  is  more  open,  and  the  lip 
much  shorter  and  wider. 

Measurements. 

Length  of  carapace 0.255 

Width  of  carapace 850 

Width  of  lip  of  plastron 06 

Depth  of  posterior  notch 02 

From  near  Black^s  Fork  of  Green  Bivcr. 

Emys  wyomingbnsis,  Leidy. 

Geological  Survey  Montana,  1871,  p.  ^67, 

Abundant  in  the  Bridger  formation. 

Emys  gravis,  Cope. 

Notomorpha  gravis  and  X,  gamiamij  Cope,  Proceed.  Amer.  Philos.  See.,  1872,  p.  476^  477. 

The  preceding  names  were  used  to  designate  what  were  sup|K)9ed  to 
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represent  different  species,  which  were  stated  to  differ  in  the  form  of 
the  episterual  bone.  This  difference  appears  wijh  furtter  observation 
to  be  less  important  than  was  supposed. 

This  species  is  known  by  portions  of  several  specimens.  The  type  is 
larger  than  any  of  the  last  described,  and  equaled  some  of  the  Chlom- 
idw  of  the  ocean  in  dimensions.  The  right  hyosterual  bone  indicates 
both  resemblance  and  difference  from  the  J\r.  testxtdimcu  The  former  is 
seen  in  the  internal  thickening  parallel  to  the  margin,  bounded  behind 
by  a  deep  groove  extending  to  the  axilla.  A  peculiarity,  in  which  it 
differs  from  the  N,  testudinea^  is  seen  in  the  posterior  position  of  the 
humero-pectoral  dermal  suture,  which  originates  at  the  axilla.  The 
epihyostemal  suture  is  concave.  The  thickened  portion  of  the  epister- 
nal  margio  is  shorter  and  wider  than  in  the  species  just  named,  the 
width  being  to  the  length  as  2.5  to  2 ;  in  J\^.  testudhieaj  as  1.5  to  2. 

Measuretnents. 

ThickneBS  of  hyosternal  anteriorly Oil 

Width  of  coetal|(t)  second  Bpecimen 058 

Surfaces  not  sculptured. 

From  Green  River  strata,  near  Evanston,  Wyoming. 

Emys  testxjdineus,  Cope. 

Notomorpha  tesiudinea,  Cope,  loc.  cit,  p.  475. 

Represented  by  portions  of  four  or  more  individuals.  In  one  of  these 
the  anterior  lobe  of  the  plastron  is  in  part  preserved.  The  mesosternum 
is  a  transverse  oval,  the  posterior  margin  regularly  convex,  the  anterior 
with  three  equal  borders.  The  median  of  these  is  concave.  The  sutures 
are  radiating,  and  the  groove  separating  the  humeral  scuta  appears  to 
traverse  the  entire  length  of  the  bone.  The  outer  surface  Is  gently  con- 
vex. The  free  margin  of  the  episternal  and  hyposternal  bones  is  acute, 
and  with  an  internal  thickening,  as  in  Cistudo^  Testtidoy  &c.,  forming  a 
ridge,  with  abrupt  inner  face.  This  face  extends  backward  as  a  groove 
to  the  axillary  process  of  the  hyosternal,  forming  a  chai-acteristic  mark. 
Although  the  extremity  of  the  episternal  bone  is  lost,  and  the  meso- 
sternal  exhibits  no  trace  of  the  intergular  scute,  the  outer  sutures  of  the 
gnlar  scuta  are  so  far  posterior  as  to  render  it  highly  probable  that  the 
intergular  plate  existed.  At  the  point  where  this  suture  reaches  the 
margin  the  latter  is  openly  emargiuate.  The  posterior  suture  of  the 
bameral  scute  crosses  the  margin  half  way  between  the  axilla  and  the 
episternal  suture,  and  is  not  marked  by  a  notch.  The  last-named  suture 
is  transversei  On  the  xiphisternal  bones  the  groove  of  the  anterior 
suture  of  the  anals  is  plainly  visible.  It  is  regularly  convex  forward, 
and  in  one  specimen  is  double. 

In  a  second  specimen  of  about  the  same  size  parts  of  two  costal  bones 
are  preserved.  They  are  thick,  and  display  the  usual  costal  and  verte- 
bral scute-sutures,  the  latter  one  in  a  groove,  for  the  middle  of  the 
vertebrals  is  elevated,  and  the  costals  project  shoulder-like  just  outside 
the  groove. 

In  a  third  specimen,  a  little  larger,  xiphisternals  with  several  margi- 
nals are  preserved.  A  free  posterior  marginal  is  regularly  recurved, 
and  the  scute-sutures  are  deeply  impressed.  The  marginal  scuta  have 
evidently  been  marked  with  concentric  grooves  within  their  margins. 
The  first  marginal  bone  of  the  bridge  has  a  very  obtuse  edge. 

lu  none  of  the  specimeos  are  the  surfaces  sculptured. 
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Measurements. 
No.  1. 

IL 

Width  plafitron  at  axilla 1..     0.046 

Length  plastron  from  axilla,  (approximate) 05 

Thickness  hyostcrnal  at  mesostemal 009 

Thickness  hyosternal  at  hyposternal OOfi 

Width  meeostemal .087 

Length  mesostemal .096 

Thickness  of  a  vertebral 066 

Thickness  of  xiphisternal,  (normal) 001 

Thicknees  of  xiphisternal  at  pabis 007 

No.  2. 

Thickness  costal  at  hump .0075 

Width  of  costal 0173 

No.  3. 

Width  of  posterior  marginal ...^ .027 

Length  of  posterior  marginal 019 

The  tnesosternal,  though  foand  with  No.  1,  does  not  fit  it  exactly  and 
does  not  belong  to  it. 
From  Green  River  formation  near  Evanston,  Wyoming. 

Emys  euthnetus,  Cope,  sp.  nov. 

Represented  by  numerous  portions  of  several  specimens.  These  per- 
tained tx)  a  species  of  about  the  size  of  the  salt- water  terrapin,  Mala- 
cocleynmys  palustris.  There  is  no  dorsal  keel,  and  the  scutal  satnres, 
though  distinct,  are  not  very  much  impre3sed,  nor  the  interspaces  swol- 
len. The  lip  of  the  plastron  is  narrow,  thick,  and  not  notched;  the 
sutures  of  the  giilar  scales  do  not  extend  on  to  the  mesostemum.  The 
margins  of  the  lobes  of  the  plastron  are  a  little  thickened  and  the  su- 
tures of  the  bones  coarse,  and  at  the  hypoxiphisternal  junction,  &c., 
with  gomphosis.     (It  is  fine  and  close  at  this  point  in  E.  testudineusJ) 

The  costal  sutures  for  the  bridge  are  projecting  and  curved  in  one 
position ;  in  the  other  straighter,  and  very  near  the  margin  of  the  cos- 
tal bone.    Surfaces  smooth. 

Abundant  in  the  red  beds  which  lie  between  those  of  the  Green  River 
and  Bridger  epochs  at  Black  Buttes,  Wyoming. 

Emys  MEaAULAx,  Cope,  sp.  nov. 

Represented  by  remains  of  two  specimens.  They  pertained  to  a  spe- 
cies of  about  the  size  of  that  last  described.  The  marked  peculiarity 
consists  in  the  broad  and  abruptly  sunken  sutures  which  separate  the 
dermal  scuta  of  the  carapace.  This  is  visible  on  vertebral,  costal,  and 
marginal  bones,  where  the  are»  between  the  sutures  are  abruptly  sep- 
arated. The  sutures  paitially  interrupt  the  dorsal  carina.  This  is 
wide  and  low.  The  sculpture  is  otherwise  smooth.  The  scutal  sutures 
are  not  so  impressed  on  the  plastron,  and  those  of  the  ^lar  scutes  ex* 
tend  on  the  mesosternal  bone. 

Mea^surements. 

Length  of  a  marginal 016 

Width  of  a  marginal 08$ 

Width  of  a  vertebral i»8 

Length  of  a  vertebral i)l7 
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The  vertebrals  are  snbqaadrate  in  form.  Neither  carapace  nor  plas- 
tron is  thick.  The  mesosternal  is  transverse,  di£lmond-sbaped,  and  an- 
gular in  front. 

Measurements. 

Length 023 

Width i 034 

From  the  Oreen  Eiver  beds  at  Black  Bnttes.  A  third  bnt  nncharac- 
terisdc  series  of  fragments,  from  the  first  lignite-bed  above  the  Creta- 
ceous, probably  belong  to  this  species. 

Emys  pachylomus,  Cope,  sp.  nov. 

Established  on  fragmentary  specimens  of  a  species  similar  in  size  to 
the  last.  The  principal  difference  is  to  be  seen  in  the  scatal  sntures, 
^hich,  though  strongly  marked,  are  not  so  widely  and  deeply  impressed. 
Though  they  are  fine,  they  interrupt  the  dorsal  carina,  which  swells  up 
from  it,  and  divides  the  flat  proximal  portion  from  the  much  swollen 
marginal  part  of  the  marginal  bones.  The  mesosternal  bone  is  similar 
in  form  to  that  of  the  last  species ;  the  only  specimen  is  obtusely  rounded 
in  front,  and  bears  part  of  the  gular  scuta. 

From  Green  Biver  beds,  near  Black  Buttes. 

Emys  tebbestbis,  Cope. 

Pdlceotheoa  ierreatris,  Cope.    Proceed.  Amer.  PhiloB.  Soc.,  1872,  p.  464. 

In  this  species,  and  the  following,  the  lip  only  is  inclosed  by  the  gular 
scQta,  which  only  reach  the  apex  of  the  mesosternal.  .  In  neither  are  the 
articulations  of  the  bridge  with  the  costals  known.  Represented  by 
chjree  individuals,  one  of  which  may  be  regarded  as  the  type.  They  are 
all  thinner  than  the  K  polycyphusy  and  larger,  being  about  equal  to  the 
Aromockel^s  odaratus  of  our  ponds. 

Id  the  type  specimen  the  carina  of  the  vertebral  bones  is  interrupted 
by  a  deep  sutnral  groove,  which  is  less  pit-like  than  the  JE.  polycyphus. 
The  bone  itself  is  broader  than  long,  being,  perhaps,  from  the  hinder  part 
of  the  carapace.  The  clavicular  (episternal)  bone  is  preserved.  It  is 
characterized  by  the  considerable  and  abrupt  projection  of  that  part 
inclosed  by  the  gular  scutum,  which  resembles  what  is  sometimes  seen 
in  Testvdo.  The  edge  of  this  part  is  entire  and  acute.  The  posterior 
part  of  the  projection  forms  a  step  like  prominence  behind,  on  the  supe- 
rior or  inner  face.  The  bone  is  almost  as  wide  as  long,  and  the  meso- 
sternal causes  a  very  slight  medium  truncation,  but  overlapped  much 
OQ  the  inner  side.    The  gular  dermal  suture  does  not  reach  it. 

4 

Measurements, 

M. 

Length  Yertebral  bone 009 

Width  vertebral  bone 018 

^gth  episternal ^ 02 

Width  epSeternali  (tranaveree  to  axis  of  body) 017 

Width  of  a  costal    Oil 

Thickness  proidmally 003 

In  the  second  specimen,  a  strong  groove  is  seen  to  bound  the  lip  of 
the  front  lobe  of  the  plastron,  as  in  the  species  of  Kotomorpha.  In  it  the 
Diarginal  is  seen  to  be  stout,  a  little  recurved,  and  sharp-edged.  A  ver- 
tebral differs  from  those  described  in  being  longer  than  wide.  In  a  third 
iudividoai,  the  gular  lip  is  not  so  prominent  as  in  the  type,  and  the  me* 
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sosternal  bone  trancates  the  cla\icnlar  extensively,  giving  it  thus  a  more 
elongate  form.  The  gular  scuta  expands  to  its  front  margin.  The  mar- 
ginal bone  is  stout  and  sharp-edged,  and  is  not  so  deeply  impressed  by 
the  dermal  suture  as  in  P.  polycypha. 

Bmys  polyoyphus,  Cope. 

PalcBOiheoa  polyoypkaf  Cope.    Proeeed.  Amer.  Philos.  Soc.,  1872,  p.  463. 

This  species  of  tortoise  is  indicated  by  vertebral,  costal,  and  niargiD«l 
bones  of  very  small  individuals.  These  bones  are,  however,  not  ouiy 
thoroughly  ossified,  but  are  very  stout,  indicating  the  adult  age  of  the 
animal.  ^  The  deeply-impressed  scutal  sutures,  and  heavy  proportioDs. 
as  well  as  the  elevated  carina  of  the  carapace,  indicate  affinity  witJj 
'  Cistvdo^  or,  perhaps,  Testudo,  As  another  generic  character,  it  may  be 
noted  that  the  vertebral  bones  are  subquadrate  and  support  the  neural 
canal  without  intervening  lamina. 

The  carina  ot  the  carapiice  is  abruptly  interrupted  occasionally ;  some 
times  with,  sometimes  without,  a  pair  of  pits,  one  on  each  side.  The 
marginal  bones  are  well  recurved,  and  the  scutal  sutures  are  deeply  im- 
pressed on  them. 

Measurements. 

It 

Length  of  vertebral  bone 009 

Width  of  vertebral  bono jOOKi 

Length  of  marginal  bone «01 

This  is  the  least  of  the  tortoises  of  the  Bridger  formation. 

HADRIANU8,  Cope. 

Proceed.  Amer.  PhiloB.  Soc.,  1872,  p.  468. 

This  genus  resembles  Testudo  in  form,  but  has  two  anal  scnta,  as  in 
most  Emydidce.  The  claws  are  short  and  stout :  an  ungnal  phalange  isa 
long  oval  viewed  from  above,  and  is  oval  in  section,  with  obtoseidge^ 
The  articular  surface  is  snbinferior.  A  cervical  vertebra  is  of  moderate 
length,  and  has  a  very  prominent  anterior  zygapophysis.  The  oentram 
presents  two  distinct  convex  articular  surfaces  anteriorly,  and  one  trans- 
verse one  behind.  A  sacral  is  free  from  the  carapace  above;  it  presents 
two  subround  articular  cups  posteriorly  and  outwardly ;  the  anterior 
are  broken  off.  These  characters  are  observed  in  a  large  specimen  of 
H.  Corsonii. 

Hadbianus  allablatus.  Cope. 

Proceed.  Amer.  Philos.  Soo.,  1872,  p.  471. 

This  large  land-tortoise  is  nearer  in  general  form  to  the  ff.  eorsonii 
than  to  the  H.  octonarius^  but  differs  from  both  in  the  absence  of  the  pro- 
jecting lip  of  the  anterior  lobe  of  the  plastron,  which  is  thus  simply 
truncate.  The  mesosternum  is  not  cordate,  but  has  much  the  shape  of 
that  of  H,  eorsonii^  that  is,  rhombic.  The  scutal  sutures  are  deeply 
impressed.  The  plastron  is  strongly  concave.  Carapace  without  irreg- 
ularities of  the  surface.    Length  18  inches. 

From  the  Bad  Lands  of  Cottonwood  Creek,  Wyoming* 

HADBIANT7S  OGXONABIUS,  CopO. 
Proceed.  Amer.  Philos.  Soc.,  1872,  p.  468. 

The  JJ.  octonarius  is  distinguished  from  its  congener  in  many  ways. 
It  is  of  elongate  form,  strongly  contracted  at  the  bridges,  but  expanded 
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and  arched  above  the  limbs.  The  carapace  in  quite  convex.  The  plns- 
tron  has  the  jwsterior  lobe  emarginate  rather  than  bifurcate,  as  seen  in 
S.  Corsanii.  Each  projection  represents  a  right-angled  triangle  rather 
than  a  wedge.  The  anterior  lobe  presents  an  elongate  lip,  which  is  ex- 
panded, and  slightly  emarginate  at  the  end.  The  mesosternal  bone  is 
heart-shaped,  the  posterior  emargination  being  wide  and  deep. 

The  anterior  margin  of  the  carapace  is  somewhat  flared  above  the 
limbs.  The  nuchal  scutum  is  very  narrow  tmnsversely,  but  elongate. 
The  carapace  descends  and  is  incurved  in  the  middle  of  the  posterior 
margin. 

Measurements. 

M. 

Length,  (below) 730 

Widlh  at  middle 437 

Width  at  hind  lunba '. 525 

This  species  diflfersfrom  the  jHT.  Corsanii  in  many  important  points.  It 
is,  perhaps,  the  largest  of  our  extinct  land-tortoises,  and  is  founded  on  a 
beautifally  perfect  specimen  from  the  bluffs  of  Cottonwood  Creek. 

Hadrianus  Corsonii,  Leidy. 

Geological  Survey,  Montana,  1871,  p.  366 ;  Testudo  hadrianusy  Cope.     Proceed.  Am. 
Philos.  Soc.,  1872,  463 ;  Hiidrianus  quadratus,  loc.  cit.,  468. 

Indicated  hy  many  individuals,  two  nearly  perfect,  another  chiefly 
represented  by  a  complete  plastron.  This  proves  the  existence  of  a 
very  massive  species  of  the  terrestrial  genus  Testudo.  The  plastron 
presents  a  short  wide  lip  in  front,  which  is  turned  outward,  forming  a 
strong  angle  with  the  plane  of  the  upturned  front  of  the  lobe.  This 
lobe  is  bordered  by  a  thickening  of  the  upper  surface,  which  cuts  off  the 
basin  from  the  lip,  as  a  higher  ridge.  The  posterior  lobe  is  deeply 
biftncate,  each  postabdominal  projecting  as  a  triangle.  There  is  a 
notch  at  the  outer  angle  of  the  femoral  scute.  The  hyposternal  bone  is. 
greatly  thickened  within  the  margin  above,  and  an  elevated  ridge  bounds 
the  basin  of  the  plastron  behind,  as  before.  The  middle.of  the  plastron 
is  thin. 

The  carapace  is  without  marked  keel  or  serrations.  It  is  remarkable 
for  its  expanded  and  truncate  anterior  outline,  which  is  nearly  straight 
between  two  lateral  obtuse  angles. 

Lengthcarapace,M.  .750=29 inches;  width,  .630.  The  marginal  scuta 
are  narrow,  and  there  is  a  large  nuchal  plate. 

Abundant  in  the  Bridger  beds. 

LACBETILIA. 
NAOCEPHALUS,  Cope. 

Proceed.  Amer.  PhUos.  Soc,  1873,  p.  465,  (Jaly  20,) 

Established  on  an  incomplete  cranium,  with  vertebrsB  found  associated. 
No  teeth  are  preserved,  nor  any  part  of  the  mandible.  The  remaining 
portions  of  the  cranium  are,  however,  highly  characteristic. 

The  occipital  descends  posteriorly,  and  bears  a  pair  of  lateral  ridges, 
^hich  converge  rapidly  posteriorly.  This  bone  is  united  with  the  parie- 
tal by  suture,  which  is  transverse ;  it«  outline  is  rectangular,  so  as  al- 
ittost  to  reach  the  frontals,  which  are  prolonged  backward  on  each  side 
tbe  parietal,  leaving  but  a  narrow  exposure  of  the  posterior  processes  of 
tue  parietal.  These  extend  backwarid,  and  are  broken  off  in  the  speci- 
n^fi,  but  they  probably  formed  parts  of  arches.    The  parietal  is  single, 
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and  there  is  no  parietal  fontaDelle.  The  bone  is  triangnlar  in  ontlilie, 
with  the^pex  anterior,  dividing  the  frontals.  These  are  contracted  at 
the  orbits,  and  have  a  projecting  supercilliar^'  head ;  anteriorly  they  are 
thickened.  The  postfrontals  are  of  remarkable  form.  The.y  are  nuM- 
sive,  and,  compressed  from  before  backward,  they  rise  coQfiiderably 
above  the  level  of  the  front,  and  bear  on  their  sammits  a  cotyloid  cavity, 
which  is  transverse  to  the  axis  of  the  cranium ;  the  ase  of  this  projee- 
tion  is  obscure.  There  is  an  exoccipital  foramen,  and  a  large  one  in  tte 
posterior  part  of  the  frontal  opposite  the  postfrontal  elevation. 

The  sphenoid  is  a  compressed  keel-shaped  bone,  rounded  below,  and 
with  broad  alse  along  much  of  its  length.  The  occipital  condyle  is  sub- 
condate,  depressed  in  outline,  with  a  vertical.obtuse  angle  in  the  middle, 
and  the  sides  somewhat  plane. 

A  dorsal  vertebra  preserved  has  a  single  vertical  capitular  prooess, 
and  a  short  hypopophysis.  The  neural  canal  is  large,  and  the  neura- 
pophyses  are  attached  by  sutures.  The  cup  is  nearly  round,  very 
slightly  transverse,  and  vertical. 

This  genus  differs  from  Olyptosaurus^  Marsh,  in  the  total  lack  of  cranial 
shields,  and  from  Saniva^  Leidy,  in  the  nearly  round  vertebral  centra. 

Naocephalus  poeeectus,  Cope. 

Loc,  (At,,  p.  465. 

The  cranium  is  smooth  above,  except  the  anterior  part  of  the  frontals, 
which  are  finely  rugose. 

K. 

Width  craniiim  at  postfrontalB 072 

Width  parietal  behind 012 

Depth  postfrontals 618 

Depth  presphenoid  anteriorly (AA 

Diameter  dorsal  vertebra,  (cup) , • 007 

From  the  Bad  Lands  of  Cottonwood  Greek. 

SANIVA,  Leidy. 

Geolog.  Survey,  Wyoming,  1870,  p.  368. 

Saniva  ensidbns,  Leidy. 

Loc,  cU. 

YertebraB,  &c.,  from  Black's  Fork.  The  characters  agree  with  those  of 
IguanavtiSy  Marsh,  except  in  the  greater  depression  of  the  verteln^ 
centra. 

THINOSATJBDS,  Marsh. 

•    American  Journ.  Sci.  and  Arts,  October,  1872. 

Thinosatjbus  leptodtjs,  Marsh. 

A  considerabie  number  of  remains  from  Mammoth  Buttes  (Bitter 
Creek)  agree  nearly  with  Marsh's  description,  1.  c. 

OPHIDLA.. 
Protagbas  LACtrsTRis,  Cope. 

Proceed.  Amer.  Philos.  Soo.,  1872,  p.  471,  August  7. 

A  serpent  of  about  the  size  of  the  existing  pine  snake,  {Pitjfophtt 
melanolencus,)  and  allied  to  the  water-snakes  of  Tropidanotus  and  allied 
genera. 
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A  vertebia  before  me  has  the  longitudinal  hypopophysial  keel  of  that 
group,  which  terminates  m  a  very  obtuse  point.  The  ball  looks  exten- 
sively upward.  The  upper  articular  extremity  of  the  parapophysis  is 
short  and  obtuse,  and  the  inferior  equally  so,  and  directed  shortly  down- 
ward, their  articular  faces  being  continuous  with  each  other.  It  sends 
an  obtuse  latero-inferior  keel  backward,  which  terminates  in  front  of 
the  ball.  The  angle  connecting  the  diapophy sis  and  zygapophyses  is 
strong,  while  the  former  was  narrow ;  in  the  specimens  it  is  broken. 

Mecumrements. 

M. 

Length  of  centram  with  ball,  (bolow) 0090 

Elevation  behind,  (total) ^ Oi:jr> 

Elevation  before,  (total) ^ 0110 

Width  between  parapophyses  below .* 0055 

Widthof  articnlar  cap 0054 

Depth  of  articular  enp , 0043 

Depth  of  inferior  keel 0020 

I'rom  the  Bad  Lands  of  Cottonwood  Creek. 
This  species  is  allied  to  the  Boavus  of  Marsh. 

•      BATRACHIA. 

The  vertebral  column  and  part  of  the  cranium  of  a  probably  incom- 
pletely developed  tailless  Batrachiau  were  procured  by  Dr.  F.  V. 
Hayden,  from  the  fish-shales  of  the  Green  Eiver  epoch,  frcin  near  Green 
fiiver  City,  Wyoming.  They  are  not  sufficiently  characteristic  to  enable 
D)e  to  determine  the  relation  of  the  species  to  known  forms,  and  it  is 
tbe  oldest  of  the  order  yet  discovered,  the  fossil  remains  of  the  known 
extinct  species  having  been  derived  from  the  Miocene  and  later  forma- 
tions. 

PISCES. 
OLA8TE8,  Cope. 

Order  Oinglymodi :  Mandibular  ramus  without  or  with  reduced  fissure 
of  the  dental  foramen,  and  without  the  groove  continuous  with  it  in 
Lepidosteus.  One  series  of  large  teeth,  with  small  ones  exterior  to 
tbem  in  the  dentary  bone,  the  inner  superior  aspect  of  that  bone  with- 
out prominent  dentiferous  or  rugose  rib. 

The  species  of  this  genus  resemble  u\  many  ways  the  Lepidostei  of  the 
present  day.  Their  scales  are  rhombic  and  pierced  by  a  duct  on  the 
lateral  line.  The  cranial  bones  are  ornamented  by  tubercles  of  ganoine, 
distributed  variously  according  to  the  species.  Some  of  these  fisbes 
reached  a  large  size,  exceeding  any  now  living ;  others  resembled  the 
tnie  Lepidostei  in  this  respect. 

Tbe  characters  assigned  to  this  genus  are  derived  from  the  under 
JHw,  and  I  have  observed  it  in  two  species,  one  which  I  suppose  to  be 
tbe  Lepidoisteus  glaber^  Marsh,  and  the  other  C.  cycliferv^j  Cope. 

Olastbs  anax,  Cope,  spec.  nov. 

• 

Represented  by  some  cranial  bones,  and  especially  by  a  posttemporal, 
which  indicate  a  very  large  species  of  gar,  two  or  three  times  as  large 
as  the  alligator-gar  of  the  Mississippi,  {Atra4^tosteus  ferox.)  The  bone 
has  a  free  ovate  posterior  outline,  and  its  superior  surface  is  covered 
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with  a  thick  layer  of  dense  bone,  which  has  not  the  brilliant  surface 
of  gaiioiue.  This  sabstance  is  thrown  into  elevated  corrugated  ridges, 
which  are  generally  transverse  to  the  long  axis  of  the  bone,  and  inosea- 
late  and  are  interrupted  frequently.  The  spaces  between  are  as  wide  as 
the  bases  of  the  ridges. 

Measurements. 

Width  of  bone 042 

Ihickness  of  bone .  .OlS 

Found  in  the  Bad  Lands  of  Ham's  Fork. 

Clastes  atrox,  Leidy. 

Lepido8teu8  atrox,  Leidy.    Proceed.  Acad.  Nat.  Sci.,  Philadft.,  1878. 

Abundant,  and  represented  by  both  rough  a,pd  smooth  scales,  the 
former  from  the  anterior  part  of  the  bod}'. 

Clastes  cycliferus,  Cope. 

Established  on  numerous  remains  of  a  small  species,  in  which  the 
scales  are  rather  wide,  and  generally  with  obtuse  extremital  anglesjand 
frequently  in  certain  regions  of  the  body  entirely  rounded  at  the  pos- 
terior border.  Fragments  of  the  cranial  bones  are  ornamented  with 
scattered  tubercles  of  ganoine  of  rounded  form,  and  not  distribat«d  in 
lines,  as  in  some  species.  In  a  fragment  from  the  posterior  part  of  the 
mandible  there  is  a  single  row  of  large  teeth,  with  a  series  of  minute 
ones  between  them,  on  the  out^r  edge  of  the  bone.  The  external  face 
presents  a  smooth-  superior  surface,  and  a  rugose  inferior  portion  which 
is  marked  by  irregular  lines  of  points  of  ganoine. 

'  Measurenients^ 

Depthof  dentary  bone.. •...    .(KKO 

Width  of  dentary  above (K^ 

Length  of  a  Bcale,  (exposed  face) .0060 

Width  of  a  scale,  (exposed  £a«e) O060 

Thickness  of  cranial  bone 

From  Mammoth  Buttes. 

Clastss  0LABEB,  Marsh. 

Lepidoateus  glaher,  Marsh.    Proceed.  Acad.  Nat.  Sci.,  187. 

Abundant. 

PAPPICHTHYS,  Cope. 

Gen.  nov.  Halecomorphorum. 

Family  Amiidae :  Yertebrae  short,  the  dorsal  with  prominent  dia- 
pophysis ;  the  ^ides  of  the  centrum  striate- grooved.  Maxillary  bone  wiUi 
a  supplementary  bone  on  its  distal  upper  border,  and  supporting  a  single 
series  of  teeth.  Dentary  bone  with  but  one  series  of  teeth ;  surface  of 
cranial  bones  sculptured. 

This  genus  differs  from  the  existing  Amio,  in  the  presence  of  only  one 
series  of  teeth,  instead  of  several,  on  the  bones  about  the  nioath.  The 
posterior  part  of  the  dentary  bone,  or  perhaps  another  element,  is  eciv- 
ered  with  fine  graniform  teeth,  as  in  Amia  calva. 

Species  of  the  genns  are  numerously  represented  in  the  beds  of  tlie 
Bridger  Eocene.    Some  of  them  have  been  referred  to  Amia  by  Marsh* 
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Pappichthys  plicatus,  Cope,  spec.  nov. 

Established  on  a  series  of  bones  of  the  skall  and  vertebrse.  The  cranial 
bones  ai-e  deeply  gi-ooved,  and  with  parallel  ridges  between.  The  outer 
face  of  the  deiitary  is  roughly  grooved  on  the  inferior  half  of  its  posterior 
two-thirds.  The  inner  face  is  uarl^ed  by  a  strong  groove  near  its  middle 
to  the  symphysis,  above  which  it  is  very  convex;  below  it  extends  to  a 
thin  edge.  The  dental  alveoli  are  shallow  and  in  close  contact;  there 
are  six  in  .025™  at  its  middle,  where  it  is  also  .019  deep.  The  teeth  be- 
come smaller  at  the  symphysis.  The  maxillary  bone  is  rod-like  proxi- 
mally,  but  flattens  oat  much  distally,  and  is  there  slightly  rugose  on  tbe 
onter  face.  The  teeth  are  smaller  than  the  mandibulars,  there  being 
at  the  middle  fourteen  in  .025™.  The  alveoli  are  larger  proximally.  The 
depth  of  tbe  bone  at  the  beginning  of  the  suture  for  the  supplementary 
maxillary  is  .020™.  The  superior  extremity  of  the  hyomandibular  is 
broad  and  flat.  The  inferior  quadrate  is  thickened  behind,  and  has  a 
sablongitudinal  condyle  distally.  The  squamosal  suture  of  the  ptery- 
goid adjoins  it. 

IJumber  cranial  ridges  in  .010™,  10.  The  vertebrae  preserved  are 
gnite  short,  and  have  sessile  diapophyses ;  they  are  broader  than  deep. 
Width,  .026™ ;  depth,  .019 ;  thickness,  .005.  The  articular  surfaces  for 
tt&e  neural  arches  are  confluent,  so  as  to  have  a  subquadrate  outline. 

Another  specimen  is  represented  by  numerous  fragments.  One  of 
these  is  the  proximal  half  of  the  os  maxillare.  This  extremity  rises  in  a 
curve,  is  somewhat  depressed,  and  is  excavated  below.  The  inner  face 
is  very  convex,  the  outer  flatter  and  with  squamosal  suture  for  premax- 
illary  external  to  the  extremity  a  half  inch.  A  fragment  of  the  palatine 
exhibits  a  series  of  large  marginal  teeth  and  a  plate  of  smaller  ones 
within  them,  thus  resembling  Amia  ;  the  superior  face  exhibits  a  deep 
longitudinal  groove,  which  opens  out  posteriorly.  The  prooticbone  is  a 
half  disk,  thickened  on  the  straight  edge,  and  with  concave  sides,  with  a 
flat  tuberosity  on  one  of  them.  On  some  of  the  cranial  bones  the  ridges 
are  interrupted.  The  dorsal  vertebrae  of  this  specimen  have  the  centra 
broader  than  deep,  and  with  projecting  diapophyses.  The  neural  ar- 
ticular faces  are  for  its  own  arch  and  that  of  the  next  vertebra,  and  there 
are  two  narrow  grooves  on  the  inferior  face.  They  are  nearly  or  quite 
distinct.  As  this  is  observed  on  vertebrse  with  elongate  diapophyses, 
and  they  are  confluent,  or  one  is  wanting  on  those  with  sessile  diapophy- 
ses, it  is  probable  that  the  position  of  the  neural  arches  is  shitted  on 
the  dorsals,  ^n  arch  being  confined  to  a  single  centrum  on  the  posterior 
ones,  as  occurs  on  the  caudals  only  in  Amia  calva. 

The  specimens  came  from  distinct  localities  ou  Cottonwood  Greek. 

Pappichthys  scleeops.  Cope,  sp.  nov. 

Established  on  a  ramus  of  the  mandible  of  one,  and  other  similar 
specimens  of  other  individuals.  These  indicate  a  large  fish,  equal 
in  size  to  the  alligator-gar  of  the  Mississippi.  The  dentary  bone  is 
more  compressed  and  deeper  than  in  P.  pUcatua.  The  longitudinal 
groove  runs  above  the  middle  line,  and  the  portion  of  the  bone  below 
ft  thiQs  to  an  edge.  The  upper  portiou  is  thiiikened,  and  the  alveolar 
bord^  ia  wide  and  bounded  by  an  angle  on  the  inner  side.  The  alveoli 
dre  large  and  shallow;  in  .025°*  scarcely  three  find  place.  Near 
tbe  symphysis  is  a  smaller  one,  which  is  separated  by  a  considerable 
diastema  from  the  succeeding  one,  (perhaps  abnormally.)  The  external 
I'ace  of  the  bone  is  rough  and  somewhat  tubercular.  • 
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Measurements. 

Iff. 

Depth  dentary  at  aympbysU ftji 

Depth  dentary  at  middle 03S 

Depth  dentary  at  eleventh  tooth .046 

Thicknees  dentary  at  eighth  tooth Old 

.  Pappiohthys  l^vis,  Cope,  spec  nov, 

fiepresented  by  various  fragments  inolndiug  dentary  and  vertebral 
bones.  The  former  differs  from  that  of  the  Apecies  just  described  in  the 
smaller  size  of  its  teeth,  there  being  six  in  a  space  occupied  by  bat  four 
in  it,  at  a  point  where  the  dentaries  of  equal  depth.  In  other  words, 
there  are  four  in  .0250°^.  The  alveolar  faces  are  also  much  more 
oblique,  being  in  fact  continnous  with  the  inner  face  of  the  bone.  The 
external  face  of  the  dentary  is  smooth,  and  thus  different  from  that  of 
P.  sderaps.  A  dorsal  vertebra  is  but  little  wider  than  deep,  and  is  trun- 
cat>e  below,  presenting  a  prominent  infero-lateral  angle. 

Measurements, 

Depth  of  dentary  near  middle 087 

Thickness  of  dentary  near  middle 019 

Depth  centrum  of  vertebra 089 

Width  centrum  of  vertebra 099 

Length  centrum  of  vertebra 009 

From  the  bluffs  of  Cottonwood  Creek. 

Pappichthys  symphysis,  Cope,  species  nova. 

Established  on  a  niftnber  of  vertebrsB  of  an  individual  of  much  smaller 
size  than  any  of  the  preceding,  and  which  was  about  the  size  of  the 
largest  growth  of  A,  calva.  The  form  of  the  dorsal  centra  is  a  little 
wider  than  deep ;  the  caudal  deeper  than  wide.  What  distinguishes 
these  from  the  vertebrsB  of  the  species  above  described  is  the  lack  of 
clistinction  between  the  articular  facets  of  the  adjacent  neura|>ophyse9. 
These  are  almost  confluent,  instead  of  nearly  or  quite  isolated  as  in  the 
P.  kevis  and  P.  plioatus. 

Measurements. 

Lfn^h  of  oentmm,  dorsal 006 

Depth  of  centrum,  dorsal 014 

Width  of  centrum,  dorsal Old 

Depth  centrum,  caudal 0115 

Width  centrum,  caudal 0106 

Leugth  centrum,  caudal 0040 

The  dorsals  of  the  above  specimen  have  short  diapophyses  and  might 
be  regarded  as  posterior,  and  the  anterior  might  be  anticipated  to  pre- 
sent a  different  type  of  articulation  with  the  ueurapophyses  as  in  P.  jp/i- 
catus.  But  a  vertebra  of  the  same  size  and  form,  but  with  long  diapo- 
physes, from  another  locality,  (Upper  Green  River,)  presents  the  same 
subquadrate  articular  faces  slightly  constricted  in  the  middle.  Hence 
I  suspect  this  character  to  be  characteristic  of  the  species. 

Pappichthys  coBSONn,*  Cope,  spec.  nov. 

This  species  is,  perhaps,  rather  smaller  than  the  last.  A  dorsal  ver- 
tebra with  ioferior  diapophyses  is  but   little  wider  than  deep.    The 

*  Dedicated  to  Dr.  Joseph  Corson,  former]  v  stationed  at  Fort  Bridger,  to  whom  I 
under  many  ohligations,  professional  and  otherwise. 
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articular  sarfaces  for  tbe  neurapophyses  are  8-shaped,  the  area  conflaent. 
A  marked  peculiarity  is  seen  in  the  dentary  bone.  It  is  much  curved  in 
tbe  vertical  plane  as  well  as  in  the  horizontal,  and  must  have  inclosed 
a  wide  month.  The  groove  is  median,  and  the  inferior  and  superior 
surfaces  reach  it  by  a  nearly  equal  slope.  The  former  leaves  the  alveoli 
without  horizontal  border,  though  the  latter  themselves  open  on  a  hori- 
zontal plane.    There  are  four  and  a  fraction  in  .010™. 

Measurements. 

H. 

Depth  of  ramus  at  middle 0.013 

Thickness  of  ramus  at  middle 006 

Length  x^ost'erior  dorsal  vertebra ^ 006 

Depth  posterior  dorsal  vertebra 012 

Width  posterior  dorsal  vertebra  ..^ 013 

From  Upper  Green  Eiver. 

PHAREODON,  Leidy. 

Proceedings  Academy  Nat.  Sciences  Phila.,  1873. 

This  genus  belongs  to  the  order  of  Nematognathi^  as  I  discovered  by 
Tarious  specimens  in  my  possession. 

The  usual  modification  of  the  anterior  vertebrae  exists  in  this  genus. 
The  mass  is  carinate  below,  and  bears  two  longitudinal  cavities  sepa- 
rated by  a  low  partition  above.  The  palatine  bones  support  a  mass  of 
teeth,  there  being  one  external  series  of  large  ones  rather  abruptly 
pointed,  and  several  series  of  small  ones  of  little  elevation,  whose  size 
diminishes  inward.  The  dentary  bone  is  narrow  and  deep  and  sup- 
ports a  single  series  of  closely  placed  slender  teeth,  which  together  form 
a  comb.  The  bases  of  these  teeth  are  rugose-striate,  and  the  apices 
abruptly  acuminate. 

The  vertebrse  are  short,  and  with  reticulate  ridges  on  the  sides. 
There  is  a  pit  on  each  side,  and  there  are  two  pits  on  each  of  the  sides 
above  and  below.  The  vertebra  appears  to  be  a  caudal,  and  the  connate 
bffimapophysis  issues  from  between  the  lateral  and  inferior  pits  and 
bas  a  round  pit  at  its  base. 

The  remains  of  spines  are  of  rather  small  size,  and  are  strongly  stri- 
ate and  weakly  serrate.  Tbe  pectoral  had  the  hinge  arrangement  of 
Amiurus  BxidRhineastes. 

The  single  series  of  long  conic  teeth  in  the  dentary  bone  is  a  peculiar 
feature,  shared  by  few  if  any  recent  genera. 

« 

Phabeodon  acutus,  Leidy. 

•  Represented  by  numerous  remains.  The  teeth  as  preserved  are  black, 
with  white,  translucent,  slightly  incurved  apices.  The  dentary  bones  are 
deep,  incurved,  and  with  an  erect  elevated  point  at  the  symphysis  ^  their 
outer  surface  is  rugose,  with  deep  longitudinal  grooves  and  pits  of  irreg- 
ular sizes. 

Measurements. 

M. 

^pth  dentary  at  symphysis 009 

Depth  dentary  at  fourt-eenth  tooth oi.5 

Msngih  of  eighth  tooth 0056 

DiameterofriKht  tooth  at  base 0015 

Diameter  of  a  caudal  vertebra OOc^ 

.  Jl^i^b  of  a  caadai  vertebra 0055 

out  teeth  in - 0100 

Prom  Upper  Oreen  Biver. 


• 
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Phabeobon  sebigeus,  Cope,  spec  nov. 

Established  on  tlir«e  teeth  which  diifer  from  those  of  the  P.  acutus  in 
their  large  size  and  stoat  oouic  form ;  also  in  having  the  basal  striatioD 
finer,  parallel,  and  extending  over  half  the  length  of  the  crown.  The 
basal  portions  a&  preserved  are  black,  the  apex  white,  and  with  a 
slightly  abrupt  contraction. 

Measurements. 


Ijeogth  of  crown 

Diameter  of  crown  at  base. 


No.l. 


.0050 
.0035 


No.  2. 


.0090 
.0040 


Ko.3. 


.0070 
.0040 


From  Upper  Green  Eiver. 

EHINEASTES,  Cope. 

Proceed.  Amer.  Philos.  Soc.,  1872,  p.  466.    (Published  August  20, 1872.) 

A  genus  of  Nematognathi  which  differs  from  Phareodan  in  possessing 
the  usaal  band  of  bristle-like  teeth  on  the  dentary  bone,  the  amea 
being  numerous,  (in  R,  calvtis.)  The  basi-occipital  bone  exhibits  a  pit 
on  the  middle  line  below,  and  a  surface  for  attachment  for  the  inferior 
branch  of  the  posttemporal  on  each  side,  {R.  calvusy  R,  smithiL)  The 
modified  anterior  vertebral  mass  is  deeply  grooved  below,  (£.  smiikiL) 
The  cranium  is  covered  with  a  rugose  exostosis,  {R.  peltatus^  R.  ealtmsj 
R,  smithiu)  and  has  a  strong  closed  groove  in  the  position  of  the  usual 
Iron  to-parietal  fontanelle.  The  vertebrsB  (RnSmithii)  are  short,  and  the 
sides  of  the  centra  only  striate  with  the  circumference.  There  are  no 
lateral  pits,  but  a  pair  above  and  a  pair  below,  with  a  co-ossified  a|)ophy- 
»is  at  the  base  of  one  of  them. 

The  spines  preserved  belong  chiefly  to  the  pectoral  fin.  They  are 
strongly  striate  and  weakly  dentate,  and  have  the  usual  hinge' with 
superior  recurved  flange  above,  and  two  embracing  processes  below, 
at  the  base.  The  dorsal  spine  is  weaker  in  R,  calvusj  but  strong  in  £. 
peltatus. 

This  genus  is  allied  to  the  recent  IchthaduruSj  but  differs  (12.  smithii) 
in  the  vertebrae,  and  in  the  rough  exostoses  of  the  cranial  bones.  In 
R,  peltatvs  the  supra-occipital  shield  has  a  great  mass  and  extent,  but 
in  R.  calvus  it  is  not  much  more  extended  than  in  Ichthwlurus. 

The  expedition  obtained  remains  of  four  or  five  species  of  this  genos, 
the  first  of  the  order  found  extinct  in  this  country. 

I.  Rhineastes;  a  large,  massive  nuchal  shield. 

Cephalic  ossification  pappilliform R.  peltatiu. 

Ossification  in  rugose  lines JR.  radtdus, 

II.  Astephus  ;  nuchal  shield  narrow  and  short. 

Cephalic  ossification  in  smooth  lines ;  one  basi-occipital 

pit ;  pectoral  spines  serrate  on  both  edges JB.  smUkiu 

Three  basi-occipital  pits;  pectoral  spines  serrate  on 

both  edges jR.  calms. 

Pectoral  spines  serrate  behind  only ;  curved R  arcuatuf- 

The  cephalic  bones  of  the  last  named  are  unknown,  a^i  well  iis  tli6  ', 
spines  of  R.  radultis. 
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Bhineastes  peltatus,  Cope. 

Proceed.  Amer.  Philoe.  Soc  1872,  486. 

Established  on  cranial  and  other  bones,  witli  spines  of  a  siluriform 
fish  of  the  size  of  the  largest  species  of  Amiurtis.  The  form  iu  the  ex- 
cessive ragosity  of  the  external  lon^  surfaces  reminds  one  of  some  of  the 
Brazilian  Dorades,  The  frontal  fontanelle  is  closed,  thoagh  very  dis- 
tinctly marked  by  a  groove  of  the  surface  not  rugose.  The  ragosity 
consists  of  innumerable,  packed  osseous  papillae.  The  cranial  ossifica- 
tion is  continued  posteriorly  as  a  shield,  which  is  strongly  convex  from 
Bide  to  side.  The  spine  is  symmetrical,  and  probably  dorsal.  It  is  com- 
pressed and  curved  antero-posteriorly,  and  is  deeply  grooved  behind. 
Laterally  it  is  closely  striate-grooved  ^  the  anterior  face  is  narrowed, 
obtuse,  and  minutely  serrate  with  cross  ridges ;  each  side  of  it  is  rugose, 
with  several  irregular  series  of  pronounced  tubercles  arranged  trans- 
versely. 

MeasuremenU, 

Width  frontal  bone  near  front  of  fontanelle 0.012 

Thicknew  at  do 004^ 

Thickneas  at  of  caaqae 004* 

Width  spine 005 

Depth  spine... 009 

From  Soath  Bitter  Creek. 

Bhineastes  badttltjs,  Cope,  spec.  nov. 

Bepresented  by  numerous  broken  cranial  bones,  which  present  a  pat- 
tern of  exostosis  quite  distinct  from  that  observed  in  other  species.  This 
consists  of  closely  placed  crenate  ridges,  which  radiate  from  various 
points  and  are  sometimes  broken  up,  but  always  rough  or  serrate  on  the 
edges.    The  bones  are  not  so  thick  as  in  the  last  species ;  t.  e.,  .0025°^. 

From  Bad  Lands  of  Cottonwood  Creek. 

Ehineastes  smithh,  Cope. 

Proceed.  Amer.  Philos.  Soc,  1872,  p.  486,  (August  20.) 

Bepresented  by  remains  of  several  individuals,  including  one  with 
vertebrse,  basi-occipital,  opercular,  and  other  cranial  bones  with  spines. 
They  indicate  a  fish  of  the  size  of  the  large  cat  fishes  of  the  Ohio  Biver. 
The  pectoral  spines  are  quite  compressed  and  distinctly  striate-grooved 
on  the  sides.  The  posterior  groove  is  occupied  by  short,  spaced,  recurved 
teeth ;  the  anterior  by  an  acute  edge  bounded  by  a  groove  on  each  side, 
"vrhich  has  a  fine,  close  serration.  The  surface  of  the  modified  vertebral 
•mass  is  striate-ridged ;  that  of  the  boBi- occipital  still  more  strongly  ridged. 
Tbere  is  a  median  pit  behind,  and  the  points  of  attachment  of  the  in- 
ferior limb  of  the  posttemporal  is  in  front  of  it,  smooth,  and  without 
reverted  edges.  The  operculum  has  a  large,  compressed,  sessile  cup,  and 
its  external  surface  is  strongly  ridged  and  grooved,  radiating  from  above 
iu  front. 

Measurements. 

K. 

Biuneter  of  a  vertebra 021 

Leof;th  of  centrum 009 

pameter  of  modified  vertebra 013 

Dvameler  of  groove  of  vertebra 005 

iJianiPter  of  occipital  articulation 015 

L'*ngtb  of  cup  of  operculum 013 

Diameter  ftpiuc  at  base 008 

Diameter  spine  at  .004  from  base '. 0037 
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Auolher  pectoral  spine  is  larger ;  diameter  at  base,  .010. 

From  the  Mammoth  Battes  and  Ijaclede,  on  South  Bitter  Creek.* 

Bhineastss  calyus,  Cope,  sp.  nov. 

Represented  by  numerous  specimens,  including  most  parts  of  the  cra- 
iiiuni,  spines,  &c. 

One  of  these  shows  the  supra-occipital  production  to  have  the  form 
of  an  equilateral  triangle,  with  a  sinus  of  the  posterior  border  on  each 
side  of  it  which  advances  in  front  of  the  epiotic  bone  below.  Shortly  in 
front  of  this  point  the  deep  groove  representing  the  fontanelle  com- 
mences. The  cranial  rugSB  are  lines  parallel  to  the  fontanelle,  which 
diverge  to  the  margins  of  the  occipital  prolongation,  and  are  frequently 
connected  by  cross-ridges.  The  frontal  portion  of  the  skull  is  much 
expanded  laterally,  and  the  part  beneath  inclosed  by  the  prefrontals 
particularly  wide.  The  fontanelle  in  this  region  does  not  appear  to 
have  been  entirely  closed.  The  surface  is  here  also  strongly  rugose. 
The  vomer  has  a  T-shaped  anterior  extremity,  which  is  immediately 
followed  by  two  transverse  parallelogrammic  patches  of  preinaxillary 
brush-teeth  in  several  rows.  They  are  about  twice  as  long  as  wide  and 
in  contact  medially.  The  anterior  margin  of  the  premaxilla  projects 
their  length  beyond  them,  and  is  perfectly  smooth  and  has  a  smooth 
rounded  border.  The  basi-occipital  has  a  subcordate  cotylus.  In  front 
of  the  median  inferior  pit  are  three  groove-pits;  the  articular  face  for 
the  posttemporal  is  opposite  the  former,  aud  is  rugose  and  has  strongly 
reverted  edges. 

MeasuremerUs. 

Diameter  occipital  articDlation 006:2 

Diameter  base  supra-occipitul  shield OVVi 

V^Tidth  front  above  orbits    004:5 

Length  from  vomer  to  premaxillary  border 0110 

Length  of  both  tooth  patches .01^ 

Diameter  pectoral  spine  at  base 0031 

The  pectoral  spine  is  serrate  on  both  edges.  The  base  of  the  dorsal 
is  symmetrical  and  articulates  with  its  intemeural  bone  by  two  lateral 
flat  and  one  convex  median  anterior  condyles,  whose  surfaces  are 
curiously  rugose.  The  interneural  has  a  rugose  median  superior  keel, 
which  terminates  in  a  point  which  is  received  into  a  pit  of  the  base  of 
the  spine ;  there  is  a  similar  production  on  the  posterior  side  for  a  simi- 
lar purpose.  The  basis  of  the  spine  proper  is  smaller  than  that  of  the 
pectoral,  and  is  about  as  wide  as  deep. 

In  a  number  of  fragments  of  another  individual,  found  together,  the 
basi-occipital  has  the  characters  already  described.  The  dentai-y  bi)ue 
is  curved  inward,  and  is  acute  below,  widening  regularly  to  the  alveolar 
border.  There  is  no  groove  on  the  inner  face,  while  the  outer  is  striate- 
grooved  and  has  a  series  of  pits  along  its  lower  middle. 

Meagurements. 

M. 

Diameter  occipital  articnlation .009 

Width  alveolar  face « 004 

Depth  of  ramus  at  middle OOd 

*  Named  for  my  respected  friend  D.aniel  B.  Smith,  of  Germantown,  maoy  yeacs  pittr 
oipal  of  Haverford  College,  and  a  student  and  lover  of  natural  sciences. 
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A  part  of  the  operculuiu  of  a  third  individual  (with  similar  spines) 
displays  great  rugosity  and  elevated  radiating  ridges }  length  of  articu- 
lar cup,  M.  .0065. 

The  specimens  are  chiefly  from  the  Bad  Lands  of  the  (Jpper  Green 
River. 

Ehineastes  arouatus.   Cope,  spec.  nov. 

There  are  numerous  spines  about  the  size  of  those  of  the  last  species, 
which  differ  in  the  want  of  the  fine  serrated  anterior  edge.  I  select  one 
as  the  type,  which  belonged  to  the  pectoral  fin  of  the  right  side.  It  is 
Hubroken,  and  is  curved  from  base  to  apex.  The  latter  is  acute  by 
an  oblique  posterior  truncation.  The  surface  is  strongly  striate,  and 
the  teeth  of  the  posterior  edge  are  closely  set ;  the  proximal  point  dis- 
tally,  the  distal  proximally.  In  this  specimen  there  is  a  trace  of 
anterior  serration ;  in  many  specimens  none  whatever.  The  external 
surfaces  of  the  epiclavicular  and  coracoid  bones  are  strongly  rugose- 
striate,  as  is  the  case  in  all  the  species  of  this  genus,  and  the  most 
characteristic  fragment  is  that  portion  of  the  scapular  arch  at  the  base 
of  the  pectoral  spine. 

M. 

Length  of  spine  on  curve 052 

Diameter  at  base,  long 006 

Diameter  at  base^  abort 004 

The  recurved  plate  of  the  base  is  rugose,  as  in  other  cat.fishes. 
Specimens  generally  from  Upper  Green  River. 
The  spines  are  less  compressed  than  in  B.  calvtis. 

TRICHOPHANES.    Cope. 

Proceed.  Amer.  Pbilos.  Soc,  1872,  p.  479. 

Allied  to  ErismatoptertMj  Cope,  and  to  the  family  of  Cyprinodontldw. 
Dorsal  and  anal  fins  short,  each  with  a  long  and  short  spinous  ray  on  the 
anterior  margin.  Ventrals  beneath  the  dorsal.  Operculum  with  a  longf- 
.  tiidinal  keel  above.  Mouth  with  a  wide  gape,  extending  beyond  orbit. 
Scales  wanting,  represented  by  rigid  fringes  or  hair-like  bodies.  Several 
important  characters  of  this  genus  are  not  very  distinctly  displayed  by 
the  specimen  described.  This  is  especially  the  case  with  the  maxillary 
region.  The  premaxillary  bone  evidently  forms  a  large  part  of  the 
arcade  of  the  month,  but  whether  the  whole,  is  not  certain.  The  pres- 
euce  of  teeth  and  number  of  brauchiostegal  radii  cannot  be  stated. 
Other  points,  more  definitely  exhibited,  are  a  preoperculum  without 
berrations,  directed  a  little  obliquely  backw^ard ;  a  coracoid  of  little 
width;  an  inferior  i)ostcUivicle  with  a  superior  (proximal)  conchoidal  ex- 
pansion, and  long,  slender  shaft,  extending  to  the  anterior  extremity  of 
the  femora.  The  latter  are  quite  slender  and  acuminate  anteriorly, 
and  grooved  to  the  apex,  but  apparently  not  furcate.  They  do  not 
present  any  marked  posterior  union.    Vertebrae  not  elongate. 

Caudal  fin  furcate.  Interneural  spines  wanting  in  front  of  dorsal 
fiu ;  those  of  the  anterior  rays  very  strong.  Interhsemals  of  the  ante- 
rior anal  rays  similarly  strong.  Caudal  fin  embracing  one  vertebra, 
and  supported  by  separated  hsemal  spines.  The  characters  which 
separate  Trieophanes  from  Erismatopterm  are  seen  in  the  large  mouth 
and  short  muzzle  and  in  the  peculiar  covering  of  the  body,  fn  the 
former  character  it  resembles  some  of  the  8capeUj  while  the  latter 

41  GS 


642       GEOLOGICAL  SURVEY  OF  THE  TERRITORIES. 

is  not  seen  in  any  genus.  The  bristle-like  bodies  are  scattered  oTer 
the  whole  extent  of  the  fish,  excepting  the  head  and  the  fins,  and  ave 
arranged  in  little  aggregations,  which  are  irregularly  disi>ose(l.  The 
processes  themselves  lie  irregularly  together,  as  though  free  from  eacli 
other,  and  are  evidently  not  the  impressions  of  keels  of  the  scaler 
Traces  of  other  scales  are  not  visible,  and  the  bodies  described  would 
suggest  the  existence  of  an  ossified  ctenoid  fringe  on  a  less  fully  calsi- 
fied  scale,  or  possibly  without  such  basis. 

Tbichophanes  hians.    Cope. 

Loe,  ciLf  '480. 

Vertebrse,  D.,  9 ;  C,  15 ;  six  between  interneural  spine  of  dorsal  and 
interhsemal  of  anal  fin.  Radii,  D.  II,  (!)  6,  (soft  rays  somewhat  injured;) 
A.  II,  7 }  V.  and  P.  not  all  preserved  ;  caudal  rays  numerous,  forming  a 
deeply  bifurcate  fin.  The  ventrals  reach  a  little  over  half  way  to  the 
anal,  and  the  latter  about  half  way  from  its  basis  to  that  of  the  caudal 
fin.  The  dorsal  fin,  laid  backward,  reaches  the  line  of  the  base  of  tlie 
first  anal  ray.  The  first  dorsal  ray  is  a  little  nearer  the  end  of  the  mnz- 
zle  than  the  origin  of  the  caudal  fin.  The  muzzle  is  very  obtuse,  and,  if 
the  specimen  be  not  distorted,  not  longer  than  the  diameter  of  the  orbit. 
The  gape  extends  at  least  to  the  posterior  line  of  the  orbit.  The  subor- 
bital region  is  deep  posteriorly.  In  its  present  somewhat  distorted  con- 
dition, the  specimen  measures  in — 

Total  length 0.ll5d 

Head ^16 

Vortebrj© 029 

Caudal  fin 0142 

Length  dorsal  spine 008 

Length  anal  spine 008 

Length  hair-like  bodies 0CC6 

From  the  paper-coal  of  Osino,  Nevada. 

AMYZON,    Cope,  Gen.  Nov.  Gatostomidarum. 

Proceed.  Amer.  Philos.  Soc,  1972,  p.  480. 

Allied  to  Bvhalichthys.  Dorsal  fin  elongate,  with  a  few  fulcral  spines 
in  front,  and  the  anterior  jointed  rays  osseous  for  a  considerable  part  of 
the  length ;  a  few  short  osseous  rays  at  front  of  anal  fin ;  scales  cycloid; 
caudal  fin  emarginate;  mouth  rather  large,  terminal. 

The  characters  of  this  genus  appear  to  be  those  of  the  Gatogtomidm. 
There  are^  three  broad  branchiostegals.  The  vertebrsB  are  short*,  and 
the  hsema  spines  of  the  caudal  fin  are  distinct  and  rather  narrow.  In 
one  specimen  a  pharyngeal  bone  is  completely  preserved.  Not  having 
it  before  me  at  the  moment,  I  merely  observe  that  it  is  slender,  and 
with  elongate  inferior  limb.  The  teeth  are  arranged  comb  like,  are 
truncate,  and  number  about  thirty  to  forty.  This  and  other  portions  of 
the  structure  will  be  more  fully  desciibed  when  the  whole  series  of  spe- 
cimens is  investigated.  The  bones  bordering  the  mouth  above  are  a 
little  displaced,  and  the  lower  jaw  projects  beyond  them*,  and  is  directed 
obliquely  upward.  The  dentary  bone  is  slender  and  toothless,  and  the 
angular  is  distinct.  The  premaxillary  appears  to  extend  beneath  the 
whole  length  of  the  maxillary.  Should  this  feature  be  substantiated,  it 
will  indicate  a  resemblance  to  GyprinidaB.  The  maxillary  has  a  high 
expansion  of  its  superior  margin,  and  then  contracts  toward  its  extrem- 
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ity.  Above  it  two  bones  descend  steeply  fipom  above,  which  may  be  out 
of  position.  The  preoperculum  is  not  serrate.  The  superior  ribs  are 
well  developed.  Tliis  foroi  approaches,  in  its  anterior  month,  the  true 
OyprinidsB  through  Bubalichthys.  It  is  the  first  extinct  form  of  Catos- 
tomidsB  found  in  this  country. 

Amyzon  mbntale.   Cope. 

Loo,  dtj  p.  481. 

This  fish  occurs  in  considerable  numbers  in  the  Osino  Shales,  and 
namerous  specimens  have  been  procured.  Two  only  of  these  are  before 
me  at  present;  they  are  of  nearly  similar  length,  viz,  M.  O.  .12  and 
.105.  The  most  elevated  portion  of  the  dorsal  outline  is  immediately 
in  front  of  the  dorsal  fin.  From  this  point  the  body  contracts  regularly 
to  the  caudal  fin.  The  dorsal  fin  is  long,  and  is  elevated  in  front  and 
concave  in  outline,  the  last  rays  being  quite  short.  They  terminate 
one-half  the  length  of  the  fin  in  front  of  the  caudal  fin.  The  interneural 
spines  are  stout  in  front  and  weak  behind.  Eadii,  III.  26,  and  (?)  11. 
23.  There  are  about  twenty-three  vertebrae  between  the  first  interneural 
spine  and  the  end  of  the  series  in  the  former  specimen,  in  which,  also, 
there  are  no  distinct  remains  of  scales.  In  the  second,  scales  are  pre- 
served, but  no  trace  of  lateral.  There  are  six  or  seven  longitudinal 
rows  above  the  vertebral  column.  The  anal  fin  is  preserved,  somewhat 
damaged;  the  rays  are  not  very  long,  and  number  IL  7.  The  anterior 
interheemal  is  expanded  into  a  keel  anteriorly;  ventral  fins  injured. 
The  ribs  and  supplementaries  are  well  developed.  The  inferior  quad- 
rate is  a  broad  bone,  with  deep  emargination  for  the  symplectic.  Depth 
Ko.  2  in  front  of  dorsal  fin,  M.  .025;  length  basis  of  dorsal,  .026. 

From  the  paper-coal  of  Osino,  Kevada. 

KEVIEW  OF  THE  YERTEBEATE  FAUNA  OF  THE  EOCENE 

OF  WYOMING. 

The  number  of  species  above  recorded,  as  obtained  by  the  expedition, 
is  as  follows: 

MAMMALIA,  (45.) 

Species. 

Qnadrumana 3 

Camivora 6 

Proboscidia 8 

Perissodactyla .* 14 

Bodentia 6 

Marsupialia 1 

lBcert»  sedis 7 

AVES,  (3.) 

Iiioert©  sedis 3 

BEPTILIA,  (44.) 

Crocodilia 8 

Testndinata s 32 

Lacertilia 3 

Opliidia 1 
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BATRAOHIA,  (1.) 


locertffi  sedis 


..       1 


PISCES^  (26.) 

Ginglymodi 

HaleooiQorphi 

NematogDatki 

Plectospondy li 

Isospondyli 3 

Percesoces 3 

Percomorphi 2 


*» 


Total  number  vertebrata 12l» 


Chardoter  of  the  types  of  Vertebrates. — Professor  Leidy,  in  his  report 
on  this  subject  in  1871,  (Geological  Survey  of  Montana,  p.  353,)  an- 
nounced the  presence  of  Camivora^  Inseetivora^  Rodentia^  Perissodaehfla. 
and  Artioddotyla  Omnivora^  concluding  that  Quadrnmana^  Chiraptera^ 
Proboscidia^  Artioda4ityla,  Buminantia^  Edentata^  and  Marsupialia  were 
wanting.  He  also  observed  the  entire  absence  of  horses.  The  resolts 
of  the  survey  of  the  preseut  year  confirm  these  statements  as  to  the 
presence  of  the  orders  first  meutioned  by  Professor  Leidy,  exoepting 
that  of  the  Artioddctyla,  the  existence  of  which  in  any  form  at  the  period 
in  question  remains  uncertain.  The  entire  absence  of  the  Ruminantia 
ancl  of  the  single  hoofed  equiues  is  fully  confirmed.  On  the  other  hand, 
I  have  been  able  to  add  Qnadrumana  and  Froboscidiay  while  Marsb,  who 
discovered  the  former  nearly  coincideutally  with  myself,  has  obtained, 
in  addition,  Chiroptera  and  Marsupialia.  Thus  the  fauua  embraced  an 
extensive  series  of  types  of  Mammalia,  whose  characters  it  will  be  well 
to  glance  at  in  review. 

Of  the  qnadrumana  none  are  typical  forms,  and  all  are  much  more  gen- 
eralized than  the  existing  families.  Of  tlie  six  carnivora,  two,  at  least, 
are  far  from  recent  forms,  and  combine  important  features  now  found 
in  distinct  families.  The  proboscidia  are  all  remote  from  Miocene  and 
recent  forms,  combining  features  of  perissodactyles.  Of  the  perisso- 
dactyles,  six  species  (Hyrachyus)  pertain  to  a  persistent  type,  which  still 
exists,  while  eight  species  (Palceosyops,  LimnohyuSy  and  Orohi]^^)  com- 
bine the  characters  of  the  tapirs  with  the  bunodont  type  with  i>ower- 
ful  canine  teeth,  from  which  also  the  artiodactyla  omuivora  sprung. 
The  genera  marked  ^<  IncertSB  sedis"  are  all  or  nearly  all  generalized 
forms,  haying  affinities  to  the  group  in  question.  The  rodentia,  so  far 
as  known,  appear  to  be  more  or  less  similar  to  living  types.  Of  the 
Ibrty-five  species  of  Mammalia  enumerated,  at  least  twenty-eight  may  be 
regarded  as  generalized  in  a  high  degree,  while  hot  a  few  others  will 
probably  be  found  to  preseut  the  same  peculiarity  within  a  leaser  range 
of  variation. 

The  ordinal  characters  of  the  Eq^tilia  are  well  defined,  and  there  is 
nothing  known  among  Crocodilia  remarkably  distinct  from  those  exist- 
ing at  the  present  time.  The  same  may  probably  be  said  of  the  Laoer- 
tilia  and  Ophidia,  though  their  genera  are  not  so  well  known.  It  is  in 
the  tortoises  that  we  have  evidence  of  generalized  forms  again,  which 
only  relate,  it  is  to  be  noted,  to  the  subdivisions  of  the  order,  and  not, 
as  in  the  Mammalia,  to  other  orders.  Of  the  thirty-two  species,  ten  be- 
long to  typical  forms  now  existing, and  nine  {Trtonyx^  Dermatemys^  and 
Hadrianus)  to  forms  which  exist  or  closely  resemble  existing  genera, 
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but  which  are  somewhat  mixed  in  character.  Thirteen  represent  genera 
(Baeruij  Anostira^  FlastomenuSy  Axesttis)  which  are  extinct  and  general- 
ised in  character,  the  first  three  in  an  especial  manner,  as  has  been 
pointed  out. 

The  orders  of  the  fishes  are  equally  well  distinguished,  and  so  far  as 
known,  the  types  differ  only  in  minor  respects  from  those  at  present  in- 
habiting North  American  waters.  Generalized  types  are  unknown,  ex- 
cepting, perhaps,  in  the  very  highest  division.  (ErismatopteruSj  Asine- 
aps.) 

As  a  resalt  of  this  and  other  palseontological  investigations  conducted 
largely  in  North  America,  and  substantiated  by  those  in  other  countries, 
the  periods  of  establishment  of  the  existing  order  of  things  in  the  his- 
tory of  the  vertebrata,  may  be  stated  as  follows: 

The  recent  orders  of  fishes  were  in  existence  in  the  Cretaceous  period, 
and  probably  earlier.  Their  period  of  evolution  was  in  the  Devonian, 
and  perhaps  in  the  Carboniferous  periods.  The  existing  orders  of  rep- 
tiles were  all  established  in  the  Eocene;  the  period  of  evolution  was 
the  three.  Mesozoic  ages,  especially  the  Trias.  The  orders  of  birds  were 
inchoate  in  the  Cretaceous,  but  when  they  were  fully  differentiated  is 
unknown.  The  existing  orders  of  Mammalia  were  established  in  the 
Miocene  period ;  during  the  Eocene  they  were  in  process  of  differentia- 
tion and  were  less  or  scarcely  distinctly  defined. 

On  the  Phytogeny  of  the  Mammalian  Orders. — So  much  light  is  thrown 
on  this  subject  by  the  researches  into  the  structure  of  the  fossil  Mam- 
malia of  the  Eocene  formation,  that  it  seems  opportune  to  call  attention 
to  the  subject.  I  deem  it  demonstrated  to  a  certainty,  that  the  case 
with  the  mammals  of  this  formation  is  the  same  as  with  the  reptiles  of 
the  Trias,  i.  e.,  that  the  family  types  are  all  more  generalized,  and  the 
orders  not  nearly  so  widely  distinguished  as  in  later  periods  of  the 
world's  history. 

The  succession  of  later  forms  which  has  terminated  in  the  horse,  has 
been  clearly  pointed  out  by  Professor  Huxley,  as  well  as  the  line  which 
has  given  the  world  the  beautiful  order  of  the  Artiodactyla ;  but  the 
approximate  lineal  predecessors  of  the  Proboscidian  of  the  Ungulate 
animals  ns  a  whole,  of  the  Quadrumana^  (including  man;)  and  of  the 
Gamivora,  have  not  been  clearly  pointed  out. 

TMe  genus  Uobasileus  has  been  shown*  to  be  a  Proboscidian  which 
combines  some  important  features  of  the  Perissodactyla  with  those  of  its 
own  order,  thus  standing  in  antecedjBntrelation  to  the  elephants,  &c.,  of 
the  present  day.  The  number  of  such  characters  was  shown  to  be  some- 
what increased  in  Bathmodon^  which  therefore  stands  still  nearer  to  the 
common  point  of  departure  of  the  two  orders.  This  point  is  to  be  found 
in  types  nearer  the  clawed  orders,  (Unguiculata,)  in  the  number  of  their 
dijyits,  (4-5,)  ami  in  which  the  transverse  and  longitudinal  ci'ests  of  the 
molar  teeth  are  broken  up  into  tubercles  more  or  less  connected,  either 
tyi)e  of  dentitioi)  being  derived  according  as  such  tubercles  are  ex- 
panded transversely  or  longitudinally.  We  have  several  genera  which 
answer  this  description  so  far  as  the  teeth  are  concerned,  but  unfor- 
tunately the  digits  are  unknown ;  such  are  OligotomuSj  OrotheriuMy  &c. 
The  type  of  Tomitkerii^n^  already  described,  evidently  stands  between 
Lemurine  monkeys  and  such  small  allies  of  PaUeotheriidas,  with  conic- 
tubercular  teeth,  and  which  abound  in  the  Eocenes  of  Wyoming  and 
Prance.  The  dentition  of  the  two  types  is  indeed  but  little  different  in 
the  Qaadrnmanous  and  (Jugulate  types  respectively,  being  a  con  tin  u- 

*  On  the  short-footed  Uogulata  of  Wyoming,  p&ge  3. 
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oas  series  of  1. 2  or  3  j  C.  1,  P.  M.  3-4;  M.  3 ;  the  caaines  bat  moderatdy 
developed. 

A  comparison  with  I^asua  reveals  no  distant  affinity.  As  above  re- 
marked, the  fore-limb  presented  a  great  similarity  in  this  genus  and 
Tomitherium.  The  teeth,  though  less  numerous,  in  the  molar  series  have 
the  cutting  type  anterior  and  tubercnlar  posterior,  in  both  genenu 
Notharctusy  Leidy,  resembles  Naaua  still  more  than  does  Tomitherium^ 
and  occurs  in  the  same  Eocene  strata.  Professor  Leidy  originally  re- 
garded it  as  a  Carnivore,  and  subsequently  (Hay den's  Survey  Montana, 
1871)  placed  it  among  Ungulates.  He  was  probably  nearly  correct  on 
both  occasions,  and  that  only  a  technical  line  will  ultimately  decide 
whether  it  be  not  a  monkey. 

But  the  genus  which  associates  more  definitely  the  orders  CamiTora 
and  Quadrumana  is  the  GercolepteSy  which  F.  Cuvier*  placed  between 
the  two.  Its  two  cutting  premolars  and  three  true  molars,  with  the  co- 
ossified  rami  of  the  mandible,  are  truly  Quadrumanous  features,  although 
it  should  on  other  grounds  be  regarded  as  a  plantigrade  CarniTore. 
Several  of  the  extinct  genera  of  the  Wyoming  Eocene  will  prove  to  be 
allied  to  this  form. 

Cercoleptes  does  not,  however,  present  us  with  the  ultimate  original 
type  of  the  Carnivora.  Such  a  type  must  also  generalize  the  seals,  with 
their  longitudinal,  cone-bearing  molars,  and  fiat,  fissured  claws.  Some 
of  the  seals  also  unite  the  scaphoid  and  lunar  bones  later  in  life  than 
other  Carnivora  ;  hence  we  would  reasonably  look  for  the  division  of 
these  bones  in  their  predecessors.  The  fiat-clawed  genera  of  Wyomingt 
answer  these  demands.  The  genera  Mesanyx  and  Synoplotherium  pre- 
sent us  with  a  series  of  molar  teeth  which  repeat  each  other  in  form, 
are  compressed  below,  and  bear  conical  cusps.  The  jaws  in  the  latter 
genus  are  slender,  and  the  canines  tend  to  the  great  development  seen 
in  many  seals;  but  principally,  the  scaphoid  and  lunar  bones  are  dis- 
tinct, and  the  claws  fiat  and  widely  fissured.  The  tympanic  bone  is 
more  like  that  of  the  bear  and  some  seals,  than  that  of  the  digitigrade 
Carnivora.  These  genera,  though  probably  good  swimmers,  were  well 
removed  from  the  seals  in  the  structure  of  the  long  bones  of  the  limbs, 
and  were  probably  remote  in  their  ancestry. 

In  Oligotomioiy  Orotherium,  Hyopsodm^  and  similar  forms,  the  conic 
tubercles  have  a  slight  alternation,  and  the  posterior,  which  has  a  cres- 
centoid  section  in  wearing,  inclines  to  connection  with  both  the  inner- 
conic  tubercles  by  low  ridges.  These  ridges  are  fully  developed  in 
PalceoayopSy  so  that  we  have  a  dental  crest  of  two  Vs  in  the  inferior 
molars.  This,  in  wearing,  produces  the  two  crescents  of  FalcBotherium. 
The  addition  of  two  tubercles  on  the  inner  side  takes  place  in  the  higher 
forms,  which  terminates  in  the  four  crescent-bearing  molars  of  the 
Buminants.  How  this  is  done  is  best  proven  by  examples  from  the 
maxillary  teeth. 

In  Orotherium  va8a4)ci€n8e,  there  is  a  tendency  for  the  conic  tubercles 
to  be  connected  in  pairs  by  low  cross-ridges.  These  ridges,  fully  de- 
veloped, produce  the  two  cross-crests  of  Hyraohyus  and  Tapirug.  In 
Ehinoceriis,  the  outer  portion  retains  a  crescentoid  form,  giving  rise  to  an 
L-shaped  crest.  In  Bathmodan  diagonal  ridges  appear,  which  would 
result  in  two  Y's,  as  in  PalcBosyops^  were  it  not  that  both  transverse  and 
oblique  elements  of  the  posterior  Y  disappear,  leaving  but  one  such  in 


**  Dentes  des  mammifers,  p.  31. 

t  See  the  Flat-clawed  Carnivora  of  Wyoming,  by  £.  D.  Cope;  April,  1S73. 
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the  middle  and  posterior  part  of  the  mandibular  series.  In  Uintatheriwa 
the  diagonal  from  the  posterior  crest  never  appears,  leaving  a  trans- 
verse crest  and  a  V  on  the  true  molars. 

In  the  superior  molar  series,  the  exterior  flattening  of  the  exterior 
tubercles  may  proceed  so  far  as  to  give  crescentoid  sections  on  wearing, 
and  their  longitudinal  extent  may  be  such  as  to  cause  them  to  unite  at 
their  bases.    A  similar  succession  of  form  may  be  seen  in  the  inferior 
molars,  e.  ^.,  in  Ort>therium  syhatieum.    In  both  Palasonyops  and  Hyra- 
ckynsj  these  tubercles  (of  the  upper  molars)  are  confluent  into  two  Vs 
tmore  or  less  open)  when  unworn.    In  the  former,  and  in  Limnohym^  the 
inner  tubercles  retain  their  i)rimitive  conic  tubercular  form;  but  in 
Falieofherinm^  Ehinocerus  Lophiodonj  Hyrachyus^  and  TapiruSj  they  elon- 
gate transversely  so  as  to  meet  the  corresponding  outer  tubercles,  (now 
crests,)  forming  the  familiar  cross-crests  of  those  genera.    If  the  tuber- 
cles are  alternate,  they  produce  the  oblique  crest  of  Palcootlierium;  if 
opposite,  the  cross-crest  of  Tapirtia.    An  interesting  annectant  form  is 
seen  in   Orohippm  procyoninus,  where  the  two  intermediate  tubercles, 
which  separate  the  inner  cones  from  the  outer  V's  in  Limnohyus^  are  so 
develope<l  as  to  constitute  parts  of  an  incomplete  pair  of  transverse 
ridges,  which  disappear  in  front  of  the  bases  of  the  outer  Vs.    These 
represent  the  oblique  crests  6f  Palceotherium  and  Anchitherittm,  and  thus 
the  genus  Orohipptis  furnishes  a  stfition  on  the  line  from  Pakeosyops  to 
the  horses. 

If,  on  the  other  hand,  the  inner  tubercles  flatten  like  the  outer  on 
wearing,  we  have  the  quadricrescentoid  type  of  Anoplothetium  and  the 
Ruminants. 

But  it  is  important  to  observe  that  the  lower  types  of  Quadrtimana 
and  Carnivora  present  the  quadrituberculate  crown  with  tendency  to 
flattening  of  the  outer  tubercles,  as  seen  in  these  lowest  Ungulata.  In 
the  Oamivora  the  sectorial  tooth  is  produced  by  the  greater  flattening 
and  partial  confluence  of  the  outer  tubercles,  and  the  entire  loss  of  the 
inner,  the  "  heel ''  being  in  the  dogs  and  cats,  e,  (/.,  their  only  represent- 
ative. In  the  Quadrumanous  families,  including  man,  the  primitive 
quadrituberculate  type  of  molars  is  preserved,  the  flattening  of  the 
outer  tubercles  being  Anally  lost. 

It  is  to  be  observed  that  the  lines  of  Ungulata,  Quadrumana,  and  Car- 
nivora originate  in  plantigrade  types,  a  state  of  things  quite  predomi- 
nant among  the  lower  series,  or  lAssencephala.  ft  is  universal  in  Eden- 
tata and  very  usual  in  Bodentia  and  Insectivora.  The  lower  forms  of 
Marsupialia  and  n\\  of  thei-Monotremes  present  it.  In  the  Marsupials, 
Kodeiits,  Ungulates,  and  Carnivores,  we  have  series  whose  highest  ex- 
pression is  in  the  most  highly  digitigrade  genera. 

The  accompanying  diagram  is  designed  to  express  to  the  eye  more 
clearly  the  propositions  made  above.  By  comparing  it  with  a  similar 
table  published  by  Professor  Gill,  (Proceedings  of  the  American  Asso- 
ciation for  the  Advancement  of  Science,  for  1871,  p.  295,)  a  close  resem- 
blance between  the  two  may  be  observed,  as  well  as  certain  differences. 
I  wish  to  be  understood  that  the  genera  named  in  it  as  ancestors  are 
to  be  regarded  in  the  light  of  types  of  groups.  There  is  no  other  mode 
of  explaining  the  facts  than  that  in  accordance  with  the  law  of  ^^homo- 
logous groups,"  i.  c,  that  several  genera  of  one  group  have  undergone 
similar  modification  into  corresponding  ones  of  a  second  group.* 

*  See  Origin  of  Gtonera,  page  79,  Prop.  V. 
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Hyjena. 


?  PlNNIPEDIA.  FRUS. 


Cams. 


Hyetnodon. 


Ubsus.  Nasua. 


Homo. 


SiMJDA. 


Cbbub. 


Hapalr. 


Lemur. 


RUMINANTIA. 


Tragulub. 


Bquus. 


Hipparion. 


EUBPHAS. 


Anoplotiheriam.    An^ithenum,       IHtwikfefnm 


Omnivora. 


OrohippuB. 


SoVaaileoA. 


Synoplothenum.     Cercoleptbs.      Tonaitbcrium. 


?  Olisotomos. 


\ 


\ 


\ 


X 


\  NoTB.~Recent  genera  in  small  capitaia  ;  Miocene  in  itaUct;  and  Eocene  in  rmnaa. 

I 

Qn  the  phytogeny  of  ths  genera  of  Testudinata, — ^The  extinct  tortoises 
of  the  Cretaceous  aud  Eocene  throw  considerable  light  on  the  probable 
origin  of  various  existing  genera,*  aud  while  much  remains  obpcnre, 
the  following  observations  may  be  derived  from  the  study  of  the  forms 
in  question: 

The  order  makes  its  appearance  in  the  Triassic  period,  for  I  am  as- 
sured by  Dr.  F.  Endlich,  of  Beading,  Pennsylvania,  that  the  8i>ecie« 
obtained  by  Professor  Quenstedt  in  Wtirtemburg  belong  undoubtedly 
to  the  Testudinata,  With  their  special  structure  we  are  not  yet  fully 
acquainted.  A  number  of  genera  appear  in  the  Jurassic,  and  there  is 
a  successive  increase  in  the  number  of  species  in  the  Cretaceous  and 
Tertiary  formations.  Three  structural  features  of  importance  mark  the 
earlier  tbrms.  First,  the  incomplete  union  and  ossification  of  the  ele- 
ments of  the  plastron  and  carapace ;  second,  the  reduction  in  size  of 
the  lobes  of  the  plastron;  third,  the  natatory  character  of  the  pha- 
langes, by  their  truncation  and  union  in  a  single  plane.  Genera^  re- 
taining some  or  all  of  the  peculiarities,  persist  to  the  present  day ;  but 
the  ossified  types,  with  distinct  digits,  are  far  more  abundant-,  and  are 
comparatively  rare  in  the  period  of  the  Jura.  SphargiSj  which  is  witb- 
out  carapace  and  has  a  greatly  reduced  plastron,  may  be  regarded  as 
nearest  the  primitive  types  of  the  order,  though  it  still  exists.  Protm- 
tega,  of  the  Kansas  Cretaceous,  is  its  nearest  extinct  ally  known.  Fro- 
tostega  is  superior  in  the  w^U-developed  marginal  bones,  and  prepares 
the  way  for  consideration  of  the  various  genera,  with  incomplete  shields 
of  the  present  period  .(Chelone)  or  of  the  Jurassic;  the  former  possess- 
ing the  natatory  extremities,  some  of  the  latter  assuming  a  terrestrial 
modification  of  limbs.  Those  with  ambulatory  limbs  lead  us  at  onee 
to. the  existing  Chelydra^  the  closing  of  the  sternal  fontanelles  being  ac- 
companied by  a  contraction  of  its  extent,  in  respect  to  the  bridges  and 
lobes.  In  Propleura  of  the  Cretaceous  we  have  a  state  of  things  inter- 
mediate'«bet  ween  some  of  the  Jurassic  genera^  as  Idiochelys  and  CheUmc 


*  See  on  the  Extinct  Tortoises  of  the  Cretaceous  of  New  Jersey ;    ProceediiigB 
Amer.  Assoc.  Adv.  Science.  1871,  p.  344. 


GEOLOGICAL  SURVEY  OF  THE  TERRITORIES. 


649 


These  genera  had  a  Common  origin  near  the  Jurassic  predecessor  of 
Frotostega. 

Trianyx  appears  to  represent  another  point  of  departure.  Its  plastron 
presents  a  grade  of  development  near  to  that  of  Fropleuraj  and  its  nine 
costal  bones  have  a  similar  significance.  Its  haif-ossified  carapace, 
wanting  the  marginals,  is  inferior.  Its  peculiar  sculpture  is  seen  in  the 
Eocene  Anostiraj  (which  is  much  like  CJielydra  in  form,)  and  in  Adocus 
of  the  Cretaceous,  which  adds  Ohelydrine  and  Pleurodire  characters  in 
a  remarkable  manner.  It  is  closely  joined  by  PkistamenttSy  which  is  in 
tarn  near  to  Anostira. 

The  Jurassic  genus  Aplax  Myr.,  is  nearly  as  deficient  in  ossification 
of  carapace  and  plastron  as  Protostega^  and  is  allied  to  the  Ghelydrid 
series,  which  existed  cotemporaneously  and  during  the  Cretaceous. 
Idiochelys  represents  a  rather  more  advanced  form,  with  distinct  mar- 
ginal bones,  and  with  affinities  to  Chelydra  of  a  decided  chanicter.  It 
was  probably  its  ancestor.  Allied  to  it  we  have  such  forms  as  Adocus 
and  Ecpiia,  which,  while  furnished  with  fully  ossified  shell,  still  present 
the  contracted  form  of  plastron  seen  in  Idiochelys  and  Chelydra^  and 
several  points  of  affinity  to  the  Pleurodire  series.  From  spme  common 
ancestor  of  these  sprang  also  the  true  Pleuroderes  of  the  Cretaceous, 
as  Tapkrosphys;  while,  by  the  omission  of  most  of  the  tendencies  to- 
ward that  series,  we  have  the  genus  of  Umydidce  near  to  Adocus, 
Dermatemys.  From  this  point  we  pass  to  true  Emydidce^  and  thence,  by 
the  loss  of  a  series  of  phalanges,  to  Testudo.  From  Taprosphys  we  pur- 
sue the  Pleurodire  series  to  the  similarly  modified  type,  Felomedusa, 

The  accompanying  table  expresses  the  relations  indicated,  supposed 
to  be  genetic,  and  in  accordance  with  the  theory  of  evolution : 


TRSTUDINID.E. 


Emydidce. 


Dermatemys. 


JtcenidtB. 


PSLOMBDUaiDA. 


Htdrastididjb. 


Podocnemidldae. 


A  d  o  c  i  (1  a  e. 


(Jheloniidtz. 


AnoiHra.  ChelydridwB.     Chclonides (f)    Propleuridae 


Plattomenfis. 


SpnABGJDiDA.    Protostegidae.    Trionyctidae. 


AplncidoB. 


^OTB— JoTMsic  types  in  romon ;  Cretaceoaa  to  recent,  spaced;  Eocene  to  recent,  italiet ;  "Miocev.e 
to  recent,  small  capitalb. 
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ON  REMAINS  OF  PRIMITIVE  ART  IN  THE  BRIDGER  BASIN  OF 

SOUTHERN  WYOMING. 

By  Professor  Joseph  Leidy. 

Fort  Bridger  occupies  a  position  in  the  midst  of  a  wide  plain  at  the 
base  of  the  Uintah  Mountains,  and  at  an  elevation  of  upward  of  6,000 
feet  above  the  sea-level.  The  neighboring  country,  at  a  remote  geolog- 
ical period,  appears  evidently  to  have  been  occupied  by  an  immense 
fresh-water  lake,  and  the  ancient  lake-deposits  now  form  the  basis  of 
the  region.  These  deposits  have  been  subjected  to  a  vast  amount  of 
erosion,  resulting  in  the  production  of  deep  valleys  and  wide  basins, 
which  are  traversed  by  Green  I^iver  and  its  tributaries.  From  the 
valley  of  Green  Eiver,  the  ancient  lake-deposits  rise  in  succession  as  a 
series  of  broad  table-lands,  or  terraces,  and  narrower  flat-topped  hills, 
which  extend  to  the  ilanks  of  the  surrounding  mountains. 

The  snows  of  the  Uintah,  Wahsatch,  and  other  mountain-ranges  are 
a  never-failing  source  of  supply  to  the  principal  streams;  but  most  of 
the  lesser  branches,  dependent  for  their  supply  on  the  winter  snows  of 
the  lower  hills  and  plains,  completely  dry  up  on  the  advance  of  summer. 

The  country  for  the  most  part  is  treeless,  and  destitute  even  of  large 
shrubs,  except  along  some  of  the  water -courses  and  in  some  of  the 
narrower  valleys.  At  a  greater  elevation  the  higher  foot-hills  and 
flanks  of  the  Uintah  Mountains  are  covered  with  a  dense  forest  growth, 
from  which  the  rocky  summits  of  the  latter  project,  as  bare  of  vegeta- 
tion as  the  plains  below. 

The  elevation  of  the  Bridger  Basin  and  the  very  little  rain-fall  of  the 
region  are  conditions  unfavorable  to  a  luxuriant  vegetation.  The  prin- 
cipal growth  of  the  plains  consists  of  sage-bushes,  (Artemisia  tridentata,) 
intermingled,  however,  with  many  other  less  abundant,  and,  in  proper 
season,  bright-flowered  plants.  Wide,  bare,  path-like  intervals  sepa- 
rate the  bushes,  or  the  interspaces  are  occupied  by  scanty  grasses. 

The  flat-topped  hills  or  table-lands  arising  from  the  valleys  and 
extended  plains,  independent  of  the  higher  mountain-ranges,  form  the 
most  characteristic  feature  of  the  landscapes  in  Southern  Wyoming. 

The  flat-topped  hills  or  terraces,  worn  into  all  9orts  of  shapes,  some- 
times appearing  in  the  distance  as  extensive  fortiflcations,  at  others  as 
great  walled  cities,  huge  castles,  pyramids,  mounds,  &c.,  are  familiarly 
known  under  the  name  of  buttes.  This  word  is  of  French  origin,  and 
signifles  a  bank  of  earth  or  rising  ground.  Similar  features  under  simi- 
lar conditions  are  frequent  in  many  parts  of  the  continent  west  of  the 
Mississippi. 

The  buttes  in  the  neighborhood  of  Fort  Bridger  are  composed  of 
nearly  horizontal  strata  of  various  colored  indurated  clays  and  sand- 
stones. In  most  localities  visited  by  the  writer  the  clays  predominate, 
and  are  usually  greenish,  grayish,  ash-colored,  and  brownish.  When 
anexposed  they  are  compact,  homogeneous,  and  of  stony  hardness.  In 
composition  they  vary  from  nearly  pure  clay  to  such  as  are  highly 
ftrenaceoos,  and  gradate  into  those  in  which  sand  largely  predominates. 
Exposed  to-  atmospheric  agencies  they  readily  disintegrate,  and  the 
declivities  of  the  buttes,  generally  destitute  of  vegetation,  are  usually 
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invested  with  crambling  material  from  a  few  inches  to  a  foot  or  more  in 
depth. 

The  sandstones  are  more  frequently  of  various  shades  of  green,  but  are 
also  yellowish,  and  pass  into  shades  of  brown.  They  are  compact  aud 
hard  when  unexposed  to  the  weather,  and  are  nsnally  finegrained, bat 
also  occur  of  a  gravelly  character.  Disintegrating  less  rapidly  than  the 
contiguous  clays,  masses  are  often  seen  resting  upon  narrow  cones  of 
the  latter,  contributing  greatly  to  the  picturesque  and  ofttimes  fantastic 
appearance  of  the  buttes. 

The  buttes  in  some  localities  contain  beds  of  impure  limestones, 
highly  calcareous  clays,  and  harder  siliceous  clays.  In  others  they  con- 
tain thin  seams  of  fibrous  arragonite,  brown  and  striped  jaspers,  flint, 
mid  not  unfrequently  nodules  of  agate  and  chalcedony.  Many  of  the 
table-lands  and  lesser  buttes  in  the  vicinity  of  the  Uintah  Mountains 
are  thickly  covered  with  drift  from  the  latter,  consisting  of  gravel  aud 
bowlders  of  red  and  gray  compact  sandstones  or  quartzites.  The 
bowlders  are  gernerally  small,  but  assume  larger  proportions  approach- 
ing the  Uintahs.  In  many  cases  the  drift  completely  covers  the  battes, 
descending  upon  the  declivities  so  as  entirely'  to  conceal  their  structure. 
Usually,  however,  it  is  accumulated  in  the  ravines  of  the  declivities, 
leaving  bare  the  intervening  ridges  of  light-colored  clays  and  sand- 
stones. 

Many  buttes  in  other  localities  are  nearly  or  quite  free  from  drift 
materials.  Others,  again,  are  strewn  with  more  or  less  angular  frag- 
ments of  rock,  consisting  of  the  harder  materials  from  the  terraces 
themselves,  and  these  likewise  occur  with  the  mingled  drift  from  the 
mountains.  In  some  localities  the  stones  strewn  over  the  lower  battes 
aud  plains  are  broken  and  flaked  in  such  a  manner  as  in  many  cases  to 
assume  the  appearance  of  rude  works  of  art.  With  them  there  are 
mingled  implements  of  art  of  the  rudest  construction,  together  with  a 
few  of  the  finest  finish.  In  some  places  the  stone  implements  are  so 
numerous,  and  at  the  same  time  are  so  rudely  constructed  that  one  is 
constantly  in  doubt  when  to  consider  them  as  natural  or  accidental  and 
when  to  view  them  as  artificial.  Some  of  the  plains  are  so  thickly 
strewn  with  the  natural  and  artificial  splintered  stones  that  they  look 
as  if  they  had  been  the  battle-fields  of  great  armies  during  the  stone 
age. 

Etepresentations  of  a  few  of  the  flaked  stones  are  given  in  Pigs.  1 
to  12.  These  with  little  doubt  may  be  viewed  as  rude  implements  of 
art.  The  vast  numbers  of  similar  stones  to  be  found  on  the  buttes  and 
plains  near  Fort  Bridger,  and  their  gradation  to  undoubted  accidental 
fragments  with  which  they  are  mingled,  alone  renders  it  improbable 
that  they  should  be  considered  as  such. 

The  splintered  stones,  including  the  implements  of  art,  appear  greatly 
to  differ  in  age.  Some  of  the  specimens  of  black  and  brown  and  striped 
jaspers,  and  of  black  flint,  resembling  the  chalk  flint  of  Europe,  are  as 
sharp  and  fresh  in  appearance  as  if  they  had  been  but  recently  broken 
from  the  parent  block.  Others  are  worn,  and  have  their  shar])  e<lges 
removed,  and  are  so  deeply  altered  in  color  as  to  look  exceedingly 
ancient.  Thus  some  of  the  specimens  composed  of  brown  or  black 
iasper  have  the  surface  of  a  dull,  chalky  aspect  extending  to  the  depth 
of  the  fourth  of  an  inch. 

The  question  arises  who  made  the  stone  implements  and  when,  and 
why  should  they  occur  in  such  great  numbers  in  the  particular  localities 
indicated. 

My  friend,  Dr.  J.  Van  A.  Carter,  residing  at  Fort  Bridger,  and  well 
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acquainted  with  the  langaage,  history,  manners,  and  customs  of  the 
neighboring  tribes  of  Indians,  informs  me  that  they  know  nothing 
about  them.  He  reports  that  the  Shoshones  look  upon  them  as  the  gift 
of  God  to  their  ancestors.  They  were  no  doubt  made  long  ago,  some 
probably  at  a  comparatively  late  date,  that  is  to  say,  just  prior  to  com- 
munication of  the  Indians  with  the  whites,  but  others  probably  date 
centuries  back.  Their  great  numbers  in  particular  localities  may  per- 
haps be  accounted  for  from  the  circumstances  that  the  neighboring 
bnttes  may  have  been  especially  the  places  resorted  to  for  the  materials 
of  which  the  implements  are  made,  and  the  ruder  ones  were  perhaps 
ca^t  aside.  The  decomposition  of  the  surface  of  some  of  the  jasper 
and  flint  specimens  may  be  looked  upon  as  indicative  of  considerable 
age,  though  this  change  may  have  taken  place  more  rapidly  than  ordi- 
narily, from  the  action  of  alkaline  matters  with  which  the  soil  of  the 
country  is  often  much  imbued. 

In  an  excursion  to  Grizzly  Buttes,  about  ten  miles  from  Fort  Bridger, 
I  observed  what  appeared  to  be  the  remains  of  the  ba^iu  of  a  large 
pond  or  lake.  The  surrounding  buttes  were  low  mounds,  the  remains 
of  the  once  more  elevated  boundaries  to.  the  supposed  lake.  Upon  the 
edges  of  this  I  noticed  numerous  spawls  of  stone,  and  among  them  a 
namber  of  well-finished  stone  arrow-heads.  They  appeared  to  me  to  be 
the  traces  of  a  people  who  once  camped  on  the  shores  of  the  lake,  which, 
perhaps,  has  been  drained  for  some  centuries. 

The  Indians,  in  seeking  a  site  for  their  temporary  or  more  perraancHt 
abodes,  would  naturally  select  places  where  there  was  a  supply  of  water 
and  fuel,  as  well  as  of  game.  In  repeated  instances,  after  traversing  a 
desert  waste,  I  have  been  led  to  look  upon  some  sheltered  valley,  or  a 
hollow  in  the  hills,  green  with  vegetation  and  furnished  with  a  spring 
of  water,  as  having  been  formerly  occupied  by  Indian  lodges,  and  in  all 
eases  the  view  was  confirmed  by  "the  discovery  of  a  number  of  charac- 
teristic stone  implements. 

In  this  relation  I  may  take  the  opportunity  of  speaking  of  a  stone 
implement  of  the  Shoshone  Indians,  one  of  so  simple  a  character  that 
had  I  not  observed  it  in  actual  use  and  had  noticed  it  among  the  mate- 
rials of  the  buttes,  I  would  have  viewed  it  as  an  accidental  si)awl.  It 
consists  of  a  thin  segment  of  a  quarteite  bowlder,  made  by  striking  the 
stone  with  a  smart  blow.  The  implement  is  represented  in  Fig.  13, 
and  is  circular  or  oval,with  a  sharp  edge,  convex  on  one  side  and  flat  on 
the  other.  It  is  called  a  "  teshoa,"  and  is  employed  as  a  scraper  in 
dressing  buflalo-skins.  By  accident  I  learned  that  the  implement  is  not 
only  modern,  as  I  obtained  one  of  the  same  character,  together  with 
some  perforated  tusks  of  the  elk,  from  an  old  Indian  grave,  which  had 
been  made  on  the  upper  part  of  a  bntte,  and  had  become  exposed  by 
the  gi*adual  wearing  away  of  the  latter. 

The  perforated  tusks  of  the  elk  are  also  a  subject  of  some  interest  in 
connection  with  the  history  of  primitive  man.  The  tusks  are  worn  in 
the  form  of  a  necklace,  as  ornamental  trophies,  by  the  Shoshone  and 
other  Indians  of  the  West.  In  a  recent  number  of  the  American  Jour- 
nal of  Science  and  Art  for  1872,  in  a  notice  "On  fossil  man  of  the  cav- 
ern of  Brouss6-rouss6,  in  Italy ,^  it  is  stated  that  besides  a  human  skull 
associated  with  the  bones  of  many  extinct  animals,  there  were  also 
found  several  flint  knives  and  a  number  of  perforated  canines  of  the 
stag.  It  would  thus  appear  that  primitive  man  in  Europe  as  well  as  in 
this  country  used  the  same  kind  of  ornaments,  as  he  did  the  same  kind 
of  stone  implements. 

Fig.  14  represents  one  of  the  perforated  canines  or  tusks  of  the 
elk,  found  in  the  Indian  grave  as  above  indicated. 
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ANCIENT  MOUNDS  OF  DAKOTA. 


By  C.  THOiiASy  Ph.  D. 

While  at  the  NortberD  Pacific  crossing  of  James  Biver,  in  Dakota 
Territory,  during  the  past  sammer,  I  was  informed  by  the  officers  of  the 
military  post  at  that  place  that  there  were  some  mounds  in  the  vicinity 
Tvbich  were  supposed  to  be  artificial. 

Colonel  Burke,  who  was  in  charge  of  the  post,  very  kindly  consented 
to  allow  several  soldiers  and  some  Sioux  scouts,  who  were  willing  to 
accompany  us  to  assist  in  opening  one  of  these  to  test  the  correctness 
of  this  opinion  ;  and  General  H.  W.  Thomas,  who  took  great  interest  in 
the  subject,  agreed  to  conduct  the  operations. 

These  mounds  are  situated  on  a  high  prairie  east  of  Pipestone  Creek, 
about  two  miles  southeast  of  Jamestown,  near  the  bluff  which  over- 
hangs the  narrow  valley  of  the  creek.  The  position  is  a  commanding 
one  overlooking  a  large  extent  of  country  toward  the  north  and  west, 
but  to  the  south  and  east  the  prairie  rises  a  little  higher  than  at  this 
point,  but  between  this  point  and  the  higher  ground  in  the  latter  direc- 
tion there  is  a  broad  slight  depression. 

The  three  mounds  in  this  group  are  situated  in  relation  to  each  other 
as  represented  in  the  annexed  wood-cut,  and  are  connected  with  each 
other  by  low  ridges,  evidently  the  remains  of  walls  of  some  kind. 
A,  the  central  mound,  is  the  largest,  being  about  210  feet  in  circum- 

Pig,  j5.  ference  at  the  base,  as  I  judged 

by  carefully  pacing  it;  it  is 
about  8  feet  high  in  the  cen- 
ter, the  top  having  evidently 
been  worn  down  considerably 
by  the  wind,  rain,  &c.,  and 
the  material  deposited  around 
the  base  perhaps  slightly  en- 
larging its  original  circumfer- 
ence. A  badger-hole  entered 
near  the  apex,  penetrating  it 
obliquely  some  4  or  5  feet. 
Bj  situated  to  the  southwest 
. '  of  J.,  about  144  feet  distant, 
is  nearly  as  large  as  the  lat- 
ter, and  apparently  similar  in 
every  respect  except  that  it 
appears  to  be  more  worn  and  not  quite  so  regular  in  its  outlines. 

C,  the  third,  is  situated  about  36  feet  almost  directly  east  of  A,  and 
18  about  half  the  size  of  that  mound. 

D  and  E  are  the  low  ridges  connecting  these  mounds ;  they  are  about 
15  to  18  feet  broad,  and  from  2  to  3  feet  high.  Another  broad  and 
somewhat  indistinct  ridge,  marked  F  in  the  cut,  runs  southeast  from 
A,  fading  out  at  the  distance  of  about  400  feet. 

Oommencing  on  the  north  side  of  A  at  (?,  we  made  an  opening  about 
3  feet  wide  and  extending  a  little  beyond  the  center.  About  2  feet  from 
the  surface,  near  the  center,  we  began  to  find  human  bones  and  the  bones 
or  an  animal,  apparently  those  of  the  buffalo  j  the  remains  of  only  one 
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or  two  individaals  were  found  here.  Below  these  a  few  rocks,  bat  by  no 
means  regalarly  placed,  were  found ;  next  we  came  upon  the  remains 
(human)  of  a  number  of  individuals,  at  which  point  we  ceased  opeTatioD& 
Some  six  or  seven  individuals  were  disinterred.  There  did  not  appear 
to  be  any  great  regularity  as  to  the  position  of  the  skeletons ;  in  one 
cane  the  face  was  upward,  two  on  the  side,  and  one  perpendicular, 
(though  in  this  instance  the  body  did  not  conform  to  the  position  "of  the 
skull.)  In  most  cases  the  heads  appear  to  be  toward  the  south.  Ov& 
the  bodies  there  was  a  layer  of  some  hard  mixture,  much  like  mortar, 
containing  a  white  or  ashy  substanise  resembling  the  alkaline  deposits  of 
this  section.  Mingled  with  the  bones  near  the  top,  as  before  stated, 
were  those  we  supposed  to  be  of  the  buffalo ;  a  beaver-tooth  was  also 
found,  but  no  implements  of  any  kind  were  obtained ;  yet.  as  we  did  not 
go  to  the  bottom,  we  could  not  say  there  were  none  there.  Some  bones 
of  small  animals  were  found  near  the  surface,  but  these  had  evidently 
been  carried  into  the  badger-hole. 

The  Sioux  scouts,  who  were  full-blood  and  unable  to  speak  English, 
showed  no  disgust  or  hesitancy  at  the  work,  handling  the  bones  with- 
out objection,  and  when  asked  if  they  knew  anything  about  these  mounds 
shook  their  heads  in  reply. 

The  layer  of  hard  ash -colored  earth  is  somewhat  difficult  to  account 
for  unless  we  suppose  fires  were  kindled  here  after  the  bodies  wei-e 
buried  and  covered,  for  funeral  rites  or  some  other  purpose. 

We  dug  into  and  for  some  distance  along  the  middle  of  the  ridge  or 
embankment  2>,  but  could  discover  nothing  to  indicate  that  it  had  ever 
been  more  than  a  simple  dirt  embankment  or  wall,  possibly  of  sod,  :us 
we  often  see  the  settlers  of  the  present  day  make  in  these  western  prairies. 

As  I  have  not  studied  these  ancient  remains  of  the  former  inhabitants 
of  this  country,  and  do  not  desire  to  speculate  in  regard  to  them,  I  take 
l)leasure  in  adding  the  following  notes  furnished  by  General  Thoiniu> 
respecting  these  and  some  other  mounds  he  opened  in  this  section  pre- 
vious to  my  arrival: 

*^  Lewis  and  Clarke  reported  seeing  Indian  mounds  1,000  miles  above  the  confiucuce 
of  the  Mississippi  and  Missouri,  but  this  report  is  not  veriiied/'  So  says  Mr.  John  D. 
Baldwin,  A.  M.,  in  his  work  entitled  "Ancient  America."  ^ 

I  now  and  here  propose  to  contribute  my  mite  toward  the  verification  of  the  state- 
ment of  Lewis  and  Clarke. 

The  few  men  whom  duty  or  wild  inclination  have  from  time  to  time  bronght  into 
this,  for  the  most  part,  uninhabited  region  of  treeless  prairie,  have  all  known  of  the  exisi- 
euce  of  thousands  of  artificial  mounds.  What  was  in  them  they  knew  not,  and  but  two  or 
three,  to  my  knowledge,  have  ever  been  opened.  On  August  16,  1872,  I  opened  one  on 
the  high  table-lands  that  spread  out  on  both  sides  of  a  little  stream  called  the  James. 
The  ]X>int  is  about  47°  north  latitude,  and  98°  38'  longitude  west  from  Greenwich.  It  is 
within  threemiles  of  the  lineof  the  North  Pacific  Railroad.  The  mound  is  circular  in  form. 
:U)^  feet  in  its  shorter,  and  35/^,  feet  in  its  -longer  diameter,  and  five  feet  high.  I 
opened  four  trenches,  three  fetH  wide,  from  the  outer  edge,  meeting  in  the  center, form- 
ing a  cioss  when  finished.  I  then  excavated  the  entire  mound  from  the  center  out- 
ward, until  there  was  nothing  more  to  find.  For  results  I  had  several  two-bushel  bags 
fnll  of  bones,  eight  skulls,  many  pieces  of  skulls  too  small  to  be  of  value,  ^there  must 
have  been  at  lea^t  twenty-five  bodies  buried  there,)  a  rough-hewn  stone  10  inches  high 
and  5i  inches  in  diameter,  in  shape  resembling  ^^  closely  a  conical  shell,  a  cntiini; 
half  an  inch  deep  around  the  center,  thus,  ^K  (This  was  evidently  tied  with 
thongs  to  a  stout  handle,  and  used  in  pulveriz  ^B  ing  their  maize.)  A  portion  of  * 
shell  necklace,  two  flints,  two  heads  of  beaver,  and  some  bones  of  animals  au- 
kuown,  and  a  large  quantity  of  bivalves,  much  like  the  clam  (Mya  oblongata)  of  our 
Atlantic  coast,  but  thicker,  and  the  interior  surface  much  more  pearly. 

Is  this  mound,  and  its  thousands  of  duplicates  all  oyer  this  country,  the  work  of  tbe 
present  race  of  Indians,  or  is  it  not? 

1.  The  Indians  here  and  their  habits  have  been  known  for  some  eighty  years.  Thty 
always  have  buried  their  dead  in  trees  and  on  slight  and  inaecore  scaffoldings,  and  Hnt^ 
never  meddle  with  them  afterward. 

2.  I  had  two  Sioux  Indians  (mounted  scouts)  with  me.    I  made  them  help  dig- 
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They  had  not  the  sliffhteet  objectioU)  were  full  of  curiosity,  and  said  they  knew  nothing 
of  ^ho  was  buried  there.  Had  these  been  their  ancestors,  tradition  would  have  pre- 
eerred  the  fact.  They  take  any  meddling  with  their  dead  in  high  dudgeon,  as  was 
instanced  lately.  A  surgeon  at  a  neighboring  post  took  the  body  of  a  little  papoose  off  a 
scaffold  wliere  it  lay.  The  tribe  pursued  him,  represented  themselves  as  outraged, 
and  the  post  commander  wisely  ordered  it  given  up.  If,  then,  mounds  had  been  the 
burial-places  of  the  ancestors  of  the  present  Indians,  they  would  have  known  it  and  cer- 
tainly pbjected  to  the  desecration.  Two  half-breeds  also  rode  up,  watched  me  some 
time  with  the  greatest  curiosity,- said  they  knew  nothing  of  these  mounds,  and  finally 
xode  away  on  their  little  Indian  ponies,  their  long  lariats  of  nntanned  buffalo-hide 
trailing  behind  them  on  the  ground,  and  examined  with  unfeigned  curiosity  other 
neighboring  mounds.    They  had  evidently  received  a  new  revelation  as  to  them. 

Again,  the  Dakotas  or  Sioux  are  supposed,' on  good  authority,  to  be  a  branch  of  the 
Iruqnois.  This  tribe  and  their  habits  have  been  known  ever  since  the  eastern  coast  of 
North  America  was  discovered  and  settled,  and  we  hear  of  no  such  custom  among 
them. 

3.  The  mounds  and  their  contents  are  apparently  of  great  antiquity.  They  are,  in 
every  case,  on  the  very  highest  point  ih  their  imme<liate  neighborhood,  and  perfectly 
drained.  The  climate  is  excessively  dry;  so  dry  that  the  James  River  is  entirely  dry 
at  a  point  about  500  feet  above  the  contemplated  railroad-bridge  across  the  river.  Not- 
withstanding this,  many  of  the  bones  crumbled  into  white  dust  on  being  brought  to 
the  air,  like  those  found  in  Hercnlaneum  and  Pompeii,  and  it  was  absolutely  impossi- 
ble to  get  out  a  single  one  in  anything  like  perfection.  Around  and  over  these  bodies 
stones  and  8;icks  were  placed,  doubtless  to  preserve  the  remains  from  the  coyote  and 
the  fox.  The  wood  could  be  rubbed  into  fine  yellow-brown  dust  between  the  thumb 
and  forefinger.  Any  trace  of  excavation  around  the  mound  for  dirt  to  heap  it  with 
had  been  entirely  obliterated.  The  upright  position  of  the  skulls  also  indicated  that 
the  bodies  were  buried  in  a  sitting  posture.  The  leg-bones,  however,  lay  lower  and 
horizontal. 

4.  The  number  of  mounds  indicates  a  denser  population  than  ever  has  been  known 
here,  or  than  the  natural  resources  of  this  region  can  now  support  by  the  chase.  At 
the  same  time  the  number  of  dry  lakes  scattered  all  over  would  indicate  that  at  Boibe 
remote  period  the  country  may  have  been  a  better  one  than  now,  and  supported  a 
larger  population. 

5.  The  crowning  argnment,  however,  comes  with  the  skull.  It  is  unlike  that  of  any 
human  being  to-day  alive  on  this  continent ;  the  frontal  bone  being  low,  receding, 
growing  narrow  and  pinched  from  the  brows  up ;  the  top  of  the  head  depresseil  in  the 
center.  The  cavity  of  the  cranium  is  full  seven  inches  long,  and  a  scant  four  and  a 
half  inches  wide.  The  orbital  hdses  or  eyebrows  are  excessively  developed,  like 
those  of  the  great  Gibbon  monkey.  In  fact  the  whole  skull  resembles  that  of  the  great 
Gibbon  monkey.  The  malar  or  cheek  bones  run  down  very  low  and  deep  toward  the 
lower  jaw,  are  set  very  far  to  the  front,  and  are  not  wide  at  top,  bat  widen  very  much 
toward  the  bottom.  The  nose,  and  here  is  the  anomaly,  is  much  more  aquiline  than 
that  of  the  Indian.  The  superior  maxillary  is  one-third  deeper  and  much  more  promi- 
nent than  the  Indian's.  The  inferior  maxillary  is  of  uncommon  prominence,  depth,  and 
power  far  exceeding  that  of  the  Indian.  The  month  is  narrow  and  long,  more  dog- 
ahaped  than  the  Indian's.  The  foramen  magnum  or  aperture  at  base  of  skuli,  where  the 
spinal  cord  enters  the  head,  is  peculiarly  small.  The  condyloid  processes  are  full,  oblong, 
flat  on  the  working  surfaces,  and  at  such  an  angle  as  to  set  the  head  upward  and  back 
more  than  any  race  we  know  to-day  on  this  continent.  Set  one  of  these  skulls,  with- 
out the  lower  Jaw,  on  the  table,  and  a  line  drawn  from  the  upper  jaw  perpendicularly 
npward  would  be  a  good  inch  and  a  half  in  front  of  the  forehead.  Set  on  the  lower 
jaw  and  it  would  be  two  inches.  Mr.  R.  D.  Guttgisal,  formerly  an  engineer  on  the 
Mexican  Central  Railroad,  in  connection  with  some  friends,  opened  a  mound  at  Chi- 
hnahaa,  on  the  line  of  that  railroad.  The  skulls  resembled  those  I  have  described  (so 
he  informs  me)  in  every  particular.  He  especially  remembers  the  somewhat  bird- 
shaped  head,  and  the  excessively  small /oramea  vnagnum.  The  bodies  were  not  interred 
horizontally  there,  but  leaning  backward  as  if  in  a  rocking-chair.  Professor  H.  H. 
Smith,  University  of  Pennsylvania,  has  one  of  the  skulls. 

On  the  east  bank  of  the  James,  three  miles  from  the  mound  described,  is  one  four 
or  five  times  as  large.  A  heavy  embankment,  some  12  or  15  feet  wide  by  3  high, 
mus  nearly  southwest  150  feet,  connecting  it  with  another  mound.  There  is  also 
another  embankment  at  right  angles,  running  southeast  about  400  feet,  growing  flatter 
until  lost  in  the  prairie. 

Accompanied  by  Professor  Cyrus  Thomas,  of  the  United  States  geological  survey, 
under  Dr.  F.  V.  Hayden,  I  opened  one  of  these  mounds,  at  the  end  of  August,  1872, 
and  found  the  same  kind  of  skulls,  similarly  disposed  in  all  respects.  The  whitish 
color  of  the  superincumbent  earth  astonishe<l  the  professor,  who  is  inclined  to  the 
opinion  that  funeral  rites  were  celebrated  here.  He  was  unable  to  account  for  the 
peculiar  character  of  this  rich  earth  and  the  ash-colored  layer  on  any  other  hypothesis. 
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We  cut  throuti^h  one  of  the  embankments,  and,  taming  a  right  angle,  followed  it  op 
along  its  center  sniflciently  to  satisfy  ns  that  it  contained  no  human  remains. 

Who,  then,  were  these  northern  moand-bnilders  f  This  question  mast  be  answered 
by  those  abler  than  I.  I  cannot  refrain  hazarding  the  opinion,  however,  that  tiier 
were  an  offshoot  of  the  mound-bnilders  whose  larger  works  are  seen  as  fur  north  ai 
Northern  Ohio  at  least ;  that  they  deteriorated  centnry  after  century  in  this  banco 
northern  section,  until  they  became  the  people  their  skalls  show  them  to  harve  finally 
been ;  and  so  poor  that  a  nint-headed  weapon,  a  shell  necklace,  and  a  stone  for  grind- 
ing their  food,  were  all  their  starving,  surviving  relatives  could  afibrd  them  on  thdr 
sorrowful  journey  to  the  spirit  land. 

H.  G.  THOMAS, 
Captain  TiccnHeth  Infantry ^  Brer.  Brt^.  Gtn.  U.  S.  A, 


I>^IIT   III 


SPECIAL  REPORTS 


I 
ON 


•ZOOLOGY    AND    BOTANY. 


REPORT  ON  THE  MAMMALS  AND  BIRDS  OF  THE  EXPEDITION. 

By  C.  H.  Mersiam. 

8iB:  I  take  pleasare  in  presenting  my  report  on  the  mammals  and 
binis  collected  daring  the  past  season  for  publication  in  your  report. 

I  desire  to  tender  my  thanks  to  Mr.  S.  W.  Jaycox  for  his  assistance 
in  the  collections.  I  collected,  from  the  5th  to  the  21st  of  June,  one 
hundred  and  twenty  bird-skins,  and  fifty-two  .nests  with  eggs. 

I  wish  to  express  my  indebtedness  to  Mr.  Piatt,  whose  collections  in 
my  department  w^ould  have  been  larger  had  he  not  also  had  charge  of 
the  alcoholic  and  botanical  collections  made  by  that  branch  of  the  expe- 
dition under  your  immediate  control.  I  wish  also  to  state  that  I  am 
under  great  obligations  to  Professor  S.  F.  Baird  and  Mr.  Eobert  Bidg- 
way^  of  the  Smithsonian  Institution,  for  aiding  me  in  various  ways. 

The  total  number  of  bird-skins  collected  is  three  hundred  and  thirteen ; 
of  nests,  with  eggs,  sixty-seven.  I  found  no  birds  at  Teton  or  Fire- 
Hole  Basins  specifically  different  from  those  collected  at  other  places  on 
our  route. 

I  remain,  yours,  very  respectfully, 

C.  HART  MERRIAM. 

Dr.  P.  V.  Hayden, 

United  States  Oeologist. 


MAMMALS- 
Order  I.~RAPA€IA. 

■ 

(Sub  order  OARNIVORA.) 
Family  6. — Mxjstelid-«i, 
(Sub-family  Martince,) 
Putorius  pu^illtiSy  Aud.  and  Bach.,  (least  weasle :) 


No 

Smithsonian  cata^ 
logue-namber. 

Sex. 

Date. 

Locality. 

Skull. 

Skin. 

7 

13416 

11102 

Jut. 

July  28, 1872 

T6ton  Basin,  Idaho. 

i/ab.— Minnesota  to  Puget's  Sound ;  New  York,  (De  Kay.) 


1 
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Gulo  Imciis^  Sabiue,  (Wolverine:) 


No. 

Catalogue-  no  m  ber. 

Sex. 

Date. 

Locality. 

Skull. 

Skin. 

54 

11094 

11094 

^? 

Aug.  10, 1872 

Yellowstone  River,  Wyo. 

Hob. — Salt  Lake  and  Black  Hills^Nebraska,  to  Arctic  America ;  (North- 
ern New  York,  And.  and  Bach.) 

(Sub-family  Melinm.) 
Mephitis  mephitica^  var.  occideiitaliSj  Bd.,  (California  skunk :) 


No. 

SuiithsonLan  cata- 
logue-number. 

Sox. 

Date. 

Locality. 

Skull. 

Skin. 

28 
45 
55 

12409 
12410 

11095 
11096 

^ 
S 

Aug.  13, 1872 
Sept.  8,1872 
June  5,1872 

Lower  Geyser  Basin,  Wyo. 
Shoshone  Lake,  Wyo. 
Ogden,  Utah. 

•  >•-....  .. 

Hub. — High  central  plains  to  the  Pacific, 
MephitU  bicolor,  Gray,  (little  striped  skunk:) 


No. 

Catalogue-number. 

Sex. 

Date. 

Locality. 

Skull. 

Skin. 

57 

11136 

— 

June  28, 1872 

Marah  Valley,  Idaho. 

Hab. — Southern  Texas  and  California ;  northward  to  Idaho  on  western 
slope  of  liocky  Mountains. 

Family  7.— Ursid^. 

Ursua  horribiliSy  Ord.,  (grizzly  bear :) 


No. 

Catalogue-number. 

Sex. 

Date. 

Locality. 

12 

Skull. 

Skin. 

12397 

9 

July  24,1872 

Tdton  Caflon,  Idaho. 

Hab. — Plains  of  the  Upper  Missouri  to  the  Rocky  Mountains^  and 
along  their  base  ^  thence  to  the  coast  of  California. 
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Ursus  Ameri<ianns.  Pallas,  (black  bear :) 


6fi3 


No. 

Catalogue-Dumber. 

Sex. 

Date. 

Locality. 

Skull. 

Skin. 

25 

12398 

<f 

Aug.  10,1872 

Henry^B  Tjake,  Idaho. 

Sab. — United  States  generally. 

Order  lU.-RODENTIA. 

Family  9. — Scixjrid^. 
Snb-family,  t^urince^  the  true  squirrels. 
Sciurus  hiulsotiiusy  Pallas.,  (red  sqairrel :) 


No. 

SmitheoDian  cata- 
logue-Dumber. 

Sex. 

Date. 

Locality. 

Skull. 

Skin. 

23 

30 
31 
37 

12421 
12422 
12423 
12424 
12425 
12429 

11107 
11108 
11109 

9 
9 
9 

Aug.     8,1872 
Aug.  17,1872 
Aug.  20,1872 
Aug.  30, 1872 
Aug.  31,1872 
Sept.  17, 1872 

Henry's  Lake,  Idaho. 
Upper  Geyser  Basin,  Wyo. 
Lower  Geyser  Basin,  W'yo. 
Fort  Ellis,  Mont. 

38 

Lower  Geyser  Basin,  Wyo. 
Snake  River,  Wyo. 

51 

11113 

Hah. — Labrador  (latitude  56^)  to  Mississippi,  and  in  tbe  United  States 
from  the  Atlantic  to  tbe  western  slope  of  the  Eocky  Mountains. 

Tamias  quadrivitattus^  Eich,  (Missouri  striped  squirrel :) 


No. 

Smithsonian  cata- 
logue-number. 

Sex. 

Date. 

Locality. 

Skull. 

Skin. 

1 
29 
39 
40 
43 

.   12444 
12426 
12427 

12428 

11180 
11110 
11111 
11112 
11117 
11118 

liny 

Juv. 

June  14, 1872 
Aug.  17,1872 
Sept.    2,1872 
Sept.    2,1872 
S(;pt.  15,  lcf72 
8e[)t.  10, 1872 
Si-pt.  18, 1872 

Ogden,  Utah. 

Upper  Geyser  Basin,  Wyo. 

Do. 

Do. 
Heatl-waters  of  the  Madison.  Wvo. 

48 
52 

Snake  River,  Wyo. 
Do. 

Hah. — Upper  Missouri  to  Rocky  Mountains,  and  west  to  tbe  Cascude 
Kange ;  along  tbe  Rocky  Mountains  as  far  soutb  as  Fort  Stanton,  New 
Mexico. 

Spermophilus  grammurus^  Bacb.,  (line-tailed  squirrel :) 


No. 

Smithsonian  cata- 
logue-number. 

Sex. 

Date. 

Locality. 

SkuU. 

Skin. 

2 
3 
4 

56 

12445 
12446 
12447 
12449 

11131 
11132 
11133. 
11135 

9 

June  15, 1872 
June  15,1872 
June  17,1872 
June    8, 1872 

Ogden,  Utsih. 
Do. 
Do. 
Do. 
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Hab. — Head  of  Arkansas  River ;  along  the  Bocky  Moantains  to  So- 
nora^  northward  to  Idaho  Territory. 

Spermophilm  lateralis^  Rich,  (Say's  striped  squirrel :) 


No. 

Smithsouiau  cata- 
loguc-uuiuber. 

Sex. 

Date.  • 

Locality. 

Skull,     i     Skin. 

25 

12417 

11103 

Aug.  10,1872 

Henry's  Ijake,  Idaho. 

Hah, — Rocky  Mountains  to  Cascades,  and  between  about  latitude  3$^ 
2G'  to  latitude  420. 

Spermophilus  mollis,  Kennicott: 


No. 

Smithsonian  cata- 
logue-number. 

Sex. 

Date. 

1 

Locality. 

Skull. 

Skin. 
11134 

6 

12448 

i 

July     3,1872    Ross  Fork,  Idaho. 

1 

Hab, — Rocky  Mountain  region. 

Spermophilm  twcnsendii,  Biich.,  (  Townsend's  spermophile :) 


No. 

Smithsonian  cata- 
logue-number. 

Sex. 

Date. 

Locality. 

Skull. 

Skin. 

16 
18 
19 
24 

12418 

12431 

'     12432 

12419 

11104 
11115 
11116 
11105 

i 

July  29,1872 
Aug.     1, 1872 
Aug.     1. 1872 
Aug.    9,1872 

T^t^m  Ca&on,  Idaho. 

Do. 

Do. 
Henry's  Lake,  Idaho. 

Hah. — Rocky  Mountains,  to  the  north. 

Arctomys flaviveiitery  Bachman,  ( yellow-footed  marmot:) 


No. 

Smithsonian  cata- 
logue-uumber. 

Sex. 

Skull. 

Skin. 

20 
22 

12406 
12407 
12753 
12754 

9 

58 
59 

11197 
11198 

Date. 


Aug.  4,1872 
Aug.  7, 1872 
July  27, 1872 
July  27,1872 


Locality, 


T^ton  Basin,  Idaho. 
North  Fork,  Idaho. 
Near  Fort  EUis,  Mont 
Do. 


Hab. — Black  Hills,  Nebraska, 
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{ Sub-family  Casiorince. ) 
Casior  canadensUy  Kahl,  (American  braver:) 
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No. 

Catalogue- 
Duinber. 

Sex. 

Date. 

Locality. 

Skull. 

8 
9 

12404 

$ 

July  22,1872 
July  22.1tf72 
July  24,1872 

T^ton  Basin,  Idaho. 
Do. 

11 

12403 

T^ton  ('aiion,  Idaho. 

Hab, — Throughout  the  entire  area  of  North  America. 

Family  10. — Saccomyidje. 

(Subfamily  Oeomyin(e.) 
Thotnomys/ulvus^  (mountain  pocket  rat:) 


No. 

Smithaon 
logne-n 

Skull. 

ian  cata- 
nmber. 

Skin. 

Sex. 

Date. 

Locality. 

17 
34 

12420 
12433 

11106 
11126 

9 

July  :50,1872 
July     8,1872 

T^ton  Cafion,  Idaho. 
Fort-Ellis,  Mont. 

Hah. — San  Francisco  Mountains,  New  Mexico,  to  Fort  Yuma  and  San 
Diego,  northward  in  Bocky  Mountains  to  Montana. 

Family  11. — Murid-e. 

(Sub-family  Dipodince.) 
Jaculu8  hudsoniuSj  (jumping  mouse  :) 


No. 

Soiithaonian  cata- 
logue-number. 

Sex. 

Date. 

Locality. 

Skin. 

35 
56 

11120 
11125 

(J 

Aug.  31, 1872 
July  14,1872 

Upper  Madison  Canon,  Wyo. 
Fort  Ellis,  Mont. 

Hah, — ^Nova  Scotia,  ( Labrador,  Pennant,)  to  Southern  Pennsylvania^ 
and  west  to  the  Pacific  Ocean. 

(Sub-family  Murince.) 
Mu^  mu8culu8j  Linn.,  (common  mouse :) 


No.' 

Catalogue- 
number. 

Sex. 

Date. 

Locality. 

60 

11199 

— 

Mont. 

flaft.-,-North  America  generally. 
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Hesperojnys  leucopuSj  var.  sonariensUj  Lee. : 


No. 

Catalogue- 
uumber. 

Sex. 

Date. 

Locality. 

42 
49 
61 
62 

11121 
11122 
11200 
11201 

i 

Sopt.    3,1872 
Sept.  16, 1872 

,1872 

,1872 

Lower  Geyser  Basin^  Wyo. 
Snake  River,  Wyo. 
Mont. 
Do. 

Hah, — Upper  Missouri  aud  Bocky  Moantains  to  El  Paao  aDil  Souora. 

(Sub-family  Arvicolince,) 
Arvicola  riparian  Ord.,  (bank  mouse :) 


Hob, — United  States  to  Eocky  Mountains. 

Family  12. — Hystricid^. 
Erethizon  epixanthus,  Brandt,  (yellQwhaired  porcupine:) 


Hab, — Upper  Missouri ;  whole  Pacific  coast. 

Family  13. — Leporid^. 
Lepus  oallotiSj  (?)  Waaler,  (jackass  or  mule  rabbit:, 


No. 

Catalogue- 
number. 

Sex. 

Date. 

Locality. 

1 

36 

11123 
11124 

^ 

Aug.  30, 1872 
July  10,1872 

Lower  Geyser  Basin,  Wyo. 
Fort  £lli8,  Moot. 

_ — 

No. 

Catalogue- 
uumber. 

Sex. 

Date. 

Locality. 

Skull. 

26 

12405 

9 

Aug.  10,1872 

Henry's  Lake,  Idaho. 

No. 

Catalogue- 
uumber. 

Sex. 

Date. 

Locality. 

Skull. 

5 

12436 

mmm^ 

June  21, 1872 

Ogtien,  Utah. 

Hob, — Northern  Mexico,  through  Southern  Texas,  and  west  through 
New  Mexico  to  the  Rocky  Mountains,  north  to  the  Yellowstone ;  Fort 
Boise,  Oregon,  (!)  Southern  Sonora.  (?) 
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Leput  bairdii,  Hayden,  (Baird's  rabbit :) 


logae-liQRiber. 

Sex. 

Date. 

Skull. 

SkiD. 

12411 
12412 
12413 
12414 
12415 

11097 
11098 
11099 

nioo 

11101 

i 

Jot. 

Aug.  29, 1872 
Sept.   7,1872 
gept.  11, 1872 
Sept.  15, 1872 
Sept.  17, 1872 

Lower  Gevser  awin,  Wyo. 
SboBboue  Lake,  Wjo. 
Lewis  Lalw,  Wyo. 
Soake  River,  Wyo. 
Hart  Lftke,  Wjo. 

.Ha&.-^Pine  regions  about  tbe  head-waters  of  the  Wind  and  Yellow- 
stone Rivers. 

I  was  fortunate  enough  to  secure  five  specimens  of  this  rare  and  re- 
markable rabbit.    Heretofore  but  one  specimeu  of  this  species  has  beeu 

FiE-  57. 


brought  before  the  scientific  world,  and  it  (No.  4263)  ia  now  ou  exliibi- 
tion  in  the  Smithsoninn  Institution.  It  was  collected  in  the  Wind  Kiver 
Mountains  by  Dr.  Hayden  in  the  month  of  June,  ISISO,  and  was  described 
by  him  in  the 'American  Nntnnilist,  (vol.  iii,  No.  3,  May,  1S69.)  Uu- 
tortnnately  the  sex  of  this  specimen  was  not  determined. 

One  very  curious  fact  relating  to  Lepits  bairdii  ia  that  all  the  males 
have  teats  and  take  part  in  suckling  the  young.  I  aay  till  the  males, 
because  four  out  of  the  five  specimens  procured  were  adnlt  males,  and 
all  had  large  teata  full  of  milk,  and  the  hair  around  the  nipple  was  wet 
iuid  stuck  to  it.  showing  tliat  they  were  then  nursing  their  young. 
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As  we  fonnd  no  females,  we  thought  this  might  be  an  hermaphroditic 
form ;  so  Dr.  Josiah  Curtis  and  myself  dissected  a  large  male— INo.  44, 
(1241!;:5, 11098) — which  we  fonud  to  contain  the  usual  genital  organs  of 
the  male,  but  no  uterus,  ovaries,  or  other  female  organs.  I  dissected 
another  old  male — No.  46,  (12413, 11099] — with  the  same  result.  I  re- 
gret exceedingly  that  I  was  unable  to  procure  a  female  specimen;  but, 
Irom  the  limited  number  of  specimens  examined,  1  should  infer  that 
both  sexes  take  part  in  suckling  their  young. 

I  publish  the  following  letter  from  Dr.  Curtis,  verifying  the  above 
statements: 

Washington,  D.  C,  February  20, 1873. 

Dear  Sir:  When  upon  that  part  of  oar  ex{)loratioiis  last  sammer  which  ejabraced 
the  re^ou  about  the  head-waters  of  the  Snake  River,  I  saw  several  specimens  of  the 
rabbit  (Lepus  bairdii,  Uaydeu)  which  you  had  secured,  and  the  adults  gave  external 
sif^ns  of  having  been  suckled,  but  gave  every  other  evidenee  of  being  trae  males. 

To  satisfy  you,  as  well  as  myself,  beyond  a  doubt  upon  this  point,  I  very  carefblly 
dissected  one  uamistakably-marked  specimen,  and  fonnd  conclusive  evidence  of  its 
Jbaving  been  recently  and  for  some  time  suckled.  Milkoiras  abundant  in  its  udders. 
It,  however,  possessed  no  other  organs  characteristic  of  the  female  sex,  but  it  did  have 
all  the  male  organs  complete  and  well  developed. 
Youi*s,  respectfully, 

JOSIAH  CURTIS, 
Xaturaliat  United  States  Geological  Surrqf, 
Mr.  C.  Hart  Merriam. 


Lagomys  princepsj  Eich,  (little  chief  hare :) 


No. 

Smithsonian  cata- 
logue-number. 

Sex. 

Date. 

Locality. 

Skull. 

Skin. 

10 

12430 

11114 

— 

July  24, 1872 

T^ton  Ca&on,  Idaho. 

Sab. — South'  Pass  of  Eocky  Mountains,  northward. 


Order  TI.— RITMINAIVTIA. 


Family  16. — Gebyid^. 
(Sub-family  Cervinoe.) 
Alee  americanus^  Jardine,  (American  moose:) 


No. 

Catalogue- 
number. 

Sex. 

Date. 

Locality. 

Skull. 

13 
14 
15 

12399 
12400 

9  ad. 
$juv. 
,Jjuv. 

Jnly  26, 1872 
July  26, 1872 
July  26,1872 

Teton  Cafion,  Idaho. 
Do. 
Do.     . 

•  Hah. — ^Northern  portions  of  the  Eastern  United  States  to  LabradoTi 
whence  it  extends  west  to  the  Pacific  Ocean. 
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Family  17.— Cavicornia. 

(Sub-family  Antilopinw.) 
Antilocapra  americanuj  Ord,  (prong-horn  antelope :) 
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No. 

Catalogue- 
namber. 

Sex. 

Date. 

Locality. 

SkuU. 

21 
53 

12402 
^2401 

Juv. 

Ang.     5,1872 
Oct.     4, 1872 

Middle  Fork,  Idaho. 
CaDon  Creek,  Idaho. 

Hob. — Plains  west  of  Missouri,  from  the  Lower  Bio  Grande  to  the 
Saskatchewan,  and  west  to  the  Cascade  and  Coast  Eanges  of  the  Pacific 
slope. 


Order  IX.— CHEIBOPTEBA,  THE  BATS. 


Family.— Vespertilionid^. 


Nyctxceftts  crq)U8culariSy  Allen. 


No. 

Catalogne- 
namber. 

Sex. 

Date. 

Locality. 

1 

11127 

— 

Aug.  31, 1872 

Lower  Geyser  Basin,  Wyo, 

flat.— United  States,  from  Atlantic  to  Pacific. 
Vespertilio  ItwifnguSj  Leconte,  (the  blunt-nosed  bat :) 


No. 

Catalogue- 
number. 

Sex. 

Date. 

Locality. 

2 

11128 

^ 

Aug.  31,1872 

Lower  Geyser  Basin,  Wyo. 

Hah. — ^North  America  generally. 


Te^pertilio  ynmaneimSj  Allen,  (the  Gila  bat :) 


No. 


Catalogue- 
number. 

Sex. 

Date. 

Locality. 

-    11129 

^ 

July  25,1872 

Hot  Springs,  Montana. 

fla5.-r-£astem  slope  of  Bocky  Mountains  to  Pacific  coast. 
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BIROS- 
Sab-class  l—IIVSESSORES,  PEBCHIIVCi  BIRDS. 

Order  1.— PASSERES,  PASSERINE  BIRDS. 

(Section  OSOmES,  SINGERS.) 
Family  1. — ^Tdbdid^,  th£  Thrushes. 
Turdtts  CPlanesUcusJ  migratorius,  Linn.,  (common  robin :) 


No. 

Catalogue- 
number. 

Sex. 

Date. 

Measure- 
ments. 

Locality. 

102 
200 
255 
274 

61650 
62275 
62276 
62277 

9 

Juue  18, 1872 
July  30,1872 
Sept.    6,1872 
Sept.  16, 1872 

10iXl5} 
9txl6i 
9ixl5f 

10fXl6| 

Offden,  Utah. 
Teton  Cafion,  Idaho. 
Source  of  the  MiwUson. 
Snake  River,  Wyo. 

Hah, — Continent  of  North  America  to  Mexico. 

We  found  a  flock  of  about  thirty  robins  near  the  head-waters  of  tbe 
Madison  Elver,  Wyoming  Territory,  on  the  6th  of  September.  The  snow 
was  about  an  inch  in  depth,  and  the  flock — one  of  which  I  shot  (Na 
255) — seemed  to  be  moving  southward.  They  were  quite  abundant  ott 
Snake  Elver  during  the  latter  part  of  September.  At  all  other  x>hMX9 
on  our  route  robins  were  seldom  met  with. 

Galeoscoptes  carolinensisj  Linn.,  (cat-bird :) 


Nc». 

Catalogne-     « 

number.     ,  °"^- 

1 

Date. 

MeoBure- 
ments. 

Locality. 

99 

616r>3         ^ 

1 

June  18, 1872 

8}xll 

Ogden,  Utah. 

Hab. — Ecvstern  United  States  to  Salt  Lake  Valley  and  Washington 
Territory.  I  was  surprised  to  find  cat-birds  as  common  in  the  Salt 
Lake  Valley  as  they  are  in  all  our  Eastern  States.  At  Ogden  I  found 
one  of  their  nests — No.  52,  (16310);  it  was  on  a  bush  in  a  marsh,  aboat 
four  feet  above  the  ground,  and  contained  five  fresh  eggs. 

Oreoscoptet  montanua^  Baird,  (mountain  mocking-bird :) 


No. 

Catalogne- 
nnml^r. 

Sex. 

Date. 

Measure- 
ments. 

Locality. 

41 
42 

61&51 
61652 

• 

^ 
^ 

June  11, 1872 
June  11,1872 

9ftXl2» 

9  xm 

Salt  Lake,  Utah. 
Do. 

Hdb. — ^Bocky  Mountains :  south  to  Mexico,  and  along  valley  of  Gih 
and  Colorado,  and  to  San  Diego,  California,  s 

This  plain  colored  songster  is  quite  numerous  about  Salt  Lake,  whem 
we  found  them  breeding;  we  also  found  them  northward  to  Snake  River 
and  in  the  T6ton  Basin.  I  found  its  nest — No.  26  (16296) — near  the  shoro 
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of  Salt  Lake ;  it  was  placed  at  the  foot  of  a  sage-brash ;  was  built  of 
sticks,  lined  with  fibrous  roots ;  it  was  unasually  large  for  the  size  of 
the  bird,  (ineasariDg  over  eight  inches  in  diameter,)  and  contained  four 
fresh  eggs. 

Family  2.— CiNCLiD-ffl,  the  Dippbrs. 
Cinclus  mexicantiSj  Swains.,  (water-ouzel :) 


No. 

Catalogue^ 

Sex. 

Date. 

Measure- 
ments. 

Locality. 

307 

308 

62341 
62342 

July  14, 1872 
July  14, 1872 

71  xm 
7hxm 

Mystic  Lake,  Mont. 
Do. 

Hah, — Rockv  Mountains  from  British  America  to  Mexico. 

The  American  dipper,  or  water-ouzel,  is  a  rare  bird  in  the  district 
tbn)Qgh  which  we  passed,  being  met  with  only  at  Ogden  Gaiion,  Mystic 
Lake,  and  in  a  little  canon  east  of  theT^ton  Eange,  near  Jackson's  Lake. 
It  is  truly  a  wonderful  bird,  being  able  not  only  to  walk,  but  also  to  fly, 
into  the  wat^^r.  During  the  latter  part  of  September,  when  the  snow  was 
about  an  inch  deep  and  was  still  falling,  I  took  my  gun  and  entered  one 
of  the  caiions  a  few  miles  north  of  Jackson's  Lake,  in  the  hope  of  meet- 
ing some  rare  birds.  I  had  not  gone  far,  when,  to  my  great  delight,  I 
saw  a  pair  of  water-ouzels  on  a  rock  in  the  middle  of  a  rapid  stream 
which  flowed  out  of  the  canon.  To  my  great  surprise  one  of  these  birds 
dove  directly  into  the  rapids,  and  in  a  few  moments  returned  with  a 
worm  in  its  mouth.  I  shot  one  of  the  birds,  which,  to  my  great  chngrin, 
fell  into  the  water  and  was  carried  under  by  the  current,  and  I  was  un- 
able to  secure  it. 

[The  nest  of  the  water-ouzel  {Cinclus  mexicanus)  was  discovered  by 
oar  artist,  Mr.  W.  H.  Holmes,  about  half  a  mile  from  Mystic  Lake, 
Montana  Territory,  while  he  was  sketching  a  beautiful  little  fall  made 
by  one  of  the  mountain  streams.  The  bird  was  observed  to  fly  directly 
through  the  falling  water,  disappearing  from  view.  Suspecting  that  a 
nest  must  be  there,  we  returned  the  following  day,  when,  with  the  assist- 
aQoe  of  Mr.  Holmes,  I  secured  the  nest,  containing  three  young,  and 
shortly  after  shot  both  the  old  birds.  The  nest  was  made  of  moss, 
measuring  nearly  a  foot  in  diameter  and  six  inches  in  depth.  It  was 
bailt  upon  the  edge  of  a  narrow  shelf  of  rock,  and  so  near  the  fall  that 
the  outside  was  constantly  wet  with  spray,  while  the  interior  was  dry 
and  warm.  The  birds  entered  it  by  a  small  lateral  opening  in  the  lower 
half  of  the  nest,  the  top  being  built  up  against  a  projecting  rock. — ^W. 
B.  Platt.] 

Family  3. — Saxicolidjs,  the  Saxicolas. 
Slalia  arcticaj  Sw.,  (Rocky  Mountain  blue-bird :) 


w      Catalogae- 
"         naniber. 

Sex  and 
age. 

Date. 

Meoanre- 
ments. 

Locality. 

» 

214  ^       im30 
i4€'       62331 
246         62332 

0 
0 

Aug.    4,1872 
Aug.  28, 1872 
Aug.  28, 1872 

•  7^xm 

6|  Xl2i 

Middle  Fork,  Idaho. 
Lower  Geyser  BaaiD,  Wyo. 
Do. 

Half, — High  dry  central  plains;  np])er  Missouri  to  Rocky  Mountain 
iUuge  and  south  to  Mexico.    Rare  on  the  coast  of  California. 
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The  Bocky  Moantain  blue-bird  seems  to  prefer  a  coantry  which  has 
been  burnt  over,  and  is  covered  with  stumps  and  fallen  timber.  It  is 
not  a  common  species  in  the  district  through  which  we  passed. 

Family  4. — Sylvid^,  the  Warblers. 
Regulus  calendula^  Licht.,  (ruby -crowned  kinglet:) 


No. 

Catalogue- 
nnmber. 

Sexaud 
afe. 

Date. 

Measure- 
ments. 

Locality. 

231 
267 

62333 
62334 

0 

Aug.  20, 1872 
Sept.  14, 1872 

4iX7i 

4iX7A 

L«wer  Geyser  Basin,  Wyo. 
Snake  River,  Wyo. 

Sab. — North  America  from  Atlantic  to  Pacific. 

This  pretty  little  bird  is  probably  abundant  in  early  spring  and  in 
October,  although  I  saw  but  two  of  them  during  the  snmmer.  It  is 
evident  that  they  breed  in  the  Yellowstone  country,  froui  the  fact  that  I 
obtained  a  young  one — ^No.  231,  (62333) — there  on  the  20th  of  August. 

Family  6. — ^Parid^. 

(Subfamily  ParincBj  the  Titmice.) 
Parus  montanusy  Gambel.,  (mountain  titmouse:) 


No. 

Catalogue- 
numl^r. 

Sex. 

Date. 

Measure- 
ments. 

Locality. 

211 
212 
256 
279 

62349 
62350 
62351 
62352 

July  31, 1872 
July  31, 1872 
Sept.  7,1872 
Septl8, 1872 

5f  X8i 
5t%X8| 
5f  X8i 
5f  X9 

T^ton  Cafion,  Idaho. 

Do. 
Sbosbone  Lake,  Wyo. 
Snake  River,  Wyo. 

Hah, — Pacific  coast  of  United  States  to  Bocky  Mountains. 

T6ton  Canon  was  the  first  place  where  we  observed  this  species, 
probably  because  it  was  the  first  place  on  our  route  where  we  found 
couiferous  trees. 

The  mountain  chickadee  is  an  abundant  species  in  the  Fire- Hole  Ba- 
sin, and  also  from  the  source  of  Snake  Eiver  to  where  it  leaves  the 
wooded  mountain  sides  and  flows  through  an  open  plain.  This  bird, 
like  our  "  chickadee,"  (P.  atricapillus^)  is  very  tame,  and  evidently  likes 
the  company  of  mau,  as  they  flit  about  from  limb  to  limb  in  search  of 
their  food  within  a  few  feet  of  you,  without  even  looking  up,  or  showiug 
any  signs  of  fear  or  even  surprise  at  your  presence.  This  species  may 
easily  be  distinguished  from  our  eastern  P.  atricapillug  by  the  whit>e 
front  and  the  white  line  over  the  eye,  cutting  off  a  black  one  through  it 

(Sub-family  SittincBy  the  Nuthatches.) 
Sitta  aoulea/ta,  Cassin,  (slender-billed  nuthatch.) 


No. 

Catalogue- 
number. 

Sex. 

Date. 

Measure- 
ments. 

Locality. 

240 

62297 

i 

Aug.  27, 1872 

6X11 

Lower  Q^yser  Basin,  Wyo. 

Eab. — ^Pacific  coast  of  United  States  to  Bocky  Mountains. 
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This,may  be  cousidered  as  a  rare  bird  in  the  tract  of  country  throngh 
wliicb  we  passed,  as  I  saw  but  one  specimen,  which  I  shot — No.  240, 
(62297.) 

Family  7.— Troglodytidje,  the  Wrens. 

(Sub-family  Campylorhynchince.) 

Salpinctes  obsoletuSj  Cab.,  (rock-wr^.) 


1 

No.. 

Catalogue- 
number. 

Sex. 

Date. 

Measure- 
ments. 

Locality. 

64 

616654 

^ 

June  14, 1872 

6ix9 

Ogden,  Utah. 

JJa5. — High  central  plains  through  the  Rocky  Mountains  to  the  Coast 
and  Cascade  Eanges,  (but  not  on  the  Pacific  coast  f) 

This  bird  is  very  properly  called  the  "  rock-wren,"  for  high  up  the 
mountain  sides  and  among  the  rocks  it  lives,  lays  its  eggs,  and  teaches 
its  young  the  use  of  their  tiny  wings.  They  are  noisy  creatures,  and  seem 
to  take  great  pleasure  in  darting  from  rock  to  rock,  keeping  generally 
out  of  sight. 

I  shot  the  first  of  this  species  that  I  saw  on  one  of  the  rocky  spurs  of 
the  Wahsatch  Bange,  near  Ogden — ^No.  64,  (61654.)  They  were  quite 
abundant  on  the  rocky  hills  near  the  Hot  Sulphur  Springs,  ten  miles 
north  of  Ogden. 

(Sub-family  Troglodytinw.) 

Ciatothorus  paluatriSj  Cab.,  (long-billed  marsh-wren.) 


No. 

Catalogue- 
number. 

Sex. 

Date. 

Measure- 
ments. 

Locality. 

302 

* 

62327 

^ 

Oct,  14, 1872 

5ix7 

Fort  Hall,  Idaho. 

Hab. — North  America  from  Atlantic  to  Pacific,  north  to  Greenland. 

Fort  Hall  is  the  only  place  where  I  found  the  long-billed  marsh-wren. 
I  S&W  several  of  them  there,  but  succeeded  only  in  obtaining  one  speci- 
men— ^No.  302,  (62327.)  This  bird,  though  not  gay  in  colors,  is  a  sweet 
songster. 

Troglodytes  parJcmanni,  And.,  (Parkman's  wren :) 


Xo. 

Catalogue- 
uambor. 

Sex. 

Date. 

Measure- 
ments. 

Locality. 

172 

20i^ 

62.328 
62329 

9 

July  18,1872 
July     9, 1872 

4ix6f 
4iX6i 

North  Fork,  Idaho. 
Fort  Ellis,  Mont. 

JETab. — Western  America,  from  the  high  central  plains  and  Upper  Mis- 
souri to  the  Pacific. 

This  little  bird,  very  similar  to  our  house- wren,  (T.  cedon^)  was  quite 
common  at  North  or  Heury^s  Fork  of  Snake  River,  Middle  Fork,  Teton 
Gaiion,  and  Fort  EUis.    I  found  its  nest,  on  the  20th  of  July,  at  Middle 

43  G  s 
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Fork ;  it  was  in  the  hollow  of  a  small  tree  that  had  broken  off  about 
ten  feet  high  and  still  rested  against  its  stump.  The  nest  contained  five 
yonug  birds,  and  was  composed  of  small  sticks  laid  loosely  together. 
The  parent-birds  were  greatly  incensed  at  my  approach,  and  darted  alMmt 
my  head  in  an  angry  manner. 

Family  8.— MoTACiLLiDiE,  the  Wagtails. 
Anthna  ludovicinus^  Licht,  (tit-lark :) 


No. 

Catalogue- 
number. 

62298 

Sex. 

Date. 

Measure- 
ments. 

Locality. 

281 

$ 

Sept.  21, 1872 

6iX  lOi 

Snake  River,  Wyo. 

Hob, — ^North  America  generally;  Greenland,  (Eeinhardt.)  Accidental 
in  Europe. 

We  met  with  this  bird  only  on  Snake  River  and  in  the  vicinity  of 
Jackson's  Lake;  there  we  found  a  few  flocks  of  from  ten  to  flfty. 


Family  9.— Sylvicolid^,  the  Wood- Warblers. 
Oeothlypis  trichasy  Gab.,  (Maryland  yellow-throat :) 


No. 

Catalogue- 
number. 

Sex. 

Date. 

Measure- 
ments. 

No.ofnest 
and  eggs. 

Locality. 

83 
309 

61661 
62343 
62344 

June  17, 1872 
July     9, 1872 
July  11,1872 

5f  X7 
3f  X7 
4ix7 

44 

Ogden,  Utah. 
Fort  Ellis,  Mont. 
Do. 

:mo 

Hah» — ^North  America,  from  Atlantic  to  Pacific. 

This  little  warbler  is  qnite  abundant  at  Ogden,  Utah,  and  also  on  the 
Madison  Biver,  and  at  Fort  Ellis,  Montana  Territory ;  I  saw  none  else- 
where. I  obtained  the  nest  of  this  bird  at  Ogden — ^No.  44,  (16308)  9  ; 
No.  83,  (61661,)  shot.  It  was  found  in  a  clump  of  bushes  in  a  marsh, 
about  SIX  inches  above  the  ground,  and  was  composed  of  dried  grass 
and  rushes )  it  contained  four  fresh  eggs. 

Icteria  longicauda^  Lawr.,  (long-tailed  chat :) 


No. 

Catalogue- 
nuDEiber. 

Sex. 

Date. 

Measure- 
ments. 

Locality. 

20 

61658 
01656 
61655 
61(>59 
61794 
61657 

9 

9 

June    7, 1872 
June    9,1872 
June  11, 1872 
June  20, 1872 
June  28, 1872 
June    8,1872 

Ogden,  Utah. 

Do. 

Do. 

Do. 
Devirs  Creek,  Idaho. 
Ogden,  Utah. 

44 
113 
lii9 

30 

8    XlOi^ 
7f  X  10 
5*X    9tV 
7f  X  lOi 
7i  X  lOi 

Edb. — High  central  plains  of  the  United  States  to  the  Pacific ;  south 
into  Mexico. 
The  long-tailed  chat  is  a  common  bird  in  the  scrub-oak  bashes  at  the 
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foot  of  the  Wahsatch  Range,  near  Ogden.  It  is  a  pecaUar  bird,  and  like 
our  eastern  species,  {loteria  virenSy)  is  always  heard,  bat  seldom  seen. 
They  are  shy,  suspicions  creatures,  and  although,  when  disturbed,  they 
flit  about  in  a  scolding,  angry  manner,  they  generally  manage  to  keep 
oat  of  sight.  You  hear  them  in  the  bushes,  imitating  the  mewing  of  a 
eat,  the  shrill  notes  of  the  jay,  sometimes  singing  like  a  cat-bird,  and 
yet,  again,  they  sing  sweetly  in  their  own  peculiar  manner.  They  have 
a  strange  habit  of  elevating  themselves  in  the  air  to  the  height  of  thirty 
or  forty  feet,  then,  poising  themselves  for  a  moment,  they  descend  again 
to  the  bushes^  during  their  descent  they  jerk  themselves  about  in  the 
air,  at  the  same  time  uttering  clear,  ejaculated  notes,  which  can  be  heard 
for  quite  a  distance,  and  are  not  altogether  unpleasant  to  the  ear.  I 
fonnd  the  nest  of  this  bird  on  the  15th  of  June ;  it  was  on  a  scrub-oak 
near  a  small  stream ;  was  about  four  feet  above  the  ground,  and  con- 
tained three  young  birds  and  one  egg.  The  egg  resembled,  in  size  and 
color,  that  of  our  eastern  species,  (J.  virens,) 

Dendroica  audubonii,  Baird,  (Audubon's  warbler:) 


No. 

Catalogue- 
namber. 

Sex. 

Date. 

MeoHure- 
meuts. 

Locality. 

258 

268 

62345 
62346 

^ 

Sept.   7,1872 
Sept.  15, 1872 

5f  X9 

Shoshone  Lake,  Wyo. 
Snake  River,  Wyo. 

Hob. — ^Pacific  coast  of  United  States  to  central  Bocky  Mountains, 
south  to  Mexico. 

Audubon's  warbler,  though  similar  in  most  respects  to  our  eastern  yel- 
low-rump warbler,  fl).  coronata^J  is  easily  distinguished  from  it  by  hav- 
ing the  chin  and  throat  yellow  instead  of  white.  During  the  latter  part 
of  September  I  saw  several  flocks  of  these  birds  on  Snake  Biver ;  they 
appeared  to  be  on  their  way  south. 

Dendroica  CBstiva^  Baird,  (yellow  warbler :) 


No. 

Catalogne- 
number. 

Sex. 

Date. 

Measure- 
ments. 

No.  of  nest 
and  eggs. 

Locality. 

36 

61660 

^ 

June  8,1872 

5iX7| 

24 

Ogden,  Utah. 

Hah. — United  States  from  Atlantic  to  Pacific ;  south  to  Guatemala 
and  West  Indies. 

Yellow  warblers  were  common  at  Ogden,  as  they  were  at  all  places 
where  there  was  a  stream  of  water  whose  banks  were  lined  with  bushes. 
I  found  the  nest  of  this  bird  at  Ogden — ^o.  24,  (16294 ;)  it  was  on  a  wil- 
low, about  three  feet  above  the  ground,  and  contained  four  fresh  eggs. 

Myiodioctes  pusillus,  Bonap.,  (green  black-cap  warbler :) 


No.- 

Catalogue- 
number. 

Sex. 

Date. 

Measure 
ments. 

Locality. 

•227 

286 

62347 
62348 

^ 
i 

Aug.  13,1872 
Sept.  26, 1872 

4*X7i 
5iX7i 

Lower  Gevser  Basin. 
Second  Teton  Lake. 

Hoib. — United  States  from  Atlantic  to  Pacific }  south  to  Guatemala. 
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We  met  with  this  beautifnl  warbler  bat  twice  during  the  summer. 
On  the  first  occasion  we  were  just  entering  the  Lower  Geyser  Basin, 
when  I  observed  a  pair  of  these  little  birds  in  a  grove  of  small  pine 
trees ;  they  were  hopping  about  on  the  ground,  and  upon  my  approach 
flew  up  into  a  tree,  out  of  which  I  shot  the  male — ^No.  227,  (62347.) 

The  second  and  last  time  that  I  saw  this  species  was  at  the  Second 
T^ton  Lake,  where  I  saw  a  male  high  up  in  a  pine  tree.  I  secured  him 
also. 


Family  10.— HiRUNDiNiDiB,  the  Swallows. 


Hirundo  horreorumj  Barton,  (barn-swallow:) 


No. 

Catalogue- 
namber. 

Sex. 

Date. 

Measure- 
ments. 

Locality. 

244 
247 

6229r) 
62296 

U 

Aug.  28, 1872 
Aug.  28,  1872 

7    Xl2f 
5f  Xllf 

Lower  Geyser  Basin. 
Do. 

Hah. — North  America,  from  Atlantic  to  Pacific. 

Barn-swallows  are  common  at  most  places  between  Fort  Hall,  Idaho, 
and  Ogden,  Utah.  They  are  also  numerous  at  Fire-Hole  Basin,  Wyo- 
ming Territory,  where  I  obtained  two  specimens — ISo.  244,  (62295,)  and 
No.  247,  (62296.) 

*  * 

Fetrochelidon  lunifrans,  Say,  (cliff- swallow:) 


No. 

Catalogue- 
number. 

1 
8ex. 

Date. 

Measure- 
ments. 

Locality. 

147 

61774 

? 

July  3,  1872 

6xl2i 

Ross  Fork,  Idaho. 

Hab, — ^North  America,  from  Atlantic  to  Pacific. 

This  is  another  common  species  of  swallow.  We  found  them  very 
plentiful  in  the  vicinity  of  Great  Salt  Lake;  theuce  north  to  Fort  Hall, 
where  tbev  were  also  abundant.  I  obtained  the  nest  of  this  species — 
:^o.  58,  (16312,)— 9 ,  j!>ro.  147,  shot  at  Koss  Fork,  Idaho  Territory,  on  the 
3d  of  July.  It  was  comx)osed  of  mud,  and  was  fastened  to  the  bank  of 
the  creek,  and  about  eight  feet  above  the  water.  The  nest  contained 
two  fresh  eggs. 

Tachycincta  tludasmui^  Sw.,  (violet-green  swallow :) 


jT      Catalogue- 
*!     number. 


96 


61665 


Sex. 


Date. 


June  18,  1872 


Measure- 
ments. 


5iXl2A 


Locality. 


Ogden ;  Utah. 


Hah. — Rocky  Mountains  to  Pacific;  south  to  Mexico ;  east  to  Saltillo, 
Mexico. 
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This  bird,  the  most  beaatifal  of  all  the  swallows,  is  qnite  common  at 
Ogdeo  GaJSbD,  where  we  obtained  the  only  specimen  collected — ^No.  96, 
(61665.)  The  only  other  place  on  our  rente  at  which  we  found  this 
species  was  the  Grand  Oanon  of  the  Yellowstone.  There  I  saw  a  few 
of  them,  but  did  not  succeed  in  obtaining  any  specimens. 

Coiyle  ripariaj  Boil.,  (bank-swallow :) 


No. 

Catalogae- 
nnmber. 

8ftx. 

Date. 

• 

Measure- 
ments. 

Locality. 

40 

61664 

9 

June  11, 1872 

Salt  Lake,  Utah. 

Sab. — United  States,  from  Atlantic  to  Pacific;  common  at  Salt  Lake, 
and  from  there  to  Snake  Eiver. 

I  obtained  the  nest  of  the  bank-swallow  in  a  hole  in  a  sand-bank  by 
the  aide  of  Salt  Lake.  It  contained  seven  fresh  eggs — No.  25,  (16295,) 
9 ,  No.  40,  shot. 

Family  13.— Lanhdje,  the  Shrikes. 
CoUurio  horealiSj  Baird,  (great  northern  shrike :) 


No. 

Catalogue- 
number. 

Sex. 

Date. 

Measure- 
meuts. 

Locality. 

297 

62270 

9 

Oct.  12, 1872 

lOf  X  14f 

Fort  Hall,  Idaho. 

1  ■ 

ffab. — ^Northern  regions,  from  Atlantic  to  Pacific ;  in  winter  south, 
throagh  most  of  the  United  States. 

As  the  shrike  or  butcher-bird  is  confined  to  the  cooler  portions  of 
America,  it  was  met  with  by  our  party  but  once,  and  that  was  in  Octo- 
ber, at  Fort  Hall,  Idaho  Territory.  There  I  secured  one  specimen,  Xo. 
297,  (62270.) 


CoUurio  excubitoroidesj  Baird,  ( white-rum ped  shrike :) 


No. 

Catalogue- 
number. 

Sex. 

Date. 

Measure- 
ments. 

Locality. 

43 

.301 

61752 
62271 

9 
0 

June  11, 1872 
Oct,   13,1872 

8iXl2i 

Salt  Lake,  Utah. 
Fort  Hall,  Idabo. 

ffab. — Missouri  plains  and  fur  countries  to  Pacific  coast ;  eastward 
into  Wisconsin,  Illinois,  and  Michigan.  (?) 

Salt  liake  and  Fort  Hall  are  the  only  localities  at  which  I  found  the 
white-rumped  shrike.  At  the  former  piface,  on  the  11th  of  June,  I  saw 
a  pair  of  them,  and  succeeded  in  shooting  the  female — No.  43,  (01752.) 
It  is  evident,  from  the  lateness  of  the  season,  that  tbey  breed  here. 
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Family  15.— TANAGRiD-ffi:,  the  Tanagers. 


Pyranga  ludoviciaTuij  Bonap.,  (Louisiana  tanager :) 


No. 

Catalogue 
namber. 

Sex. 

Date. 

Measure- 
ments. 

Locality. 

1 

61662 

^ 

^ 

May  29, 1872 
Juue  6,1872 

Cheyenne,  VVyo. 
Ogdeo,  Utah. 

12 

61663 

7|  X  Hi 

197 

62278 

«? 

July  29, 1872 

7    X12tV 

T€ton  Cafion,  Idaho. 

199 

62:^79 

^ 

July  30, 1872 

7i  X  llf 

Do. 

203 

62280 

^ 

July  31, 1872 

7|  X  111 

Do. 

204 

622S1 

(? 

July  31, 1872 

7i  X  lU 

Do. 

207 

6-2282 

9 

July  31, 1872 

7i  X  Hi 

Do. 

208 

622a3 

^ 

July  31, 1872 

7i  X  lU 

Do. 

• 

209 

62284 

i 

July  31, 1872 

7i  X  Hi 

Do. 

210 

62285 

9 

July  31, 1872 

7i  X  Hi 

Do. 

215 

62266 

^ 

Aug.    4,1872 

7i  X  llf 

Middle  Fork,  Idaho. 

Hab, — From  the  Black  Hills  to  the  Pacific^  sonth  into  Mexico. 

I  found  a  few  of  these  beaatifnl  birds  in  the  bushes  that  border  Crow 
Greeky  near  Cheyenne,  and  succeeded  in  obtaining  one  good  specimen, 
No.  1,  (61662.)  I  also  saw  several  in  the  scrub-oak  bushes  at  the  foot 
and  on  the  sides  of  the  Wahsatch  Kange,  near  Ogden. 

At  T6ton  Caiion,  however,  these  birds  are  quite  abundant,  and  here  I 
obtained  eight  specimens.  They  were  generally  seen  on  the  tops  of  the 
pine  trees,  where  the  bright  colors  of  their  plumage  contrasted  beaati- 
fuUy  with  the  dark  green  foliage  of  the  pines.  They  are  secluded  in 
their  habits,  prefering  their  own  society  to  that  of  other  birds,  and 
seldom  approaching  the  habitations  of  man. 

Near  Ogden  they  were  shy  and  suspicious,  and  it  was  difficult  to  get 
within  gunshot  of  them,  while,  on  the  contrary,  at  T6ton  Gallon,  they 
eyed  us  with  curiosity  only,  not  suspicion,  for  they  would  often  follow 
us  for  some  distance,  lighting  near  by,  and  never  trying  to  keep  oat  of 
sight. 


Family  16. — ^FRiNGiLLiD-ffi,  the  Spaerows. 
(Sub-family  Coceothratistince.) 
Carpod(icu8  casainiij  Baird,  (Gassin's  purple  finch :) 


No. 

Catalogne 
number. 

Sex. 

Date. 

Measure- 
ments. 

Locality. 

233 
282 

62325 
62326 

9 
0 

Aug.  21, 1872 
8ept.23, 1872 

6ixl0f 

6ixl(H 

YeUowstone  River,  Wyo. 
Snake  River,  Wyo. 

Sai, — Rocky  Mountains  and  valley  of  the  Golorado. 

These  birds,  the  largest  of  the  American  purple  finches,  are  quite 
rare.  We  met  with  them  but  twice,  once  on  the  Yellowstone,  and  once 
near  Snake  River,  Wyoming  Territory. 
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ChrysomUris  iriatisy  Bonap.,  (yellow  bird  t) 


No.; 

Catalogne- 
numl^r. 

Sex. 

Date. 

MoBBure- 
ments. 

Locality. 

78 

June  15, 1872 
June  15, 1872 
June  17, 1872 
Oct.  11,1872 
Oct.  11,1872 
Oct.  14, 1872 
Oct.  14,1872 

5i   X9iV 
5i    X8* 
5HX7 
5f    X9 
5i    X9i 
H    X8f 
5i\y  X  8ft 

Ogden,  Utah. 

Do. 

Do. 
Fort  Hall,  Idaho. 

Do. 

Do. 

Do. 

80 
84 
295 
296 
303 
305 

61667 
61666 
62335 
62336 
62337 
62338 

Mab. — Kortb  America  generally. 

The  yellow  bird,  American  goldflncb,  or  tbistle-bird,  is  common  at 
Ogden  and  Fort  Hall,  as  it  is  in  most  localities  in  the  United  States.  It 
seems  to  prefer  the  civilized  portion  of  America  to  the  densely-wooded 
districts,  as  we  found  none  in  the  mountains  and  deep  pine  forests. 


Chrygomitris pinus^  Bonap.,  (pine-finch:) 


No. 

Catalogue- 
number. 

Sex. 

Date. 

Measure- 
ments. 

Locality. 

179 
181 
233 

62339 
62340 

July  22, 1872 
July  22, 1872 
Aug.  9,1872 

5    X9i 

5iX8f 
4fX&l 

T^ton  Basin,  Idaho. 

Do. 
Henry's  Lake,  Idaho. 

Hah, — ^Nortb  America,  from  Atlantic  to  Pacific. 

Pine-fincbes  were  quite  numerous  about  the  First  Cottonwood 
Creek,  T^ton  Basin,  where  I  shot  two  specimens,  Nos.  179  (G2339)  and 
181,  (62340.)    We  also  found  them  in  the  vicinity  of  Henry's  Lake, 

where  I  obtained  one.specimen,  N'o.  223,  ( .)    They  were  occasionally 

met  with  by  our  party  in  T^ton  Canon,  but  I  did  not  succeed  in  pro- 
curing any  specimens  there. 


(Sub-family  Spizellinm.) 
Passereulus  alaudinusj  Bonap.,  (lark-sparrow :) 


No. 

Catalogne- 
nnmlSr. 

Bex. 

Date. 

Measnre- 
ments. 

Locality. 

294 

62310 

^ 

Oct.    8,1872 

5}x9J 

Snake  Kiver,  Idaho. 

Hob. — Coast  of  California  and  Lower  Sio  Grande  of  Texas  and 
Mexico. 

On  the  8th  of  October  I  observed  the  only  flock  of  these  birds  seen 
during  our  journey.  They  settled  down  on  a  small  gravelly  island  in 
Snake  Biver,  and  I  succeeded  in  securing  a  fine  specimen. 
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Poocaetes  gramineus^  var.  confinis^  Baird,  (grass-finch :) 


No. 

Catalogue- 
number. 

Sex. 

Date. 

Measure- 
ments. 

No.  of  nest 
and  eggs. 

Locality-. 

4 

G 

61674 
61675 
61676 
61677 
61778 
61777 
62308 

62309 

9 
9 

June    5, 1872 
June    5, 1872 
June    8,1872 
June  17, 1872 
July     7, 1872 
July     7, 1872 
Aug,  28, 1872 

Sept.    7,1872 

6ix  m 

10 

7 

Ogden,  Utah. 
Do. 

35 

6f  X  lOf 
6iX  10 
6    X  lOtfe 
6i  X  lOf 
6iX  U 

6iX  lOi 

Do. 

91 

Salt  Lake,  Utah. 
Fort  Hall,  Idaho. 

151 

152 

Do. 

242 

Lower  Geyser  Basin, 

Wyo. 
Shoshone  Lake^Wyo. 

257 

Eab. — High  central  plains  to  the  Pacific. 

Tiiis  bird — a  mere  western  variety  of  our  common  grass-finch  or  bay- 
winged  bunting,  (P.  gramiiieus) — is  a  very  common  species  at  Salt  Lake, 
and  in  fact  it  was  common  all  along  our  route,  except  in  the  deusely- 
wooded  regions. 

I  found  several  nests  of  these  birds.  They  were  placed  on  the 
ground — generally  under  a  sage-brush — and  were  composed  of  grass, 
laid  rudely  together.  They  lay  four  or  five  light-colored,  spotted  eggs 
in  the  early  part  of  June. 


Cliondestes  grammacaj  Bonap.,  (lark-finch :) 


No. 

Catalogue- 
number. 

Sex. 

Date. 

Measure- 
ments. 

No.  of  nest. 

Locality. 

24 

9 

9 

June  7,1872 
June  14, 1872 
Juno  14, 1872 
Juno  15, 1872 
Juuel8, 1872 
June  25, 1872 
Aug.  27, 1872 

22 

Ogden,  UUh. 
Do. 

Ci) 

61GG8 
61669 
61670 
61071 
61776 
62307 

7      X  lli^c 
6H  X  lOi 

71  X  im 

7A  X  Hi 

08 
75 

Do. 
Do. 

iW 

Do. 

l5?4 

Bear  River.  Utab 

241 

6i  X  m 

Lower  Geyser  Ba^in, 
Wyo. 

Hah. — From  Wisconsin  and  the  prairies  of  Illinois  (also  in  Michigan,) 
to  the  Pacific  coast ;  south  to  Texas  and  Mexico. 

This  plain  but  rich-colored  sparrow  is  quite  abundant  at  Ogden,  and 
from  there  to  Snake  Eiver.  It  is  also  common  at  Fire-Hole  Basin, 
Wyoming  Territory,  where  I  obtained  one  specimen,  No.  241,  (62307.)  I 
coUectedthe  nest  of  the  lark-finch  on  the  7th  of  June  at  Ogden.  It  was 
similar  in  material  and  situation  to  that  of  the  grass-finch  (P.  confini^} 
iust  described,  and  contained  five  fresh  eggs. 

As  the  plumage  of  this  bird  is  richer  and  deeper  than  that  of  the 
grass-finch,  so  are  its  eggs  much  more  beautiful,  their  spots  and  mark- 
ings being  darker  and  more  distinct. 
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Z&nofrichia  leucophrys,  Sw.,  (white-crowned  sparrow :) 


Xo. 


Catalogne-    g^^ 
nainber. 


225  ' 
262 

263  i 


62300 
62301 
62302 


Date. 


Measure- 
ments. 


Locality. 


Ang.  12,1872 
Sept.  12, 1872 
Sept.  23, 1872 


6JX10 
7iX  10 
7    X9f 


Madison  River,  Mont. 
Lewis's  Lake,  Wyo. 
Snake  River,  Wyo. 


Hub. — United  States  from  Atlantic  to  the  Rocky  Mountains,  where 
they  become  mixed  ap  with  Z.  gambelU  Greenland,  Keinhardt. 

Madison  River  was  the  first  place  on  our  route  where  we  met  with 
this  finch.  There  they  were  quite  abundant,  as  they  were  at  Lewis's 
Lake,  where  I  obtained  a  fine  specimen  in  winter  plumage.  Here  they 
were  very  shy,  and  it  was  with  great  difficulty  that  I  secured  a  single 
specimen.  We  also  found  them  in  considerable  numbers  along  Snake 
River. 

Zanotrichia  gamhelii^  Oambel,  (Gambel's  finch :) 


Xo. 

Catalogne- 
number. 

Sex. 

Date. 

Measnre- 
ments. 

L'MMlity. 

300 

62299 

0 

Oct.  13,1872 

6ix8i 

Fort  Hall,  Idaho. 

Hah, — Rocky  Mountains  to  the  Pacific  coast. 

We  met  with  a  few  flocks  of  these  birds  at  Yellowstone  Lake,  and  at 
Fort  Hall,  where  I  obtained  one  specimen.  No.  300,  (62299.)  This  spe- 
cies is  almost  exactly  like  the  preceding,  Z,  leueophrysj  the  only  uotice- 
ahle  difference  being  in  the  black  stripe  on  the  side  of  the  crown,  which, 
in  leucophrys,  passes  down  over  the  upper  half  of  the  lores  and  in  front 
of  the  eye,  sending  back  a  short  branch  to  it,  which  cuts  ofi:*  the  white 
superciliary  stripe.  In  Z.  gamhelii  the  superciliary  stripe  passes  continu- 
ously forward  to  the  lores,  cutting  off*  the  black  from  the  eye.  In  habits 
it  resembles  the  white-crowned  finch  just  described. 

Junco  oregontiSj  Sclater.,  (pink-sided  snow-bird :) 


No. 

Catalogne- 
nnmber. 

Sex. 

Date. 

Measure- 
ments. 

Locality. 

m 

265 
272 
273 
276 
277 
391 

62316 
62317 
62318 
62319 
62320 
62321 
62322 
62323 

9 

Jnly  24, 1872 

Aug.  28, 1872 
Sii)t.l4,1872 
Sept.  IG,  1872 
Sept.  16, 1872 
Sept.  17, 1872 
Sept.  17, 1872 
Sept.  29, 1872 

6fX    9J 
6.iX    9f 
6i  X  lOi 
6f  XlOi 
6f  XlOi 
6iX    9f 
6iX    9i 
6|X10 

T<Ston  CafLon,  Idaho. 
Lower  Geyser  Basin,  Wyo. 
Snake  River,  Wyo. 

Do. 

Do. 

Do. 

Do. 

Do. 

Eah. — Pacific  coast  of  the  United  States  to  the  eastern  side  of  the 
Rocky  Mountains  ]  stragglers  as  far  east  as  Fort  Leavenworth  in  winter 
and  Great  Bend  of  Missouri. 


I . 
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We  first  met  with  the  pink-sided  snow-bird  at  T6ton  Canon,  wkere  I 
secured  one  specimen,  No.  186,  (62316.)  After  this  they  were  very  plenti- 
ful all  along  our  route,  until  we  emerged  from  the  pine  forests  and  once 
more  euter^  the  sage-brush  plains.  We  generally  found  them  in  flocks 
of  from  fifteen  to  twenty,  moving  about  from  tree  to  tree  in  search  of 
their  food. 

One  day,  while  out  shooting  in  the  Lower  Oeysor  Basin,  I  saw  a  snow- 
bird in  a  pine  tree.  I  fired  and  it  fell,  and  supposing  it  to  be  dead,  I 
searched  about  on  the  ground,  under  the  limb  on  which  it  had  been  eat- 
ting,  but  found  no  traces  of  it.  .  1  at  last  discovered  a  small  feather  on  the 
edge  of  a  mouse-hole,  and  thinking  that  the  wounded  bird  might  have 
taken  refuge  in  this  subterranean  abode,  I  commenced  digging  after  him 
with  my  fingers;  I  had  not  gone  far  before  I  thought  I  felt  leathers  ahead; 
grasping  them  with  my  thumb  and  finger,  I  commenced  pulling;  the  bird 
came  a  little  way,  then,  making  a  violent  efibrt,  escaped  farther  into  the 
hole,  leaving  in  my  hand  two  tail-feathers. 

Having  no  implemeuts  to  dig  with,  except  those  with  which  nature 
had  provided  me,  I  was  compelled  to  give  up  the  chase. 

Spizella  sodaliSj  Bonap.,  (chipping  sparrow:) 


No. 

Catalogne- 
nnmber. 

Sex. 

Date. 

Measure- 
ments. 

Locality. 

153 
178 
243 
266 
232 
270 

61779 
62311 
62312 
62313 
62315 
62314 

0 

9 

July   7,1872 
July  20, 1872 
Aug.  27, 1872 
Sept.  14, 1872 
Aug.  22, 1872 
Sept.  15, 1872 

5f    X7H 
5f    X8i 

5t    X8| 
5J    X9| 
5J    X9 

5Hx9 

Fort  Uall,  Idaho. 
Conant  Creek,  Idaho. 
Lower  Geyser  Basin,  Wyo. 
Suake  Eiver,  Wyo. 
Yellowstone  River,  Wyo. 
Snake  River,  Wyo. 

Hah. — North  America,  from  Atlantic  to  Pacific. 

Oar  common  chipping  sparrow  is  too  well  known  to  need  description. 


MehspizafalUiXj  Baird,  (mountain  song-sparrow:) 


No. 

Catalogue- 
number. 

Sex. 

Date. 

Measure- 
ments. 

• 

Locality. 

63 
175 

61673 
62303 
62304 
62305 
62306 

9 

June  14, 1872 
July  18, 1872 
Oct.  12,1872 
Oct.  13,1872 
Oct.  14,1872 

6AX8A 

Ogdeu,  Utah. 
North  Fork,  Idaho. 
Fort  Hall,  Idaho. 
Do. 
•   Do. 

298 
299 
304 

6i    X    8i 

6J    X    8 
6|    X    8i 

JIii6.— Eocky  Mountain  region  from  Fort  Thorn  to  the  Colorado. 

The  mountain  song-sparrow  was  common  at  Ogden,  as  it  was  at  Fort 
Hall  and  on  the  !Korth  Fork  of  Snake  Eiver.  I  found  several  nests  of 
this  bird  at  Ogden,  aboat  the  1st  of  June.  They  were  built  in  a  clump 
of  bushes  in  a  marshy  about  six  feet  above  the  ground,  were  composed  of 
dry  grass  and  rashes,  and  contained  four  to  six  eggs. 
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No. 

Catalogne- 
namber. 

Sex. 

Date. 

Measure- 
ments. 

Number 
of  nest. 

Locality. 

5 

61685 

61686 

61687    • 

61688 

61689 

61690 

62274 

9 

Jnne  5,1872 
June  6,1872 
June  7,1872 
Jnne  8,1872 
June  8,1872 
June  12, 1872 
July  22, 1872 

8i    Xl2tt 

Ogden,  Utah. 
Do. 

16 

21 

•  •«••• ...... 

Do. 

29 

8      X12H 
8i    X121 
BAXl2f 

8fr  xm 

Do. 

31 

Do. 

52 

Do. 

180 

63 

T6ton  Basin,  Idaho. 

Hah. — High  central  plain  from  the  Yellowstone  to  the  Pacific.  Table- 
lands of  Mexico. 

Black-headed  grosbeaks  are  qnite  numerous  among  the  scrub-oaks  at 
the  foot  of  the  Wahsatch  Mountains.  Here  I  obtained  six  good  speci- 
mens. I  obtained  one  of  their  nests  at  the  First  Cottonwood  Creek, 
T6ton  Basin,  Idaho  Territory,  on  the  22d  of  July.  It  was  on  a  cotton- 
wood  sapling,  about  five  feet  above  the  ground,  and  was  composed  of 
pieces  of  grass  and  vines  laid  carelessly  together,  with  their  ends  stick- 
ing out  four  or  five  inches;  it  contained  two  fresh  eggs — ^No.  63,  (16317,) 
9  No.  180  shot.  They  are  peculiar  in  their  habits:  sometimes  you  may 
hunt  half  a  day  without  getting  more  than  a  glimpse  at  them,  as  they 
flit  about  ft*om  bush  to  bush,  yet  their  song,  which  at  times  is  scarcely 
distinguishable  from  that  of  our  common  cat-bird,  {Oaleoscoptes  Caro- 
linensiSy)  seldom  escapes  your- ears;  at  other  times  you  cannot  walk 
about  for  ten  minutes  without  seeing  several  of  them  perched  up  on 
the  top  of  the  highest  bushes  near  by,  entertaining  you  with  their 
song,  without  evincing  the  slightest  symptoms  of  fear. 

Oyanosfiza  amcena^  Baird,  (lazuli  finch :) 


No. 

Catalogue- 
number. 

Sex. 

Date. 

Meaeure- 
ments. 

1 

,  Number 
of  nest. 

Locality. 

19 

61691 
61692 
61693 
61694 
61695 
61696 
61698 
61697 
61699 
61700 
61701 
61702 
61703 
61704 
61105 
61706 
61707 
61708 
61709 
61710 
61711 
61712 
62324 

9 

i 
i 

9 
9 

i 

9 
9 

June  7,1872 
June  7,1872 
June  8,1872 
June  4,1872 
June  9, 1872 
June  11, 1872 
June  11, 1872 
June  11, 1872 
June  11, 1872 
Jun^ll,  1872 
June  11, 1872 
June  14, 1872 
June  14, 1872 
Juno  14, 1872 
Jnne  14, 1872 
Jnne  15, 1822 
June  15, 1872 
Jnne  17, 1872 
June  20, 1872 
June  20, 1872 
Jnne  20, 1872 
June  20, 1872 
July  22, 1872 

Ogden,  Utah. 
Do. 

22 

33 

6     X9i 
5i    X9 

5i    X9|| 
5i    X9 
6     X9i 
54    X9i 
6     X9i 

5f  xm 

5HX9 

^^ 

5i    X8H 
5J    X8f 

5i    X8i 

5f    X9tV 
^    X  9t*5 
5i    X8i 
5J    X9 

Do. 

34 

Do. 

38 

Do. 

45 

Do. 

46 

Do. 

47 

Do. 

48 

Do. 

49 

Do. 

50 

Do. 

61 

Do. 

65 
71 

65 

Do. 
Do. 

72 

Do. 

73 

Do. 

74 

Do. 

d6 

Do. 

114 

Do. 

116 

Do. 

117 

Do. 

118 

Do. 

163 

• 

T^ton  Basin,  Idaho. 

Hob, — ^High  central  plains  from  the  Bocky  Mountains  to  the  Pa<5ific. 
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Tbe  lazali  flucli,  or  blae  lianet,  is  very  common  near  Ogden,  and 
in  tbe  buBlies  that  border  some  of  the  Btrennis  iu  T^ton  Basin.  There 
are  but  few  of  our  western  birds  that  rival  or  even  equal  this  handsome 
little  bird,  either  in  beauty  of  plumage  or  sweetness  of  voice.  They  are 
greenish  blue  above,  the  head  aud  neck  being  of  the  same  color ;  the 
upper  part  of  the  breast  is  chestnut,  separated  from  tbe  throat  by  a  faint 
white  crescent,  and  the  belly  is  white.  They  seem  to  take  great  rtelighi 
in  perching  themselves  up  among  the  branches  of  some  scrnboaks,  not 
far  apart,  trying  to  see  who  shall  excel  the  other  in  pouring  forth  their 
sweet  melodies. 

I  obtained  three  nests  of  this  species  at  Ogden ;  one,  ^o.  8,  (162S3,) 
was  on  a  scrub-oak  about  three  feet  high,  and  tbe  other  two,  JKos. 
9  (16284,)  and  35  (IC285,)  were  on  sage-bushes,  (artemisia,)  about  two 
feet  above  the  ground.  The  eggs,  generally  four  in  number,  -are  laid 
about  tbe  first  or  middle  of  June,  iu  a  beautiful  downy  nest,  compoBed 
of  fibrous  grasses  and  wool,  lined  with  hair. 


PipUo  megalonyx,  Baird,  (spurred  towhee.) 


No. 

Cntalo) 

25 

56 
57 

61(170 

61679 
61680 
616Bt 

69 
77 
1!9 

61682 

61li«3 
61681 

Jane  13, 187a 

Jane  13, 1872 

June  14 

1872 

June  IJ 

1K72 

June  15 

1H7a 

Juue  21 

1872 

»A  X  IH 

8*     X  11* 

SlVX  lOA 

-      X  IU 

8i     X  lli 

Bi     X  11 

m  X  Hi 


Hab. — Southern  coast  of  California  and  across  through  valleys  of  Gila 
and  Bio  Grande,  west  to  Rocky  Mountains. 

Spurred  towhees  are  very  plentiful  in  the  scrub-oaks  near  Ogden; 
Ave  saw  none  elsewhere.  In  habits  they  greatly  resemble  tbe  black- 
keaded  grosbeak,  (Ouiraca  melanocepkaUi.)  About  tbe  middle  of  June 
they  build  a  rude  nest  of  dry  grass  and  leaves;  this  is  placed  on  the 
ground,  generally  at  the  foot  of  a  small  bush,  and  coutaina  four  or  five 
light-colored  eggs,  spotted  with  reddish  browu.  i 


Pipilo  chlorura,  Baird,  (green-tailed  finch 


Locality. 


Jnly  20,1872 
July  *i,  1H72 
Ann.    3,1872 


7|X10J 


Eah. — Valley  of  Rio  Grande  and  Gila;  Rocky  Monntains  north  to 
Yellowstone  Lake ;  south  to  Mexico. 

We  did  not  meet  with  this  species  in  abundance  at  any  locality  on 
our  route. 
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.   Family  17.— Alaudidje,  the  Larks. 
EreniopkUa  comuta^  Boie.,  (horued  sky-lark.) 


No. 

Catalogue* 
uamber. 

Sex. 

Date. 

Measure- 
ments. 

Locality. 

39 

61753 

$ 

June  11, 1872 

7AX13 

Salt  Lake.  Utah. 

Hab. — Everywhere  on  the  prairies  and  desert  plains  of  North  America 
Atlantic  States  in  winter. 

The  horned  lark  is  met  with  in  greater  abundance  than  any  other  bird 
on  our  great  western  plains.  They  are  very  tame,  often  letting  you  pass 
within  si^  or  eight  feet  of  them  without  appearing  disturbed,  and  then 
tbey  generally  run  a  little  to  one  side  instead  of  taking  flight. 

Family  18. — IcTEREDiE,  the  Orioles. 

(Sub-family  Icterincej  tlie  Orioles  proper.) 
Icterus  {Hyphantes)  bulloclcii,  Cassin,  (Bullock's  oriole :) 


No. 


7 

10 
11 
17 
23 
51 
53 
oS 
93 
94 
95 
127 

130 
131 


Catalogue- 
number. 


Sex. 


61713 
61714 
61715 
61716 
61717 
61718 
61719 
61720 
61721 
61722 
61723 
61724 
617'?2 
61783 
61784 
61785 


Date. 


Measure- 
ments. 


Number  of 
nest. 


June 
June 
June 
June 
June 
.Tune 
Juno 
June 
June 
June 
June 
June 
June 
June 
June 
June 


5, 1872 

5, 1872 

6, 1872 

6, 1872 

6, 1872 

7, 1872 

12, 1872 

12, 1872 

14, 1872 

18, 1872 

18, 1872 

18, 1872 

28, 1872 

28, 1872 

28, 1872 

28, 1872 


8A  X  12i 


7f 

7A' 

8 

7i 

8 

8i 

8iV 


llf 

12^ 

m 

llf 

Xl2i 
Xl2| 

xm 

Xl2i 


X 
X 
X 
X 
X 
X 


2  (16261) 

3  (16262) 

12  (16263) 

13  (16264) 
17  (16266) 
19  (16267) 

29  (16268) 

30  (16269) 
33  (16270) 
48  (16278) 


Locality. 


Ogden,  Utah. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Devil's  Creek,  Idaho. 

Do. 

Do. 

Do. 


Eah, — High  central  plains  to  the  Pacific j  rare  on  Upper  Missouri; 
south  into  Mexico. 

The  western  oriole,  in  my  opinion  at  least,  is  the  inost  beautiful  of  all 
our  western  birds.  They  are  very  abundant  in  a  large  marsh  between 
Ogden  and  Weber  Canon :  there  I  collected  sixteen  of  their  nests,  con- 
taining over  sixty  eggs.  They  build  a  beautiful  hanging  nest,  often  ten 
and  a  half  inches  deep,  and  composed  of  fibers  of  grass,  fiax,  and  the 
inner  bark  of  vines,  and  are  generally  lined  with  wool.  The  first  lot 
were  deep  and  solid,  were  composed  chiefly  of  the  fibers  of  flax  and  dry 
grass,  and  had  a  grayish  appearance,  while  the  second  lot — which  were 
built  by  the  same  birds  after  their  first  had  been  taken — were  not  very 
deep,  had  evidently  been  made  in  haste,  and  were  principally  composed 
of  the  inner  bark  of  small  bushes  and  vines,  giving  them  a  brownish 
look.  They  generally  conceal  their  nests  among  the  leaves  on  the  top 
of  a  willow,  from  eight  to  ten  feet  above  the  ground,  in  such  a  position 
that  it  rocks  to  and  fro  whenever  there  is  a  little  wind. 
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(Sub-family  Agdainw^  the  Starlings.) 
Dolichonyx  (n^yzivorus^  (bobolink;  reed-bird:) 


No. 

Catalogue- 
nnml^r. 

Sex. 
9 

Date. 

Measure- 
ments. 

Locality. 

85 

97 

101 

61728 
61730 
61729 

June  17, 1872 
June  18, 1872 
June  18, 1872 

7i    Xl2iV 
7      Xlli 
7tV  X  llf 

Ogden,  Utah. 
Do. 
Do. 

Hah, — Eastern  North  America  to  Eocky  Mountains;  westward  to  Salt 
Lake  and  East  Humboldt  Mountains. 

The  only  place  on  our  route  where  we  met  with  these  birds  was  in  the 
Great  Salt  Lake  Valley  j  here  they  were  quite  abundant. 

Agelaius  phceniceusj  Vieill.,  (red-winged  blackbird :) 


No. 


15 

87 


Catalogue- 
number. 


61725 
61726 


Sex. 


(? 
^ 


Date. 


Measure- 
ments. 


June    6,1872 
June  17, 1872 


•nnf  X  15x6 
9i    Xl5i 


Locality. 


Ogden,  Utah. 
Do. 


Mcib. — United  States,  from  Atlantic  to  Pacific. 

Ked-winged  blackbirds  were  very  common  near  Ogden,  where  they 
were  breeding.  This,  as  well  as  the  preceding  species,  is  too  commoD 
to  need  description. 


Xanthocephahis  icterocepJialtiSy  Baird,  (yellow-headed  blackbird :) 


No. 

Catalogue- 
nnml^r. 

Sex. 

Date. 

Measure- 
ments. 

Locality. 

135 
137 
136 
138 

61786 
61787 
61783 
61784 

June  29, 1872 
June  29, 1872 
June  29, 1872 
June  29, 1872 

m  X  18 
lOf  X  17^ 
lOf  X  IB^ 

8i  X  14i 

Marsh  VaUey,  Idaho. 
Do. 
Do. 
Do. 

Hob. — Western  America,  from  Texas,  Illinois,  Wisconsin,  and  North 
Ked  Kiver  to  California,  south  into  Mexico.    Greenland,  Eeinhardt. 

I  saw  a  few  yellow-headed  blackbirds  in  a  marsh  near  Salt  Lake.  The 
only  other  place  where  we  found  them  was  at  Marsh  Greek,  near  C^* 
peuter's  Ranch,  Idaho  Territory.  Here  I  obtained  four  good  specimeiu 
and  one  nest  The  nest  was  fastened  to  a  clump  of  rushes  in  a  marsh, 
about  five  feet  above  the  water,  and  was  composed  of  dry  swamp-grass. 
It  had  no  lining,  and  presented  the  same  appearance  inside  as  out.  li 
was  very  solid,  and  contained  four  nearly  fresh  eggs  of  a  light  greenidi 
color,  covered  with  darker  spots. 
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Sturnella  neglecta,  Aad.,  (western  lark:) 


No. 

Catalogae- 
nnmber. 

Sex. 

Date. 

Measure- 
ments. 

No.  of  nest. 

Locality. 

3 

61733 
61732 

«? 
$ 

Jane    5, 1872 
June    6,1672 

6 (16277) 

Ogden,  Utah. 
Do. 

13 

Hab, — ^Western  America,  j&om  high  central  plains  to  the  Pacific ;  east 
to  Pembina,  Dakota. 

The  western  lark,  a  mere  variety  of  oar  common  eastern  meadow 
lark,  (&  maffiia,)  from  which  it  is  scarcely  distingaishable  by  the  casual 
observer,  is  as  common  west  of  the  Eocky  Mountains  as  the  latter 
species  is  in  our  Eastern  States.  The  song  of  the  two  birds  is,  however, 
entirely  different.  I  procured  three  nests  of  this  species  at  Ogdeu; 
they  differ  essentially  from  those  of  our  eastern  species  in  being  rudely 
constructed  of  dry  grass  placed  loosely  in  a  little  hole  in  the  ground,  with 
no  aio)  at  concealment,  while  our  meadow-lark  builds  a  neat  covered 
nest  perfectly  concealed  in  a  bunch  of  grass.  The  eggs  closely  resemble 
those  of  8.  magna, 

(Sub-family  QuiscaliruBj  the  Crow  Blackbirds.) 
Scolecophagus  cyanocephalus.  Cab.,  (Brewer's  blackbird :) 


jT    '  Catalogae- 
*      number. 


70 
121 
123 
158 
260 


61731 
61790 
61710 
62272 
62273 


Sex. 


9 
9 
9 


Date. 


Juno  14, 1872 
Juue  25,  Iy72 
June  25, 1872 
July  14,1872 
Sept.  20, 1872 


Measure- 
ments. 


9i  X  15 


»i  X  15f 
m  X  14i 


Locality. 


Ogden.  Utah. 
Bear  Kiver,  Utah. 

Do. 
Snake  River,  Idaho. 
Snake  Eiver,  Wyo. 


Hob* — High  central  plains  to  the  Pacific,  south  to  Mexico ;  Pembina, 
Dakota. 

Brewer's  blackbird,  west  of  the  Bocky  Mountains,  takes  the  place  of 
our  common  rusty  blackbird,  {8,  ferrugineuSj)  which  it  closely  resembles. 
We  met  with  them  in  abundance  at  nearly  all  points  on  our  route,  al- 
though they  were  not  so  common  in  the  densely- wooded  regions  on  the 
mountains  as  they  were  among  the  bushes  and  cottonwoods  bordering 
the  streams  and  rivers  that  run  through  the  dry,  arid  plains.  They 
breed  about  the  middle  of  June,  laying  dark-colored  eggs,  blotched  all 
over  with  dark  brown  and  chocolate. 

Family  19.— Corvid^,  the  Crows. 
(Sub-family  Garrulince^  tJie  Jays.) 
Pica  hudsonica^  Bonap.,  (common  magpie :) 


No. 

Catologne- 
nnmber. 

Sex. 

Date. 

• 

Measure- 
ments. 

Locality. 

146 

61780 

Ad.     July    2, 1872 

14i  X  22i 

Pocotello,  Idaho. 

Sab. — ^Arctic  regions  of  North  America ;  United  States,  from  the  high 
central  plains  to  the  Pacific,  north  of  California. 
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At  Ogden  I  found  au  old  nest  of  this  bird,  showing  that  they  had  re- 
cently lived  here.  They  are  still  quite  abundant  in  Ogden  Cauou,  and 
at  many  other  places  in  the  Wahsatch  Range  near  Ogden.  Port  Neof 
Canon  is  the  first  place  where  we  found  magpies.  Here  they  were  very 
common,  as  they  were  at  Poootello,  where  I  obtained  a  good  specimen, 
No.  14G  (G1780.)  I  also  saw  a  few  at  Fort  Hall  and  on  Snake  River, 
about  forty  miles  above  the  fort  We  saw  none  after  this  until  oa  our 
return,  when  we  met  them  on  Snake  Biver,  ea«t  of  the  T6tons.  After 
this  they  were  common  all  the  way  down  till  we  arrived  within  about 
fifty  miles  of  Ogden. 

Cyaimra  macrolopha^  Baird,  (long-crested  jay:) 


No. 

Catalogue- 
number. 

Sex. 

Date. 

Measure- 
ments. 

Locality. 

189 
206 
2q9 

62241 
62242 
62243 

9 

July  26.1872 
July  22,1872 
Sept.    7,1872 

131  X  ISi 
12f  X  - 
rJi  X  19f 

Tdton  Ca&on,  Idaho. 

Do. 
Shoshone  Lake,  Wye. 

Sal), — Central  line  of  Eocky  Mountains  to  table-lands  of  Mexico. 

This  splendid  bird  is  the  Bocky  Mountain  representative  of  Steller's 
jay,  (0.  Stelleri^)  which  it  differs  from,  principally,  in  having  a  white 
spot  over  the  eye,  the  crest  being  longer  and  fuller,  the  streaks  on  the 
forehead  being  white  instead  of  greenish  blue,  and  the  whole  head  b^g 
darker. 

The  long-crested  jay  is  not  an  uncommon  bird  in  the  Wahsatch  Mount- 
ains. They  are  quite  numerous,  however,  in  the  T^ton  Bange,  where  I 
obtained  two  specimens.  •  • 

At  Shoshone  Lake,  on  the  7th  of  September,  I  saw  a  flock  of  about 
twenty  gray  jays,  {Perisoreua  eanad^nais.)  Among  them  was  a  beautiful 
long-crested  jay,  which  I  succeeded  in  shooting.  It — ^No.  256  (62243) — 
was  in  full  plumage,  and  is  one  of  the  finest  specimens  I  ever  saw.  When 
first  disturbed  they  fly  about  in  an  angry,  scolding  manner,  ofiTertDg  you 
a  fine  shot ;  but  you  must  not  delay  long,  for  they  soon  lose  their  curi- 
osity and  retire  into  the  forest,  keeping  themselves  hid  among  the  pines. 
I  have  often  seen  them  early  in  the  morning  imitating  the  voice  of  the 
hawk-owl  (Siirnia  ulula)  as  they  flew  about  from  tree  to  tree. 

Cyanocitta  woodhonsii,  Baird,  (Woodhouse'a  jay :) 


No, 

Catiilogue- 
uum])t'r. 

Sex. 

Date. 

Measure- 
ments. 

Locality. 

54 
120 

61754 
61755 

9 

June  12, 1872 
June  21, 1872 

12i  X  16f 
Hi  X  15i 

Ogden,  Utah. 
Do. 

ffab. — Central  line  of  Bocky  Mountains. 

Woodhouse's  jay  is  quite  common  at  the  foot  of  the  Wahsatch  Bange, 
where  I  obtained  two  specimens,  the  only  ones  that  were  seen  by  any  of 
our  party  during  the  summer.  They  are  the  Bocky  Mountain  reVresent- 
ativeof  the  Califoruia  jay,  (C  calif ornica^)  which  they  greatly  resemble, 
the  principal  differeuce  being  in  the  under  parts,  which  are  much  darker, 
and  in  the  bill,  which  is  longer  and  more  slender.  They  are  both  westera 
representatives  of  the  Florida  jay,  (C  floridmia^)  which  they  closed 
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resemble,  the  chief  points  of  difference  being  in  the  nndertail  coverts, 
wbich  are  white  in  the  former  and  blue  in  the  latter,  and  in  the  entire 
under  parts,  which  are  much  darker  in*  floridana  tnan  in  calif omica. 
These  slight  differences  are  no  greater  than  those  caused  in  many  other 
species  by  the  great  difference  in  cUmate  and  longitude. 

Perisoreus  canadensis,  Bonap.,  (gray  jay :) 


No. 


194 
196 
196 
S34 
963 
264 
275 
278 
287 
289 


CAtalogne- 

Rax. 

number. 

G2244 

$ 

62245 

62246 

^ 

62247 

^ 

62248 

$ 

0 

62250 

^ 

62251 

62252 

9 

62253 

^ 

Date. 


July  29, 1872 
July  29, 1872 
July  30,1872 
Aug.  22, 1872 
Sept.  13, 1872 
Sept.  13, 1872 
Sept.  16, 1872 
Sept.  18, 1872 
Sept.  27, 1872 
Sept.  27, 1872 


Measure- 
menjts. 


Ill  X  17f 
Hi  X  17i 
12f  X  18 
12  X  17 
12i  X  18 

Hi  X  i7i 

Hi  X  18i 
Hi  X  16i 
11*  X  17f 
12    Xl8i 


Locality. 


T6ton  Ca&OD,  Idaho. 

Do. 

Do.. 
YeUowstone  Ri^er,  Wyo. 
Lewises  Lake,.  Wyo. 

Do. 
Soake  River,.  Wyo. 

Do. 
Second  T^ton  Lake,  Wyo. 

Do. 


Rah. — Northern  America  into  the  northern  parts  of  United  States, 
from  Atlantic  to  Pacific;  more  south  in  Bocky  Mountains. 

We  first  met  gray  jays  at  the  T^ton  Canon,  where  they  were  quite 
numerous,  as  they  were  northward  to  the  Grand  Canon  of  the  Yellow- 
stone, and  down  Snake  Biver  on  the  east  side  of  the  T6ton  Eange.  They 
were  generally  very  tame,  often  alighting  on  a  limb  within  ten  feet  of 
me,  then,  after  eyeing  me  for  a  few  moments,  would  disappear  in  the 
forest.  I  remember  one  occasion,,  near  Yellowstone  Lake,  when  these 
birds  came  about  our  camp,  evidently  in  search  of  eatables,  I  cut  off  a 
few  small  pieces  of  elk  meat  and  scattered  them  about  on  the  ground 
within  a  few  feet  of  me ;  then  one  of  the  jays,  which  had  been  watching 
me  closely  fix)m  a  neighboring  limb,  darting  down,  seized  a  piece  of  the 
meat  and  flew  with  it  into  a  tree  near  by,  and,  after  devouring  it, 
returned  for  more.  I  have  often  heard  hunters  and  others  state  that 
they  had  known  these  jays  to  be  so  bold  as  to  light  on  their  shoulders! 

(Section  CLAMATOEES,  OEYING-BIEDS.) 
Family  23.— Ttbannidjb:,  the  Tybaiyt  Fly-oatohebs. 
lyrojiniM  earolinensiSj  Baird,  (king- bird  :> 


No. 

Catalogue- 
snmber. 

Sex. 

Date. 

Measure- 
ments. 

Locality. 

149 
150 
157 
166 

61771 
61770 
62287 
68289 

9 

July   5,1872 
July   5,1872 
July  14,1872 
July  16, 1872 

8JXl4-fe 

8lX  15tV 
8i  X  14t 
8|Xl4f 

Fort  HaU,  Idaho. 

Do. 
Snake  River,  Idaho. 
North  Fork,  Idaho. 

Sab. — ^Entire  continent  of  North  America. 

We  found  king-birds  quite  common  at  Ogden,  thence  northward  to 
Bnake  Biver,  where  I  found  one  of  their  nests,  No.  60,  (16314;)  it  was 
on  a  rose-bush,  about  four  feet  from  the  ground,  and  contained  three 
ftesh  eggs.  These  birds  mnst  have  raised  one  brood  before  this,  as,  two 
days  before,  I  found  a  nest  at  Blackfoot  Eiver  (twenty-five  miles  from 
here)  that  contained  young  birds  that  were  nearly  full-grown. 

44  a  s 
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Tyrannus  verticaliSj  Say,  (Arkansas  fly-catcher:) 


No. 

Catalogue- 
nnml^r. 

Sex. 

Date. 

Measure- 
mente. 

Number  of 
nest. 

Locality. 

9 

61751 
61748 
61749 
61750 
61781 
61772 

9 

June    6,1672 
Jane    5,1872 
June  14, 1872 
June  14, 1872 
June  26, 1872 
June  28, 1872 

11  (16286) 
15  (10287) 

Ogden.  Utah. 
Do. 

14 

59 

8Axl5i 
9i   Xl6flf 
8f    Xl5i 

8J    Xl5i 

Do. 

60 

Do.' 

i:« 

134 

53  (16288) 

Devil's  Cieek^IddH. 
Do. 

Hob, — Western  North  America,  from  the  high  central  plains  to  the 
Pacific. 

Arkansas  fly-catchers  are  nameroas  in  the  Great  Salt  Lake  Basin,  as 
they  are  among  the  cottonwoods  and  bashes  that  border  most  of  the 
streams  between  Salt  Lake  and  Fort  Hall.  From  the  5th  to  the  2Stli 
of  Jane  I  collected  four  of  their  nests;  they  were  placed  on  willows  or 
cottonwoods,  from  eight  to  fifteen  feet  above  the  gronnd;  were  com- 
posed of  fibrous  roots,  pieces  of  dead  sage-brush,  {artemisia^)  dry  grass, 
&c.,  lined  with  wool  and  other  soft  substances.  The  first  nest  ^at  I 
found  is  really  very  beautiful,  as  well  as  curious;  it  is  composed  d 
fibrous  roots,  stalks  of  dry  grass,  wool,  pieces  of  sage-brush,  with  here 
and  there  a  few  leaves,  and  is  lined  with  wool,  fibrous  bark,  and  thread, 
with  a  feather  occasionally  showing  itself:  there  is  much  wool  on  ttie 
outside  and  all  through  the  nest,  giving  it  a  soft,  downy  at^pearapee. 
This  beaqtiful  structure  contained  four  cream-colored  eggs,  spotted 
with  reddish  and  dark  brown,  the  spots  being  most  numerous  near  the 

large  end. 

• 

T^anntta  vodferanSy  Sw.,  (Gassin's  fly-catcher:) 


No. 

Catalogue- 
D  amber. 

Sex. 

Date. 

Locality. 

2 

61747 

i 

May  29, 1872 

Cheyenne,  Wyo. 

Sab» — Pecos  River,  Texas,  and  into  Mexico  table-lands;  north  to 
Cheyenne,  Wyoming  Territory. 

Cheyenne  is  the  only  place  where  I  observed  this  species ;  there  I 
secured  one  specimen. 

Cassin's  fly-catcher  closely  resembles  the  preceding  species,  (T.  nerti- 
caliSj)  but  is  easily  distinguished  from  it  on  comparison ;  the  yellow  of 
the  breast  is  brighter,  and  the  shoulders  are  more  olivaceons ;  the  bill 
and  feet  are  larger.  The  most  appreciable  character,  however,  is  Betm 
in  the  tail.  In  verticalis  the  whole  outer  web  of  the  external  feather, 
including  the  shaft,  is  purely  and  abruptly  yellowish  white.  In  the 
species  now  under  consideration,  the  shaft  of  the  outer  tail-feather  is  dark 
brown,  its  outer  webs  and  the  tips  of  the  other  feathers  being  light  brown, 
with  the  extreme  edges  only  being  of  a  tolerably  pure  yellowish  white. 

Sayornis  sayus^  Baird,  (Say's  fly-catcher;) 


No. 

Catalogno- 
namber. 

Sex. 

Date. 

Measnre- 
ments. 

Locality. 

122 

61769- 

^ 

June  25, 1872 

8x13* 

Bear  RlTer,  Utak  T. 
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Hob. — ^Missouri  and  central  high  plains  westward  to  the  Pacific  and 
south  to  Mexico. 
Bear  Biver  is  the  only  locality  where  this  species  was  observed. 

Contopu8  borealis,  Baird,  (olive-sided  fly -catcher :) 


No. 

Catalogoe- 
namber. 

Sex. 

Date. 

Measare- 
menta. 

Locality. 

27 

190 

m 

61739 
62281) 
62290 

9 

Jane  8,1872 
July  27, 1872 
July  27, 1872 

7if  Xl3 
7Axl2i 
7f  X  13^ 

Ogden,  Utah. 
T^n  Canon,  Idaho. 
Do. 

Hob. — ^Bare  on  either  coast.  I^ot  observed  in  the  interior  of  the 
United  States,  except  to  the  north.    Foand  in  Greenland,  (Beinhardt.) 

Bat  three  specimens  of  this  rare  species  were  observed:  one  at  Ogden, 
and  the  other  two  at  T^ton  Canon. 

Contcptis  richardsoniij  Baird,  (short-legged  pewee :) 


Ko. 

Catalogue- 
namber. 

Sex. 

Date. 

Measure- 
ments. 

Locality. 

28 
193 

61740 
62291 

9 

9 

Jane  8,1872 
July  27, 1872 

OiXlOf 
6ixlOJ 

Ogden,  Utah. 
Teton  Cafion,  Idaho. 

Hob. — ^High  central  dry  plains  to  the  Pacific;  Bio  Grande  Valley, 
southward  to  Mexico.  Labrador,  (Audubon.) 

The  present  species  is  a  western  race  of  our  common  wood  pewee,  (C 
TtrenSf)  which  it  is  scarcely  distinguishable  from  except  on  comparison. 
The  most  appreciable  difference  is  seen  in  the  breast,  which  in  Richard' 
wnii  is  nearly  of  a  uniform  olive  brown,  while  in  virens  the  middle  line 
of  the  breast  is  paler  than  the  sides. 

JBmpidonax  ptiHllus,  Oab.,  (little  fly-catcher :) 


Ko. 


est 

76 
81 

82 

88 

too 

133 


Catalogae- 
namber. 


61741 
61742 
61743 
61744 
61745 
61746 
61773 


Sex. 


9 


Date. 


June 
Jane 
Jnne 
June 
June 
June 
June 


14, 1872 
15,1872 
16, 1872 
16, 1872 
17, 1872 
18, 1872 
28,1872 


Measure- 
ments. 

6AX^ 
6t    X8f 

6     X- 

5|    X9 
5tV  X  9i 

6     xH 

No.  of  nest. 


39  (16305) 


50  (16306) 


Locality. 


Ogden,Utah. 

Do. 

Do. 

Do. 

Do. 

Do. 
DeviVs  Creek,  Idaho. 


Hob. — High  central  plains  to  the  Pacific }  fur  countries ;  southward 
into  Mexico. 

This  western  race  of  E.  trailUi  was  very  common  in  the  Salt  Lake 
Valley,  where  I  collected  seven  specimens  and  three  nests.  They  build 
a  neat,  compact  little  nest,  which  they  place  in  the  fork  of  a  rose  or 
other  small  bush,  about  five  feet  above  the  ground.  It  is  composed  of 
fibrous  grasses,  flax,  wool,  and  other  soft  substances,  interwoven  with  a 
few  leaves  of  swamp-grass.    It  is  a  curious  fact  that  this  bird  places  all 
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the  wool  and  other  soft,  downy  sabstances  on  the  outside  of  its 
lining  it  with  the  rough  stalks  of  dry  grass. 

About  the  middle  of  June  it  lays  four  light  cream-colored  eggs, 
ingly  spotted  with  dark  reddish  brown  near  the  large  end. 


Order  2.— STRISORES.  SHRIEKINa  BIRDS, 
Family  28. — ^Aloebinib^,  the  E^ingfishsbs. 


Ceryle  aloyon,  Bole.,  (belted  kingfii^her :) 

• 

No. 

Catalogue- 
nnml^r. 

Bex. 

Date. 

Measure- 
ments. 

Iiocallfy. 

252 

62267 

Aug.  30, 1872 

13fx22| 

Lower  Geyser  Basin,  Wyo. 

ffdb. — ^The  entire  continent  of  Xorth  America. 
Kingfishers  were  rare  birds  along  our  route,  as  this  was  the  only 
specimen  seen. 

Family  32.— OAPEiMiiLGtD^,  the  Goatsuckees. 

Antrostomus  nuttalUj  Oassin,  (poor- will:) 


No. 

Catalogue- 
number. 

Sex. 

Date. 

Measure- 
ments. 

Locality. 

26 
55 

61734 
61735 

9 

June  8,1872 
June  12, 1872 

8i  X  174 

8}X15 

Ogden,Utah. 
•Do. 

• 

Rdb, — ^High  central  plains  to  the  Pacific  coasts 

This  rare  bird  was  only  found  on  the  rocky  slopes  at  the  foot  of  the 
Wafasatch  Mountains;  here,  on  the  12th  of  June,  I  obtained  their  eggs; 
they  were  pure  white  without  spots,  and  were  laid  in  a  slight  cavity  in 
the  bare  ground,  without  any  nest.  They  contained  full-grown  embryos, 
and  would  doubtless  have  hatched  in  a  few  hours.  The  male  bird,  Xo. 
55  ^61735.)  was  shot  as  he  1^  the  nest,  and  as  the  feathers  were  worn 
ofi:  nis  belly  by  sitting,  it  is  evident  that  both  male  and  female  take  part 
in  the  incubation. 

Chordeiles  henryij  Oassin,  (western  night-hawk :) 


No. 

Catalogue- 
number. 

Sez. 

Date. 

Measure- 
ments. 

Locality. 

139 

61775 
€2254 
63255 
6225- 

Juv.^ 

June29,1872 
July  17,1872 
July  31, 1872 
Aug.  20, 1872 

Marsli  Creek.  Idaho. 

169 
^05 
230 

91X23^ 
9ix23f 
6iXl6J 

North  Fork,  Idaho. 
T4ton  Ca&OT,  Idaho. 
Upper  Geyser  Baam,  Wyo. 

Hob. — ^Bocky  Mountains^  from  Saskatchewan  to  Mexico. 
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This  Bocky  Mountain  race  of  oar  common  night-hawk  (P.  popetue) 
was  qnite  common  in  the  Salt  Lake  Basin,  thence  north  to  Yellowstone 
Lake,  where  they  were  very  nnmeroos. 

Family  34.— TROOHiLiDiE,  the  Humming-bibds. 
Trochilus  alexaftdrij  Boarc.  and  Mnls.,  (black-chinned  humming-bird :) 


No. 

Catalogae- 
nnmber/ 

Sex. 

Date. 

Measare- 
inentB. 

Locality. 

Ill 
112 
115 

61736 
61738 
61737 

9 

Jnne20, 1872 
June20, 1872 
June  20, 1872 

^  x4f 

mxH 

3*    X4f 

Ogden>  Utah. 
Do. 
Do. 

Hab. — California,  Utah,  Arizona,  and  southward. 

Black-chinned  humming-birds  were  not  uncommon  near  Ogden,  where 
I  obtained  three  specimens;  they  were  breeding  there,  but  I  was  unable 
to  discover  any  of  their  nests. 

SMhUa  eaUiapCj  Gould,  (calliope  humming-bird :} 


No. 

Catalogue- 
namber. 

Sex. 

Date. 

Meaanre- 
ments. 

Locality. 

311 

62371 

9 

July   3,1878 

3iX4i 

Fort  Ellis,  Mont 

Hab. — ^Mountains  of  Montana,  Washington,  Oregon,  and  California, 
to  Mexico. 
This  species  was  only  observed  at  Fort  EUis,  Montana  Territory. 


Order  3.— ZYGODACTYLI,  CLIMBING  BIRDS. 
Family  38.— Picid-e,  the  Woodpeckbbs. 
Pieus  harriaiij  And.,  (Harris's  woodpecker :) 


No. 

Catalogne- 
namber. 

Sex. 

Date. 

Measare- 
ments. 

Locality. 

187 

62260 

$ 

July  24, 1872 

9iXl5| 

T^ton  Ca&on,  Idaho. 

Hah. — ^From  the  Pacific  coast  to  the  eastern  slope  of  the  Bocky 
Mountains. 

This  western  race  of  P.  villosus  was  quite  abundant  in  theTdton  Oaiion, 
thenee  northward,  following  the  pine  forests,  to  Yellowstone  Lake,  and 
the  head- waters  of  Snake  Biver. 
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Picoides  arcticuSj  Gray,  (three-toed  woodpecker  :) 


No. 

Catalogne- 
D  amber. 

Sex. 

Date. 

Measure- 
ments. 

Locality. 

236 

e;2261 

^ 

Aug.  26, 1872 

8f  X141 

Lower  Geyser  Basin,  Wyo. 

ffdb. — ^Northern  portions  of  the  United  States  to  the  Arctic  regions, 
from  the  Atlantic  to  the  Pacific. 
But  one  specimen  of  this  species  was  observed  on  our  route^ 

Picoides  dorsalis^  Baird,  (striped  three-toed  woodpecker:) 


No. 

Catalogue- 
Duml^r. 

Sex. 

Date. 

Measure- 
ments. 

• 

Locality. 

237 

62262 

0 

■ 

Aug.  26, 1872 

7H  X  14| 

Lower  Qeyser  Basin,  Wyo. 

ffab. — Eocky  Mountain  region. 

One  morning,  while  at  breakfast,  in  the  Lower  Geyser  Basin,  I  saw 
this  and  the  preceding  species  busily  engaged  searching  for  grubs  in  a 
dead  tree  near  camp.  I  took  my  gun  and  succeeded.in  shooting  both 
birds.  This  also  is  the  only  specimen  of  its  species  seen  during  the 
summer. 

Sphyropictis  wiUiamsanii^  Baird,  (Williamson's  woodpecker :) 


No. 

Catalogue 
number. 

Sex. 

Date. 

Measure- 
ments. 

• 

Locality. 

254 

62263 

S 

Sept.  6,  1872 

8f  X16J 

Head-waters   of  the    Madison 
River,  Wyo. 

Hob, — Rocky  Mountaius  to  the  Cascade  Mountains. 

As  we  were  crossing  the  main  divide  of  the  Bocky  Mountains,  on  the 
6th  of  September,  when  the  ground  was  covered  with  snow,  I  succeeded 
in  shooting  the  only  specimen  seen  of  this  rare  and  beautifnl  wood- 
pecker. 

Sphyropicus  thyroideus,  Baird,  (brown-headed  woodpecker :) 


No. 

Catalogue- 
number. 

Sex. 

Date. 

Measure- 
ments. 

Locality. 

226 

62259 

Juv. 

Aug.  13, 1872 

9Xl5t 

Madison  River,  Mont. 

jBTaft.-— Wooded  Eocky  Mountain  regions  to  Pacific  slope. 

This  is  another  rare  species,  but  two  specimens  of  which  were  seen. 
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No. 

Catalogue- 
namber. 

Sex. 

Date. 

Measure- 
ments. 

Locality. 

• 

167 
170 
174 

62274 
b^->75 
62276 

9 
9 

July  17, 1872 
July  18, 1872 
July  18, 1872 

11    X2H 
11    X21f 

m  X  20f 

North  Fork,  Idaho. 
Do. 
Do. 

Hab, — Western  America,  from  Black  Hills  to  Pacific. 

North,  or  Henry's  Fork  of  Snake  River,  is  the  only  locality  on  our 
loate  where  this  species  was  met  with :  here,  op  the  17th  of  July,  they 
were  quite  common,  and  very  shy,  and  I  pursued  them  for  several  hours 
before  obtaining  a  specimen.  On  the  18th,  however,  they  were  still 
more  numerous,  and  ^secured  two  specimens  without  much  difficulty. 

Colojfies  mexicanus^  Sw.,  (red-shafted  flicker:) 


No. 

Catalo^e- 
number. 

Sex. 

Date 

Measure- 
ineuts. 

Locality. 

160 
271 

62257 
62258 

9 

July  16. 1872 
Sept.  16,1872 

iH  X  m 

13    X21i 

North  Fork,  Idaho. 
Suake  River,  Wyo. 

Hab. — Western  North  America,  from  Black  Hills  to  Pacific. 

This  western  representative  of  0.  auratus  was  met  with  at  North 
Fork,  T^ton  Canon,  and  Snake  River,  but  was  not  abundant  at  either 
of  these  places.  At  Lewis's  Lake,  however,  they  were  quite  numerous; 
there,  on  the  13th  of  September,  I  counted  twenty-seven  in  one  flock. 


Order  4.— RAPTORES,  BIRDS  OF  PREY. 
Family  40.— Strigid^e,  the  Owls. 
Otns  toilsonianus^  Lesson,  (long-eared  owl :) 


No. 

Catalo^e- 
nnmber. 

Sex. 

« 

Date. 

Measure- 
ments. 

Locality. 

126 

61760 

9 

June  28, 1872 

m  X  37i 

Devil's  Creek,  Idaho. 

Hab. — ^The  whole  of  temperate  North  America. 

I  shot  this  specimen  of  the  long-eared  owl  as  it  was  sitting  in  a  willow, 
directly  under  its  nest,  which  was  made  of  sticks  about  three-eighths  of 
an  inch  in  diameter ;  it  was  about  one  foot  deep  and  two  feet  in  diame- 
ter ;  the  nest  was  empty,  the  young  having  probably  flown  away. 


696 


QEOLOOICAL  SUEVEY  OP  THE  TERRITORIES. 


Athene  hypugasa^  Bonap.,  (prairie-owl :) 


No. 

Catalogue* 
numTOr. 

Sex. 

Date. 

• 
Measure- 
mentB. 

Locality. 

18 
125 

61637 
61761 
61763 
61762 
61764 

9 

9 
Juv. 

June  9,1872 
Juno  26, 1872 
July    1.1872 
July    5,1872 
July    9,1872 

WX2.-,T^ 

Ogden,  Utah. 
Malad  Valley,  Idaho. 
Port  Nenf  River,  Idaho. 
Fort  Hall,  Idaho. 
Do. 

143 

148 

156 

9ix24i 

5Jx16tV 

Hob. — Prairies  and  otber  open  portions  of  the  United  States,  from  tiie 
Mississippi  to  the  Pacific. 

These  little  owls  were  very  plentifal  on  the  great  plains  and  prairies, 
between  Omaha  and  the  Black  Hills.  There  they  li^  and  breed  in  the  de- 
serted holes  of  the  prairie-dogs,  (Cynomys  ludovtcianus.)  They  were 
also  quite  numeroas  in  the  Salt  Lake  Valley  and  northward  to  Snake 
Biver ;  here  they  take  up  their  abodes  in  the  old  holes  of  tiie  badger 
{Taxidea  americana^  Waterh.)  and  coyote,  (Cants  latranSj  Say.)  They 
breed  in  May,  laying  pure-white  eggs. 

Sumia  lilula,  Bonap.,  (hawk>owl:) 


No. 

Catalogue- 
.  number. 

Sex. 

Date. 

Measure- 
ments. 

Locality. 

•224 

62240 

^ 

Aug.  11, 1872 

15  X  31i 

Madison  River,  Mont. 

Rob. — ^Northern  regions  of  both  continents. 

This  specimen  of  the  hawk-owl  is  the  only  one  seen.    I  shot  it  in 
broad  daylight  as  it  flew  past  me  and  lit  on  a  dead  pine  tree. 


Family  41.— Falconidjb,  Diubnal  Birds  op  Pbby. 
(Sub-family  FaloonincBj  the  FdUxm^.) 
Tinnuncultia  gparveritUj  YieilL,  (sparrow-hawk :) 


No. 

Catalogue- 
numl^. 

• 

Sex. 

Date. 

Measure- 
ments. 

Locality. 

161 
168 
171 
l&l 

62236 
62237 
62238 
62239 

9 

9 

Juv. 

9 

July  16, 1872 
July  17, 1872 
July  18, 1872 
July  22, 1872 

lOf  X24i 
11*  X  24i 
10    X21i 
1HX24J 

North  Fork,  Idaho. 

Do. 

Do. 
T6ton  Basin,  Idaho. 

Eah. — ^The  entire  continent  of  America. 

Sparrow  hawks  were  quite  numerous  at  the  North  Fork,  T6ton  Basin, 
and  on  Snake  Eiver,  east  of  the  T^ton  Bange. 


GEOLOGICAL   SUKVEY   OF  THE   TERRITOEIES. 
(Sab-i^amily  AcdpitriwBy  the  Hawks.) 
Aocijpiter  fuscuSy  Bonap.,  (sharp-shinned  hawk :) 
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No. 

Catalogue- 
number. 

Sex. 

Date. 

Measure- 
ments. 

Locality. 

228 
229 

62234 
62235 

^ 

Aug.  20, 1872 
Aug.  20, 1872 

12  X22i 
13|x26 

Lower  Geyser  Basin,  Wyo. 
Do. 

Eah, — ^Througbont  North  America  and  Mexico. 
This  species  was  only  met  with  in  the  Lower  Geyser  Basin^  where  it 
^as  quite  common. 

(Sab-family  ButeaninaSy  the  Buzzard-hawks.) 
Buteo  swainsanij  Bonap.,  (Swainson's  hawk :) 


No. 

Catalogue- 
number. 

Sex. 

Date. 

Meaeufe- 
meuts. 

Locality. 

154 
155 
238 
239 
251 
269 
313 

61765 

61766 
62226 
62227 
62228 
62229 
622:^ 

9 
Pullns 

9 
Juv. 

9 

July   9,1872 
July   9,  1872 
Aug.  27, 1872 
Aug.  27, 1872 
Aug.  30, 1872 
Sept  15, 1872 
July   3,1872 

20i  X  50i 
11    X21 
2H  X  52 

20i  X  m 

m  X  53i 
20i  X  49f 
19    X49 

Fort  Hall,  IdiOio. 

Do. 
Lower  Geyser  Basin,  Wyo. 
Do. 
Do. 
Snake  River,  Wyo. 
Fort  EUis,  Mont. 

Eab. — ^Western  Korth  America ;  accidental  in  New  Bngland. 

This  species,  thongh  not  at  all  numerous,  was  the  most  abundant 
species  of  hawk  along  our  route.  On  the  9th  of  July  I  obtained  one  of 
their  nests  at  Lincoln  Valley,  near  Fort  Hall,  Idaho  Territory.  It  was 
found  on  a  scrub-cedar  on  a  side  hill,  about  nine  feet  above  the  ground, 
and  was  composed  of  sticks,  lined  with  fine  strips  of  inner  bark ;  it  was 
nearly  fiat,  and  measured  twenty-seven  inches  in  external  diameter  by 
ten  in  thickness }  it  contained  one  young  bird  and  one  egg:  the  egg — 
which  contained  a  full-grown  embryo,  which  was  dead  ana  partly  de- 
composed— was  white,  and  measured  2^  inches  in  length  by  If  in 
bieadth. 


Buteo  mantanusj  Nuttall,  (western  red-tail :) 


No. 

Catalogue- 
nnml^r. 

Sex. 

Date. 

Measure- 
ments. 

Locality. 

195 

62231 

9 

July  29, 1872 

23fx54 

T^ton  Oafion,  Idaho. 

ifoft. — ^Western  North  America. 

This  western  representative  of  B.  borealis  was  only  met  with  in  T^ton 
Cafion,  where  I  saw  but  one  pair,  the  female  of  which  I  secured. 


698 


GEOLOGICAL  SUEVEY  OF  THE  TERRITOBIES. 

(Sab-family  MilviwBj  the  Kites,) 


Circus  hudsonius^ 

Vieillot,  (marsh-hawk :) 

No. 

Catalogue- 
number. 

Sex. 

Date. 

Measure- 
ments. 

Locality. 

222 

62233 

Juv. 

Aug.  9, 1872 

21ix50 

• 

Henry's  Lake,  Idaho. 

Hab, — All  of  North  America  and  Cuba. 

Marsh-hawks  were  quite  abundant  in  the  Salt  Lake  Basfn,  thcfnee 
northward  to  Henry's  Lake,  and  down  Snake  Biver. 

(Sub-family  AquilincBj  the  Eagles.) 

Pandion  carolinensis^  Bon.,  (fish-hawk :) 


No. 

Catalogue- 
number. 

Sex. 

Date. 

Measure- 
ments. 

Localitj. 

220 

62232 

1 

Juv. 

Aug.  7,  1872 

23x62t 

North  Fork,  Idaho. 

Hab, — ^Throughout  temperate  North  America. 

Fish-hawks  were  only  met  with  on  the  North  Pork  of  Snake  Biver; 
here  I  shot  one  specimen  as  it  was  soaring  around  its  nest. 


S«lb-€lass  9.-CVRSORES,  SCRATCHINO  BIRDS. 

Family  49.— TETBAONiDiE,  the  Grouse. 
Tetr€U>  obscurusy  var.  richardsonii^  Douglas,  (Bichardson's  groase :} 


No. 

Catalogue- 
number. 

Sex. 

9 

Juv. 

9 
Juv. 

9 

Date. 

Measure- 
menta. 

Locality. 

• 

185 
192 
201 

62216 
62217 
62218 
62219 
62220 
62221 
62222 

Jnly  23, 1872 
July  27,  1872 
July  30, 1872 
July  30,  1872 
Aug.  5,  1872 
Aug.  5,  1872 
Aug.  6,  1872 

18f  X28i 
20ix29i 

T6ton  Callon,  Idaho. 
Do. 
Do. 

202 

Do. 

216 

North  Fork.  Idaho. 

217 

Do. 

218 

18f  X29 

Do. 

Hab. — Central  Bocky  Mountains  and  northward. 

This  bird  is  easily  distinguished  from  the  T.  obscums  by  the  tail,  which 
in  the  latter  is  broadly  tipped  with  light  slate,  while  in  T.  riehardwnii 
the  terminal  band  is  much  narrower  and  more  indistinct,  or  wanting  en- 
tirely. The  species  was  not  abundant,  being  met  with  chiefly  in  the 
T^ton  Mountains.  I  obtained  one  of  their  eggs  in  T^ton  Canon ;  it 
was  light  colored,  sparingly  spotted  with  brown. 


GEOLOGICAL  SUBVEY  OF  THE  TERRITORIES. 
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Centrocercm  urophasianus^  Sw.,  (sage-cock :) 


No. 

Catalogue- 
number. 

Sex. 

Date. 

Measure- 
ments. 

Locality. 

162 
176 
221 

62228 
62225 
62224 

Juv. 

9 

July  16,1872 
July  20.1872 
Aug.     8, 1872 

15iX  — 
22x39i 

21X35^ 

North  Fork,  Idaho. 

Do. 
Henry^s  Lake,  Idaho. 

Hob. — Sage  plains  of  the  northwest. 

We  foand  sage-hens  quite  nameroas  in  the  Salt  Lake  Basin,  thence 
northward  to  Henry's  Lake,  also  in  the  T^ton  Basin  and  on  Snake 
Eiver,  east  of  the  T^ton  Range. 

Pedioecetes  phasianellmj  Baird,  (sharp-tailed  grouse :) 


No. 

Catalogue- 
numMr. 

Sex. 

Date. 

Measure- 
ments. 

Locality. 

144 
145 

61793 
61792 

Juv. 
Juv. 

July     2,1872 
July    2,1872 

6^Xl2i 
6iXl2i 

Port  Neuf  River,  Idaho. 
Do. 

Hob. — ^Northern  prairies  and  plains,  from  Wisconsin  to  Oascades  of 
Oregon  and  Washington. 

We-  met  with  this  species  at  Port  Neuf  River,  thence  north  to  Fort 
Hall  and  Snake  River. 

Bofiasa  unibellus^  var.  unibelloidesj  Baird,  (gray  mountain  grouse :) 


No. 


188 
288 
290 
292 
293 


Catalogue- 
number. 


62353 
62354 

62.355 
62.^56 
62357 


Sex. 


9 
Juv. 

Juv. 
Juv. 


Date. 


July  24,1872 
Sept.  27, 1872 
Sept.  2H,  1872 
Sept.  30, 1872 
Sept.  30, 1872 


Measure- 
ments. 


16    X22 
12i^X20 

'l4f  X^H 
14f  X  22f 


Locality. 


T^tou  Cafion,  Idaho. 
First  T6ton  Lake,  Wyo. 

Do. 
Siiake  River,  Wyo. 

Do. 


Hab. — ^Rocky  Mountain  region. 

This  western  race  of  our  eastern  ruffled  grouse  (B.  umbellns)  was  not 
an  abundant  species,  though  it  was  found  throughout  the  pine  forests 
from  T6ton  Oanon  to  the  Yellowstone. 


Order  8.— GRALLiE,  WADING  BIRDS. 
Family  53. — Gharadbiid^,  the  Plovers. 
^gialiiis  vociferusy  Cassin,  (killdeer:) 


No. 

Catalogue- 
nnml^r. 

Sex. 

Date. 

Measure- 
ments. 

Locality. 

89 
850 

61645 
62362 

9 

June  17,1872 
Aug.  28,1872 

9*X20| 
lOf  X  19i 

Salt  Lake,  Utah. 

Lower  Geyser  Basin,  Wyo. 

Hab, — ^l^ortlt  America  to  the  Arctic  regions ;  Mexico,  South  America. 
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The  killdeer  was  one  of  the  few  birds  that  were  common  all  along 
oar  route.  They  were  very  nnmeroas  about  Salt  Lake  and  in  the  Gey- 
ser Basin.  At  the  latter  place  they  were  in  perpetual  fear  of  the  marsh- 
hawks,  {Circm  hudaoniusy)  which  made  great  havoc  among  thenu 

Family  55.— Soolopaoid^,  the  Snipes. 
OaUinago  wiUonii^  Bonap.,  (English  snipe:) 


No. 

Catalogue- 
numl^r. 

Sex. 

Date. 

Meaanro- 
wentB. 

Locality. 

312 

62370 

^ 

July   9,1872 

9x16 

Fort  Kllifl,  Mont. 

Hah. — ^Entire  temperate  regions  of  ^orth  America. 
Actodromm  bairdiij  Cones.,  (Baird's  sand-piper :} 


No. 

Catalogue- 
number. 

Sex. 

Date. 

Measure- 
ments. 

Locality. 

249 

• 

62361 

$ 

Aug.  28, 1872 

7Xl5f 

Lower  Geyser  Basin,  Wyo. 

Saib. — ^Westem  North  America ;  accidental  on  Atlantic  coast. 

The  Lower  Geyser  Basin  is  the  only  locality  where  these  birds  were 
seen.  There  I  saw  a  flock  of  about  thirty  specimens.  I  fired  into  their 
midst,  wounding  several,  only  one  of  which,  No.  249,  (62361,)  I  secured. 


Symphemia  semipalmata,  Harlt 

;.,  (willet :) 

No. 

Catalogue- 
number. 

Sex. 

Date. 

Measure- 
ments. 

Locality. 

92 
110 
163 

61639 
61638 
62358 

9 

June  17, 1872 
Juno  19, 1872 
July  16, 1872 

16    X30 
15ix27f 
l&f  X29* 

Salt  Lake,  Utah. 

Do. 
North  Fork,  Idaho. 

Hob. — Entire  temperate  regions  of  Korth  America;  South  America. 

While  riding  about  the  marshes  and  sloughs  near  Salt  Lake,  we  were 
generally  escorted  by  a  troupe  of  twenty  or  thirty  willets,  who  kept 
continually  flying  about  over  our  heads,  uttering  loud,  clattering  notes. 
They  would  often  dart  down  in  a  bee-line  for  our  heads,  and  when 
within  eight  or  ten  feet  of  it,  turning  suddenly  and  gra^oeftilly  to  one 
side,  they  would  rise  again  to  repeat  the  performance. 


Oambetta  melanoleuca^  Bonap., 

(telltale :) 

* 

No. 

Catalogue- 
number. 

Sex. 

Date. 

Measure- 
ments. 

Locality. 

235 

62360 

— 

Aug.  23, 1872 

14f  X25 

YeUowBtone  Lake,  Wyo. 

Hob. — ^Entire  temperate  regions  of  North  America;  Mexico. 
The  tell-tale,  or  stone-snipe,  was  very  abundant  on  the  shores  of 
Yellowstone  Lake. 
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No. 

Cstalogne- 
namber. 

Sex. 

Date. 

MeasQte- 
ments. 

Locality. 

173 

62359 

^ 

Jnly  18, 1872 

8jXl3i 

North  Fork,  Idaho. 

Hob. — Entire  temperate  North  America ;  Europe. 
yumenius  hngirostriftj  Wilson,  (long-billed  curlew :) 


No. 

Catal{>gae- 
number. 

Sox.' 

Date. 

Measure- 
ments. 

Locality. 

107 

61640 

— 

Jane  19, 1872 

22^x40 

Salt  Lake,  Utah. 

JBTofc. — ^The  entire  temperate  regions  of  North  America. 

On  the  24th  of  Jane  I  saw  a  flock  of  fifty  curlews  near  Bear  Biver. 
It  was  a  rainy  day,  and  they  were  running  about  among  the  sage-brush, 
(artemisia.)  Upon  my  near  approach  they  took  to  wing,  and  after  cir- 
cling about  for  a  few  minutes  settled  down  again.  They  were  quite 
common  at  Salt  Lake,  and  north  to  the  North  Fork  of  Snake  Biver. 


Family  56.— PhalJlropodid.^,  the  Phalaropes. 


Tkalaropm  wiUaniiy  Sab.,  (Wilson's  phalarope :) 


No. 

Catalogue- 
nnmber. 

Sex. 

Date. 

Meaanre- 
ments. 

Locality. 

105 

140 

61647 
61795 

9 

June  19, 1872 
Jnne  30, 1872 

9»  X  17i 
9    Xl5i 

Salt  Lake,  Utah. 
Marsh  Creek,  Idaho. 

Hob. — Entire  temperate  regions  of  North  America;  New  Mexico,  (Dr. 
Henry.) 

Family  57.— BEOURViROSTRrDJB,  the  Avosets  and  Stilts. 
Beeurviroitra  amerieana,  Gm.,  (American  av^set :) 


No. 

Oatalogue- 
nnmber. 

Sex. 

Date. 

Measore- 
ments. 

Locality. 

104 
106 

61641 
61642 

9 

Jane  19, 1872 
Jane  19, 1872 

17ix29i 
18ft  X  301 

Salt  Lake,  Utah. 
Do. 

Sab. — All  of  temperate  North  America ;  Florida,  (Mr.  Wiirdemann.) 
Avosets  were  quite  numerous  about  Salt  Lake,  thence  northward  to 

the  North  Fork,  opposite  the  Grater  Buttes.    In  habits  they  resemble 

the  willet,  ("Symphemia  semipaJmata,) 


[ 
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Simantopus  nigricollis^  Yieill,  (black-necked  stilt :) 


No. 

Catalogue* 
number. 

ccx* 

Date. 

Measure- 
ments. 

Locality. 

103 
106 

61644 
61643 

9 
9 

June  19, 1872 
June  19, 1872 

14i  X  26i 
14tx27 

Salt  Tiftke,  Utah. 
Do. 

Hab, — United  States  generally. 

We  procured  the  eggs  of  this  species  on  the  17th  of  June  at  Salt 
Lake.  They  were  four  in  number,  and  were  laid  on  a  pile  of  drift-wood, 
in  the  edge  of  a  little  bay  of  the  lake.  The  eggs  measure  If  inches  in 
length  by  1^  in  breadth,  and  are  of  a  light  yellowish  brown  color, 
spotted  and  blotched  with  dark  brown  and  black,  the  spot«  being  most 
numerous  near  the  large  end. 

Family  58.— Grutd^,  the  Cranes. 
0ru8  canadensis^  Temm,  (sand-hill  crane:) 


No. 

Catalogue- 
number. 

Sex. 

Date. 

• 

Measure- 
ments. 

locality. 

219 

62369 

9 

Aug.   6,1872 

47X88 

North  Fork,  Idaho. 

Eah. — Whole  of  western  regions  of  United  States ;  Florida. 

Sand-hill  cranes  were  first  met  with  on  North  or  Henry's  Fork,  thence 
north  to  Yellowstoue  Lake,  and  south  to  Snake  Biver,  below  Jackson's 
Lake.  They  were  quite  numerous  in  all  this  region,  but  as  they  were 
very  shy  it  was  difficult  to  obtain  a  shot  at  them. 


Family  67. — Ballidjb,  the  Bails. 
Porzana  Carolina,  Vieill,  (common  rail :) 


No. 

Catalogue- 
number. 

Sex. 

Date. 

Measure- 
ment/!. * 

Locality. 

79 

61646 

S 

June  15, 1872 

9xl3i 

Ogden,  Utah. 

Hob, — Entire  temperate  regions  of  North  America. 

Bails  were  quite  common  in  a  marsh  at  the  foot  of  the  Wahsatch 
Bange.  Here  I  secured  one  specimen,  No.  79,  (61646,)  and  two  nests, 
Nos.  37  (16303)  and  38,  (16304.)  The  nests  are  large  and  bulky,  and 
were  placed  in  a  clump  of  flags  in  a  swamp.  They  are  composed  of 
marsh-grass,  and  contain  twelre  drab-colored  eggs,  spotted  with  choco- 
late and  reddish  brown. 


GEOLOGICAL  SURVEY  OF  THE  TERRIT0BIE8. 
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Salb-elass  8.~]yATATORi:S,  THE  SWIM1XIER8. 

Order  9.-LAMELLIR0STRES,  ANSERINE  BIRDS. 

Family  69.— ANAXlDiB. 
(Sab-&mily  CygnifUB,  the  Swans.) 
Cygnns  buccinator y  Bich.,  (tmmpeter-swan :) 


No. 

Catalogue- 
numW. 

Sex. 

Date. 

Measure- 
ments. 

Locality. 

284 

62.367 
62368 

^ 
^ 

Sept.  23, 1872 
Sept.  23, 1872 

Snake  Riyer,  Wyo. 
Do. 

285 

Hob. — ^Western  America,  from  the  Mississippi  Valley  to  tbe  Pacific. 
These  large  and  beautiful  birds  were  only  met  with  on  Snake  Biver, 
in  the  vicinity  of  Jackson's  Lake. 

(Sub-family  Anatinasj  the  Biver-ducks.) 
Anas  boschasj  Linn.,  (mallard :) 


1 

No. 

Catalogue- 
numl^. 

Sex. . 

Date. 

Measure- 
Ill  en  te. 

Locality. 

164 
165 

62964 
62365 

Jnv. 
Juv. 

« 

July  16, 1872 
July  16, 1872 

lliX    6^ 
16f  X  11* 

North  Fork,  Idaho. 
Do. 

Hai. — ^Entire  continent  of  North  America  and  greater  part  of  Old 
World. 

Dafila  acuiay  Jenyns,  (sprig-tail ;  pin- tail:) 


No. 

Catalogne- 
nniDTOr. 

Sex. 

Date. 

Measure- 
ments. 

Locality. 

260 

62366 

$ 

Sept  7, 1872 

23^X27 

Shoshone  Lake,  Wyo. 

Hab. — ^Whole  of  North  America  and  Burope. 
Qu&rquedula  cyanapterusj  Gassin,  (red-breasted  teal:} 


No. 

Catalogae- 
nnmber. 

Sex. 

Date. 

Meaeare- 
ments. 

Locality. 

109 

61648 
61649 

June  19, 1872 
1872 

16^X25} 

Salt  Lake,  Utah. 

• 

Hob. — ^Bocky  Mountains  to  Pacific;  accidental  in  Louisiana. 

I  found  the  nest— No.  55,  (16321)— of  this  species  on  the  29th  of  June, 
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at  Marsh  Creek,  Idaho  Territory.    It  was  in  the  swamp-grass,  was  lined 
with  down,  and  contained  nine  eggs. 


Ohaulekunniis  streperus^  Gray,  (gad wall:) 

No. 

Catalogue- 
naniTOr. 

Sex. 

Date. 

Measare- 
ments. 

Locality. 

159 

62363 

9 

July  15,1872 

19|x33i 

Market  Lake,  Idaho. 

JToft. — ^N'orth  America  generally,  and  Europe. 

On  the  29th  of  June  I  found  the  nest  of  this  bird  at  Maish  Greek. 
It  was  lined  with  down,  and  contained  three  fresh  eggs. 


Order  11.— LONGIPENNES,     LONG-WINGED     SWIM- 

MERS. 


Family  76. — Larid^,  the  Gulls. 
(Sub-family  Stemincs^  the  Terns,) 


Sterna  fosteriy  l^nttall,  (Poster's  tern :) 

No. 

Catalogue- 
number. 

Sex. 

Date. 

Meaaure- 

ments. 

Locality. 

141 

61767 
61766 

9 

June  30, 1872 
June  30, 1872 

Marsh  Creek.  Idaho. 

142 

Do. 

Hah. — ^North  America  generally. 


« • 


O  O  L  o  a  Y . 

Sab-Class  I.-IIVSESSOBI»,  THE  PEBCHEBS. 

Order  L— PASSERES. 
(Section  OSOINES,  SINGEBS.) 

Familj  1. — TxiSDroM,  the  THBtrsHsa 

Turdua  swainaonii.  Gab.,  (olive-backed  thrush :) 


No. 

Catalogue- 
number. 

Date. 

Eggs  in 
uest. 

Locality. 

Bemarks. 

62 

16316 

July  21, 1872 

2 

T6ton  Baain,  Idaho 

£ggB  fresh. 

This  nest  was  found  on  a  dead  cotton-wood  sapling,  among  the 
branches  of  a  pine-tree,  on  the  side  of  a  canon ;  it  was  aboat  five  feet 
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above  the  ground,  and  was  composed  of  dry  grass,  lined  with  finer  stalks 
of  the  same.  Its  measurements  were  as  follows:  Depth,  outside,  5.50 
inches;  inside,  2  inches:  diameter,  outside,  3.75  inches;  inside,  3  inches. 

Turdtis  audvhonii^  Baird,  (Audubon's  thrush :) 


Ho. 

Catalogne* 
nauiber. 

Date. 

Eggs  in 
nest. 

Locality. 

Remarks. 

67 

16320 

Jnly  16,1872 

3 

Fort  Ellis,  Mont 

Eggs  fresh. 

This  nest  was  situated  in  a  small  pine-tree  about  eight  feet  from  the 
ground,  in  the  pine  regions  of  the  mountains.  Nest  bulky,  deeply  saucer- 
shaped,  measuring  6  inches  in  external  diameter  by  3  in  depth ;  cavity, 
3  inches  broad  by  about  1.75  deep.  Composed  of  green  moss  and  lined 
with  tine  grass-leaves.  Eggs,  three  in  number,  broadly  ovate,  obtuse^ 
measurement,  .85  inch  in  length  by  .72  in  breadth )  their  color  is  a  rather 
deep  greenish  blue,  exactly  like  those  of  T,  migratorius. 


Oaleoscaptes 

caroUnensiSy 

Gray,  (cat-bird :) 

No. 

Catalogne- 
uumber. 

Date. 

Eggs  in 
nest. 

Locality. 

Remarks. 

55> 

16310 

June  18, 1872 

5 

Oeden,  Utah 

Eggs  nearly  fresh. 

See  page  — . 

OreoHcoptes  montanuSj  Baird,  (mountain  mocking-bird  :) 


No. 

Catalogne- 
namber. 

Date. 

Eggs  in 
nest. 

Locality. 

Remarks. 

26 

16296 

June  10, 1872 

4 

Salt  Lake,  Utah 

Eggs  fresh. 

8ee  page  — . 

Familv  9.— SYLviooLiDiE,  the  Wood -warblers. 
GeotMypU  trichis^  Cab.,  (Maryland  yellow-throat :) 


No. 

Catalogue- 
number. 

Date. 

Eggs  in 
nest. 

Locality. 

Remarks. 

44 

16308 

June  17, 1872 

4 

O'l'den.  Utah ........... 

Eggs  fresh. 

See  page  — . 

Dendroica  cestiva^  Baird,  (yellow  warbler:) 


No. 

Catalogue- 
number. 

Date. 

Eggs  in 
nest. 

Locality. 

Remarks. 

24 

16294 

June  8,1872 

4 

Onden.  Utah 

Eggs  fresh. 

See  page  — . 
45  as 
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Family  10. — Hirundinid^,  the  Swallows. 


Hirundo  lunifronSj  Say.,  (cliff  swallow :) 


No. 

Catalogue* 
number. 

Date. 

Eggs  in 
nest. 

Locality. 

Remarks. 

58 

16312 

July  3,  1872 

2 

RoH8  Fork,  Idaho 

Eggs  fresh. 

See  page  — . 

Cotyle  ripariaj  Boil.,  (bank  swallow :) 


No. 

Catalogue- 
number. 

Date.     . 

Eggs  in 
nest. 

Locality. 

Remarks. 

25 

16295 

June  10,  1872 

7 

Salt  Lake,  Utah 

Eggs  fresh. 

See  page  — . 

Family  16. — Fringillid^,  the  Sparrows. 
Pooecetes  gramineus,  var.  confinis,  Baircl,  (grass  fiDcli :) 


No. 

Catalogue- 
number. 

Date. 

Eggs  in 
nest. 

Locality. 

Remarks. 

10 

16281 
16282 

June  5,  1872 
June  8,  1872 

4 
4 

Offden,  Utah 

Eggs  contained  huge 
embryos. 
Do. 

23 

do 

See  page  — . 

Coturniculus  passerinus^  Bouap.,  (yellow-winged  sparrow :) 


No. 

Catalogue- 
number. 

16280 

Date. 

^l^l"             Locality. 

Remarks. 

7 

June  5,  1872 

4 

Oarden,  Utah 

Eggs  fresh. 

I  found  this  nest  on  the  ground,  by  the  side  of  a  sage-bash.  It  was 
very  light,  being  carelessly  constructed  of  fibrous  roots  and  grasses, 
lined  with  finer  pieces  of  the  same.  It  measured  4.35  inches  in  exterDal 
diameter,  and  contained  four  white  eggs,  spotted  with  reddish  brown. 


Chondestes  grammacdy  Bonap.,  (lark-finch  :) 

No. 

Catalogue- 
number. 

Date. 

Eggs  in 
nest. 

Locality. 

Remarks. 

22 

16292 
16293 

June   7, 1872 
June  16,  1872 

5 

Oeden,  Utah 

Eggs  fresh. 

65 

......do... 

See  page  — . 
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Sjpizella  brewerij  Cass,  (Brewer's 

sparrow :) 

Na 

Catalogue- 
nnmber. 

Date. 

Eggsiu 
nest. 

Locality. 

Remarks. 

61 

16315 

July  21, 1871 

3 

Conant  Creek,  Idaho. 

Nearly  fresh. 

I  foand  but  one  nest  of  Brewer^s  chipping  sparrow.  It  was  placed 
on  a  sage-brush  about  one  foot  above  the  ground,  and  was  composed 
entirely  of  the  stalks  of  dry  grass,  lined  witb  finer  pieces  of  the  same. 
Its  external  diameter  measures  2.80  inches  by  2.30  in  depth;  inside, 
2  inches  broad  by  1.60  deep.  The  eggs  are  greenish  blue,  spotted  with 
chocolate  brown^  the  spots  being  most  numerous  at  and  forming  a  ring 
around  Uie  large  end. 

Melospiza  fallaxy  Baird,  (mountain  song  sparrow :) 


No. 

Catalogue- 
uumber. 

Date. 

Eggs  in 
nest. 

Locality. 

Remarks. 

34 

16301 

June  13, 1872 

4 

Oerden,  Utah 

Eggs  oontainedlarge 
emhryos. 

See  page  — . 

Poiserella  schUtiacea^  Baird,  (slate-colored  sparrow :) 


No. 

Catalogue- 
number. 

Date. 

Eggsiu 
>nest. 

Locality. 

• 

Remarks. 

16 

16290 

June  6, 1872 

6 

Osden,  Utah 

Eggs  fresh. 

This  nest  was  found  on  a  bush  in  a  marsh,  about  six  feet  above  the 
ground.  It  was  composed  of  dry  swamp-grass,  covered  on  the  outside 
with  dead  leaves,  with  here  and  there  a  little  green  moss.  It  was  cup- 
shaped,  very  compact,  and  was  lined  with  fine  stalks  of  dry  grass  and 
hair.  It  measured  about  4.25  inches  in  external  diameter  by  2.75  deep. 
It  was  1.90  inches  deep  inside  by  2.30  broad.  The  eggs  were  light 
greenish  blue,  spotted  and  blotched  all  over  with  dark  brown. 

(jhuiTaea  melanocephala^  Sw.,  (black-headed  grosbeak :) 


No. 

Catalogue- 
number. 

Date. 

Eggsiu 
nest. 

Locality. 

Remarks. 

63 

16317 

July  22, 1872 

2 

T^ton  Basin,  Idaho. .. 

Eggs  fresh. 

See  page  — . 

Cyanospiza  amoena^  Baird,  (lazuli  finch :) 


No. 

Catalogue- 
number. 

Date. 

Eggsiu 
neet. 

Locality. 

Remarks. 

8 

1f{2R» 

June   5, 1872 
June   5, 1872 
June  14, 1872 

3 
4 
4 

Ofirden,  Utah 

Eggs  fresh. 
jDo. 

9          insai 

......do.... 

35 

16285 

do 

Eggs  contained  small 
embryos. 

See  page  — . 
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Pipilo  megali 

myx^  Baird, 

(fipmred  towkee :) 

• 

No. 

Catalogue- 
number. 

Date. 

Eggsiu 
nest. 

Locality. 

Remarks. 

31 

16299 
16300 
16302 

June  13, 1872 
June  13, 1872 
June  14, 1872 

4 
5 
4 

Oflrden.  Utah — - 

Eggs  nearly  fresh. 
Eggs  fresh. 
Do. 

32 
36 

do 

do 

See  page  — . 

Family  18.— Iotebidje:,  the  Obioles. 
(Sub-family  AgelauTUB^  ihe  Starlings.) 
Xanthrocephalus  ieteroeephaluSj  Baird,  (yellow-headed  black-bird.) 


No. 

Catalogue- 
noml^r. 

Date. 

Eggs  in 
nest. 

Locality. 

BemarkSi 

57 

16311 

June  30, 1872 

3 

Maroh  Valley,  Idaho . .. 

See  page  — . 

Sturnella  neglactaj  And.,  (western  lark:) 


No. 


6 

21 
43 


Catalogue- 
number. 


16277 

16276 
16379 


Date. 


June    5,1872 

June    7,1872 
June  15, 1872 


Eggs  in 
nest. 


6 
o 


Locality. 


Ogden,  Utah 

do-.- 

do.... 


Benmrks. 


Eggs     contained 
Luveembiyos. 
Do. 
Do. 


See  page  — . 

(Sub-family  Icterincd.) 
Icterus  huUoeMi^  Bonap.,  (western  oriole :) 


No. 


2 
3 
12 
13 
14 
17 
19 
29 
30 

33 
40 
41 
45 
46 
47 
48 


Catalogue- 
number. 


16261 
16262 
16263 
16264 
16265 
16266 
16267 
16268 
16269 

16270 
16271 
16272 
16273 
16274 
16275 
16276 


Date. 


June 
June 
June 
June 
June 
June 
June 
June 
June 

June 
June 
June 
June 
June 
June 
June 


5 
5 
6 
6 
6 
6 
/ 
12 
12 

13 
15 
15 
17 
17 
17 
17 


11*72 
1872 
1872 
1872 
1872 
1872 
1872 
1872 
1872 

1872 
1872 
1872 
1872 
1872 
1872 
1872 


Eggs  in 
nest. 


6 
6 
4 
5 
4 
4 
6 
5 
6 


5 
5 
3 
1 
3 
2 


Locality. 


Ogden,  Utah 

do  -. 

do.. 

do-. 

do  .. 

do.. 

do  .. 

do  ,. 

do.. 

do  .. 

do.. 

do  .. 

do.. 

do  .. 

do  .. 

do  .. 


Remarks. 


Eggs  nearly  fresh. 

Do. 
Eggs  fresh. 
Eggs  nearly  fr«ah. 
Eggs  fresh. 

Do. 
Eggs  nearly  fresh. 
Eggs  fresh. 
E^gs    contained 

large  embryos. 
Eggs  fresh. 

Do. 

Do. 

Do. 

Do. 

Do. 
Eggs    contained 
smaU  embryos. 


See  page  — . 
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(Sab-family  QuisodlincBj  the  Crow  black-birds.) 
Stoleeofihagus  cyanoeephaluSy  Oab.^  (Brewer's  black-bird :) 


No. 

Catalogue- 
namber. 

Date. 

Eggsiu 
nest. 

Locality. 

Remarks. 

G6 

16319 

Jnne  15, 1872 

Ocrden,  Utah 

Eggs  nearly  fresh. 

Seepage — • 

(Section  ClamatoreSy  crying  birds.) 

Family  23.— TYUAxmiD-a:,  the  Tyrant  Fly-oatohess. 
ISfrannis  earolinensiSj  Baird,  (king-bird:) 


No. 

Catalogue- 
nnmber. 

Bate. 

Eggs  in 
nest. 

Locality. 

Remarks. 

60 

16314 

July  14, 1872 

3 

Snake  Biyer,  Idaho 

Eggs  fresh. 

See  page  — . 

Tyrannus  vertieaUsy  Say,  (Arkansas  fly-catcher :) 


No. 


11 

15 
53 
54 


Catalogae- 
nnmber. 


16286 
16287 
16288 
1G289 


Date. 


Jnne  5, 1872 
June  6,1872 
June  28, 1872 
Jnne  28, 1871 


Eggs  in 
nest. 


4 
1 
2 


Locality* 


Ogden,ntah 

do 

Devil's  Creek,  Idaho .. 
do 


Remarks. 


Eggs  fresh. 

Do. 

Do. 
Eggs  nearly  ready 
to  hatch. 


See  page  — . 

Empidonaa  puHUuSf  Oab.,  (little  fly  •catcher :) 


No. 


39 
50 
41 


Catalogue- 
number. 


16305 
16306 
16307 


Date. 


Jnne  15, 1872 
June  17, 1872 
June  17, 1872 


Eggs  in 
nest. 


3 
4 
4 


Locality. 


Ogden,  Utah. 

do 

do 


Remarks. 


Eggsf 
Do. 
Do. 


fresh. 


See  page  — . 


Order  H.-STRISORES. 


Family  32.— OAPRDfULGiDiE:,  the  Goat-suokers. 
Anirostamua  fmttaUij  Gassin,  (poor  will :) 


No. 

Catalogue- 
nnml^. 

Date. 

Eggs  in 
nest. 

Locality. 

Remarks. 

28 

16298 

Jnne  12, 1872 

2 

Oeden.Utah 

Eggs       contained 
luU-grown  em- 
bryos. 

Seepage — .  • 
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Order  IV.— RAPTORES,  THE  BIRDS  OF  PREY. 

Family  40.— SxBiGiDiE,  the  Owls. 
Athene  hypugo&a^  Bonap.,  (prairie-owl:) 


No. 

Catalogae- 
namber. 

Date. 

Eggs  in 
nest. 

Locality. 

BemarkB. 

^ 

16297 

June  10, 1872 

Salt  Lake,  Utah 

See  page  — . 


Family  41.— Faloonid^. 


(Sab-family  ButeoninoBj  the  Buzzard-hawks.) 
Buteo  8ioai7i8oniiy  Bonap.,  (Swainson's  liawk:) 


Ifo. 

Catalogue- 
number. 

Date. 

Eggs  in 
nest. 

Locality. 

Remarks. 

59 

16313 

July     9,1872 

1 

Fort  Hall,  Idaho 

Egg  decayed. 

See  page  — . 


Order  V.— PULLASTR^. 


Family  43. — Columbid^,  the  Pigeons  and  Doves.  . 
Zenaidura  carolhiensiSj  Bouap.,  (common  dove:) 


No. 


1 
4 
5 

18 

20 
42 


Catalogue- 
number. 


16256 
16257 
16258 
16291 

12259 
12260 


Date. 


June  5, 1872 

June  5, 1872 

June  5, 1872 

June  7,1872 

June    7,1872 
June  15, 1872 


Eggs  in 
nest. 


2 
2 
2 
2 

2 
2 


Locality. 


Ogden,  Utah 

do 

do 

do 


do 
do 


Remarks. 


E 


freah. 


ggsn 

Do. 

Do. 
Eggs      contained 

uirge  embiyos. 
EggsSreah. 

Do. 


Mourning  or  ground  doves  were  very  nnmerous  in  the  Salt  Lake  Val- 
ley, where  I  collected  twelve  of  their  eggs.  They  lay  two  white  eggs, 
either  in  a  slight  excavation  in  the  gronud  lined  with  a  few  pieces  of 
straw  or  dry  grass  laid  loosely  together,  or  in  a  neat  nest  of  fibrous 
roots,  which  is  placed  on  a  bush  from  two  to  five  feet  above  the  ground. 


GEOLOGICAL   SURVEY   OP   THE    TERRITOBIES. 
Sub-elass  II.— CURSORES. 

Order  VI.— GALLING. 
Family  49. — Teteaonid^,  the  Grouse. 
Tetrao  riehardsonii^  Baird,  ( Eichardson's  grouse :) 


711 


No. 

Catalogae- 
number. 

Date. 

Eggs  in 
nest. 

Locality. 

Remarks. 

64 

16318 

July  —,1872 

1 

T^ton  CafLoD,  Idaho 

Egg  stale. 

See  page  — . 

Order  VIII.— GRALL-^. 
Family  57. — RBOURViBOSTRn)^,  the  Avosets  and  Stilts. 
Himantopus  nigricolliSj  Yieill,  ( black-necked  stilt :) 


No. 

Catalogue- 
number. 

Date. 

Eggs  in 
nest. 

Locality. 

Remarks. 

49 

16309 

June  17, 1872 

4 

Salt  Lake,  Utah 

Eggs  fresh. 

See  page  — . 

Family  67. — Rallid^,  the  Bails. 
Farzana  Carolina^  Yieill,  (common  rail  0 


No. 

Catalogue- 
number. 

Date. 

Eggs  in 
nest. 

Locality. 

Remarks. 

37 

16303 
16304 

June  15, 1872 
June  15, 1872 

12 

8 

Ofirden,  Utah 

Eggs  contained 
large  embryos. 

One  young  bird  in 
nest. 

;^ 

do 

See  page  — . 


Sub-elass  III.— NATATORES,  THE  SirilUllIERS* 

Order  IX.— LAMELLIROSTRES. 

Family  69.— ANATiDiE. 
(Sub-family  ATtatinoB^  the  Biver-ducks,) 
Querquedula  cyanopteruSj  Gassin,  (red-breasted  teal :) 


No. 

Catalogue- 
number. 

Date. 

Eggs  in 
nest. 

Locality. 

Remarks. 

55 

16321 

June  29, 1872 

9 

Marsh  Creek,  Idaho .... 

Eggs      contained 
large  embryos. 

See  page  — . 
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Chaulelasmem  streperuSy  Gray,  ( gad  wall :) 


Ko. 

Catalogae^ 
u  amber. 

Date. 

Eggs  in 
nest. 

Locality. 

56 

16322 

June  29, 1^2 

3 

Marsh  Creek,  Idaho.... 

Eggs  fresh. 

See  page  — . 


List  of  birds  found  in  TSton  Basin  and  Canon^  Idaho  Territory,  <^^?  1^^^ 

[This  list  is,  of  coarse,  very  imperfect,  owing  to  the  short  time  we 
spent  in  the  basiu ;  yet  it  will  serve  to  give  some  idea  of  the  birds  found 
in  that  region.] 

Oreoacoptes  montanus^  Baird.    Moautain  mocking-bird. 
Turdus  migratorivsy  Linn.    Common  robin. 
Sialia  arcticaj  Swainsou.    Eocky  Monntain  blae-bird. 
Regulus  calendula^  Licht.    Ruby-crowned  wren. 
Partis  montaniLSy  Gambel.    Mountain  titmouse. 
Vireo  gilvus  var.  sicainsoniy  Baird.    Western  warbling  greenlet. 
Pyranga  Indoviciana^  Bonap.    Louisiana  tanager. 
Carpodacus  cassiniij  Baird.    Gassin's  purple  finch. 
Chrysomitris  pinusj  Bonap.    Pine-finch. 
Pooeeetes  gramineus^  var.  confiniSy  Bd.    Grass-finch. 
Junco  oregonuSy  Sclat.    Pink-sided  snow-bird. 
Pipilo  chU)ruraj  Baird.    Green-tailed  finch. 
Eremophila  cornuia^  Boie.     Horned  sky -lark. 
Stumella  neglecta^  Aud.    Western  meadow-lark. 
Cyanura  ma^rolophaj  Baird.    Long-crested  jay. 
Perisoreus  canadensis^  Bonap.    Gray  jay. 
Gorvus  carnivorous^  Bar  tram.    American  raven. 
Tyrannus  caroUnensis,  Baird.    King-bird. 
Contopus  horealiSy  Baird.    Olive-sided  fly-catcher. 
Contopus  ricliardsonii,  Baird.    Short-legged  pewee. 
Umpidofia^x  pusillusj  Cab.    Little  fly-catcher. 
'  Ceryle  alcyon^  Boie.    Belted  king-fisher. 
Chordeiles  henryiij  Cassin.    Western  night-hawk. 
Picus  harrisiij  Aud.    Harris's  woodpecker. 
Buteo  montanusj  Nuttall.    Western  red-tail. 
Tetrao  ohscurus^  var.  ricliarsonii.    Jtichardson's  grouse. 
Centrocercus  urophasianusy  Sw.    Sage-cock. 
Bonasa  umbellvs,  var.  umbeUoideSy  Baird.    Gray  mountain  grouse. 


List  of  birds  found  in  Fire-Hole  Basinj  Wyoming  Territory ,  Atigust,  1872. 

[This  list,  like  the  preceding,  and  for  the  same  reason,  is  very  impe^ 
feet,  and  will  admit  of  many  additions.] 

Turdus  migratoriusy  Linn.    Common  robin. 
Sialia  arctica,  Sw.    Rocky  Monntain  blue-bird. 
Regulus  calendula^  Licht.    Ruby-crowned  wren. 


GEOLOGICAL  SURVEY  OF  THE  TEEEIT0RIE8. 


713 


Icarus  inontanus^  Gambel.    Mountain  titmouse. 
Myiodioctes  pusilluSy  Bonap.    Oreeu  black-cap  warbler. 
Hirundo  korreorum,  Barton.    Barn  swallow. 
Pooeeetes  gramineus^  var.  confiniSy  Baird.    Grass-finch. 
Chondestes  grammacay  Bonap.    Lark-finch. 
tfunco  oregonmy  Sclat.    Pink-sided  snow-bird, 
Carpodacus  cassinii^  Baird.    Cassin's  purple  finch. 
Chrysomitria  pinusy  (!)  Bonap.    Pine-finch. 
Scolecophagus  cyanocephalus.    Brewer's  blackbird. 
Cyanura  nma'olopliay  Baird.    Long-crested  jay. 
Perisoreus  caTtadetmSy  Bonap.    Gray  jay. 
I^icicorvus  columbiamiSy  Bonap.    Clark's  crow. 
Corvus  eamivamsy  Bartram.    American  raven. 
Tyrannus  carolinensis^  Baird.    King-bird. 
Emp%donax  pusillusy  Cab.    Little  fly-catcher. 
Ceryle  alcyotiy  Boie.    Belted  king-fisher. 
Chordeiles  Jienryiiy  Cassiu.     Western  night-hawk. 
Pictis  harrisiiy  Audubon.    Harris's  woodpecker. 
Picaides  arcticusy  Gray.    Three-toed  woodpecker. 
Picoides  dorsaliSj  Baird.    Striped  three-toed  woodpecker. 
Aeeipiter fuscu8y  Bonap.    Sharp-shinned  hawk. 
Buteo  swainsoniiy  Bonap.    Bwainson's  hawk. 
Circm  hudsoniusy  Yieillot.    Marsh  harrier. 
Spizella  sadalisy  Bonap.    Chipping  sparrow.  « 
Sitta  aculeatay  Ca^sin.    Slender-billed  nuthatch. 
Orus eanadensiSy  Temm.    Sandhill  crane. 
^gialitis  vociferuSy  Cassin.    Killdeer. 
.  JStodromvs  bairdiiy  Cones.    Baird's  sand-piper. 
Bemicla  earuidensisy  Boie.    Canada  goose. 
Felecantis  erythrarhynchuSj  Gm.    American  pelican. 


List  of  the  birds  found  in  Utah  Territory. 

(Note. — ^The  following  list  embraces  all  the  species  known  to  have 
Deen  taken  within  the  limits  of  the  Territory  of  Utah.  For  some  of 
them  I  am  indebted  to  Mr.  Allen^  Mr.  Henshaw,  and  Mr.  Bidgway.) 


1.  Turdus  pallasi. 

2.  Turdus  swainsonii. 

3.  Turdus  audubonii. 

4.  Planesticus  migratorius.  * 

5.  Galeoscoptes  carolinensis. 

6.  Oreoscoptes  montanus. 

7.  Ginclus  mexicanus. 

8.  Sialia  arctica. 

9.  Begulus  calendula. 

10.  Parus  montanus. 

11.  Parus  septentrionalis. 

12.  Campylorhynchus    brunneica- 

pillus. 

13.  Catherpes  mexicanus. 

14.  Salpinetes  obsoletus. 

15.  Cistothorus  palustris. 

16.  Troglodytes  parkmanni 


17.  Anthus  ludovicianus. 

18.  Geothlypis  trichas. 

19.  Geothlypis  macgillivrayi. 

20.  Icteria  longicauda. 

21.  Helminthophaga  ruficapilla. 

22.  Helminthophaga  celata. 

23.  Dendroica  audubonii. 

24.  Dendroica  blackburniae. 

25.  Dendroica  sestiva. 

26.  Myiodioctes  pusillus. 

27.  Setophaga  ruticilla. 

28.  Hirundo  horreornm. 

29.  Petrochelidon  lunifrons. 

30.  Tachycineta  bicolor. 

31.  Tachycineta  thalassina. 

32.  Cotyle  riparia. 

33.  Stelgidopteryx  serripennis. 
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34, 

Vireo  swainsonii. 

87. 

Contopus  virens,  var.  richard- 

35. 

Vireo  olivaceus. 

sonii. 

36. 

Vireo  pluinbeus. 

SS. 

Empidonax  pusillas. 

37. 

Ampelis  cedrorum. 

89. 

Euipidouax  difficilis. 

38. 

Collurio  excubitoroides. 

90. 

Empidonax  bammondiL 

39. 

Pyranga  ludoviciana. 

91. 

Empidonax  obscurus. 

40. 

Oarpodacus  cassinii. 

92. 

Oeryle  alcyon. 

41. 

Carpodacus  frontalis. 

93. 

Antrostomas  nattalli 

42. 

Ohrysomitris  tristis. 

94. 

Cbordeiles  henryi. 

43. 

Ohrysomitris  psaltria. 

95. 

Trocbilns  alexandrL 

44. 

ChrysoQiitris  pinas. 

96. 

Selaspboras  platycercoa 

45. 

Leucosticte  tephreotes. 

97. 

Pious  barrisii. 

46. 

Passercalus  alaadinus. 

98. 

Spbyropicus  nucbalis. 

47. 

P  ooecetes  gramincus,  var.  con- 

99. 

Spbyropicns  williamsoniL 

fiuis. 

100. 

Spbyropicus  thyroideas. 

48. 

Ooturnicalas  pasaerinus. 

101. 

Melanerpes  torqnatus. 

49. 

Ghoudest^s  grammaca. 

102. 

Golaptes  mexicanos. 

50. 

ZoDOtrichia  leucophrys. 

103. 

Otus  wilsonianus. 

51. 

Zouotrichia  gambelii. 

104. 

Atbene  hypagsea. 

52. 

Janco  oregonus. 

105. 

Falco  peregrinus. 

53. 

Junco  cauiceps. 

106. 

Rypotriorcbis  columbarius. 

54. 

Poospiza  bilioeata. 

107. 

Tinnunculus  sparverins. 

55. 

Poos[)iza  belli. 

108. 

Accipiter  fuscus. 

56. 

Spizella  socialis. 

109. 

But^o  swaiusoni. 

57. 

Spizella  breweri. 

110. 

Buteo  moutanus. 

58. 

Melospiza  fallax. 

111. 

Arcbibuteo  sancti-jobannis. 

59. 

Melospiza  lincolDii. 

112. 

Circus  budsonius. 

60. 

Passerella  scbistacea. 

113. 

Aquila  canadensis. 

61. 

Calainospiza  bicolor. 

114. 

Halisetus  leucocepbalus. 

62. 

CalaiAospiza  melanocephala. 

115. 

Catbartes  aura. 

63. 

Cyanospiza  amoeDa. 

116. 

Zenaidura  carolinensis. 

64. 

Pipilo  raegalonyx. 

117. 

Tetrao  obscurus. 

65. 

Pipilo  chlorara. 

118. 

Centrocercus  uropbasianns. 

m. 

Passer     domesticus,     (intro- 

119. 

PediGBcetes  pbasianellus. 

duced.) 

120. 

Bonasa  umbellus,  var.  umbel- 

67. 

Eremophila  cornota. 

loides. 

68. 

Dolichonyx  oryzivorus. 

121. 

Ortyx    virginianus.     (Intro- 

69. 

Molothrus  pecoris. 

duced.) 

70. 

Agelaius  phcBniceus. 

122. 

Lopbortyx  californicns.     (In- 

71. 

Xantbrocepbalus  icterocepba- 

troduced.) 

lus. 

123. 

Lopbortyx  gambelii. 

72. 

Sturnella  neglecta. 

124. 

/Rgialitis  vociferus. 

73. 

Icterns  bullockii. 

125. 

!^gialitis  nivosus. 

74. 

Scolecopbagus  cyanocepbalns. 

126. 

Gallinago  Wilsonii. 

75. 

Corviis  carnivorus. 

127. 

Macrorbampbus  griseus. 

76. 

Corvus  americanas. 

128. 

Pelidua    alpina,   var    ameri- 

77. 

Picicorvus  colambianus. 

cana. 

T8. 

Gymnokitta  cyanocephala. 

129. 

Actodromus  minutilla. 

79. 

Pica  budsouica. 

130. 

Gambetta  melanoleuca. 

80. 

Cyaniira  niacrolopba. 

131. 

Gambetta  flavipes. 

81. 

Cyanocitta  woodhonsii. 

132. 

Triugoides  macularius. 

82. 

Perisoreus  canadensis. 

133. 

Actiturus  bartramius. 

83. 

Tyrannus  carolinensis. 

134. 

Numenius  longirostris. 

84. 

Tyrannus  verticalis. 

135. 

Sympbemia  semipalmata. 

85. 

Sayornis  sayus. 

136. 

Pbalaropus  wilsonii. 

86. 

Oontopus  borealis. 

137. 

Hecnrvirostra  americana. 
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138.  Himantopus  nigricollis. 

139.  Orus  caoadeusis. 

140.  Ibisordii. 

141.  Ibis  alba. 

142.  Ardea  herodias. 

143.  Botaarus  lentiginosas. 

144.  Nyctiardea  grisea,  var.  n^evia. 

145.  Rallas  crepitans. 

146.  Porzana  Carolina. 

147.  Porzana  jamaiceusis. 

148.  Falica  americana. 

149.  Gygnas  americanas. 

150.  Anser  hyperboreus. 

151.  Anser  gambelii. 

152.  Bernicla  canadensis. 

153.  Anas  boschas. 

154.  Dafila  acuta. 

155.  Nettion  carolinensis. 

156.  Qaerqaedala  cyanoptera. 

157.  Spatala  clypeata. 


158.  Ghaalelasmus  streperas. 

159.  Mareca  americana. 

160.  Aixsponsa. 

161.  Fulix  uiarila. 

162.  Falix  affinis. 

163.  Aythya  americana. 

164.  Bucepbala  albeola. 

165.  Erisniatnra  rubida. 

166.  Mergus  americanus. 

167.  Pelecanus  erytbrorhynch  us. 

168.  Graculus  dilopbus. 

169.  Larus  califomicus. 

170.  Larus  delawarensis. 

171.  Ghroicocepbalus  pbiladelphia. 

172.  Xema  sabinii. 

173.  Sterna  fosteri. 

174.  Golymbus  torquatus. 

175.  Podiceps  comutus. 

176.  Podilymbus  podiceps. 


4 


COLEOPTERA. 


By  Geo.  H.  Horn,  M.  D.,  Philadelphia. 

The  species  collected  during  the  expedition  of  1872  are  very  few  in 
number,  and  add  scarcely  anything  to  onr  knowledge  of  distribution, 
and  an  nnusnally  small  number  of  new  forms.  They  are  distributed  as 
follows : 


YELLOWSTONE  LAKE. 

Cincindela  12-guttataj  Dej. 
Cardbus  tcedatusj  Fab. 
Agabus^  n.  sp. 
Colymbetes  binotatuSj  Harr. 
Gyrinus  picipeSy  Aub^. 
affiniSj  Aub6. 
Silpha  lapponica^  Hbst. 
Cantkan  simplex^  Lee. 
Diplotaxis  brevicolliSy  Lee. 
Melanophila  longipeSy  Say. 
Andaates  druryiy  Kby. 
Adelocera  profusay  Gand. 
Ccdoenemis  dilaticolliSy  Mann. 
Iphthimus  serrattUj  Mann. 
Tragoaama  harrisiiy  Lee. 
Argaleus  niieTiSj  Lee. 
CriocephaltM  protractus,  Lee. 

agrestigy  Kby. 
Haltica  bimarginatay  Say. 

T^TON  BASIN. 

CiciTidela  montaimy  Lee. 


AmarapoUtay  Lee. 
gibbtty  Lee. 
Sarpalvs  oblitusy  Lee. 
Biplotaxis  tristesy  Kby. 
8ili8y  n.  sp. 

Eleodes  humeraliSy  Lee. 
Cantharis  sphcerloolliSy  Say. 

SNAKE  BIVEB. 

Platynus  deplanatvsy  M6n. 
Nothopus  zdbroideSy  Lee. 
Harpalm  oblituSy  l^ec. 
Amphizoa  leconteiy  Matth. 
Colymbetes  seminigery  Lee. 

n.  sp. 
Dytisctis  cmifluenSy  Say. 
Aeinceodera  mixtay  Lee. 
Meodes  tricoatatay  Say. 
Cantharis  nuttaliy  Say. 

cyanipenniSy  Lee. 
Epicauta  puncticolliSy  Mann. 

ma^ulatay  Say. 
Chrysamela  philadelphioay  Lino* 


The  most  interesting  of  all  the  species  collected  is  Amphizoa  lecontei 
Matthews,  described  in  July,  1872,  by  Rev.  A.  Matthews,  in  a  pamphlet 
issued  by  E.  Janson,  of  London,  entitled  "  Gistnia  Eutomologica,"  p. 
121.  It  differs  from  our  well-known  A.  inaolemy  Lee.,  by  the  dorsum  of 
the  elytra  being  depressed  along  the  middle  from  near  the  base  to  the 
ftpex,  80  that  each  elytron  along  its  middle  appears  subcostate.  Another 
species  has  been  described  by  the  same  author,  (p.  119,)  but  I  cannot 
see  any  character  by  which  it  can  be  separated  from  the  long  series  of 
A,  insolens  before  me.  It  has  been  named  Amphizoa  JosephL  The  two 
sexes  of  Amphizoa  do  not  differ  greatly ;  the  antennae  of  the  male  are 
very  obsoletely  subserrate,  and  the  female  has  a  somewhat  broader  form 
of  body. 

Of  the  three  new  species  little  need  be  said  here.  Two  are  water- 
Ijeetles,  and  the  family  is  now  in  process  of  revision.  The  Telephoride, 
&'^w,  will  be  described,  with  many  other  new  forms,  in  a  forthcoming 
review  of  the  entire  group. 

It  is  rather  remarkable  that  no  representatives  of  the  families 
^teridcBy  CoecinellidcBy  and  Curculionidce  appear,  and  very  few  Tene- 
^'*>»i(te,  although  the  region  has  on  other  occasions  yielded  many 
representatives  of  all  these  families. 


NOTES  ON  ORTHOPTERA. 

By  Cyhus  Thomas,  Ph.  D. 

Although  the  collection  of  Orthoptera  made  last  season  was  not  so  large 
as  some  former  collections  made  by  the  survey,  yet  it  was  one  of  consid- 
erable interest,  as  it  contained  a  few  new  species,  andassisted  in  determin- 
ing the  range  of  other  species  already  known.  The  collection  was  chiefly 
made  by  Messrs.  Garriugton  and  Brown;  a  few' were  collected  by  Dr. 
Cnrtis.  One  very  important  bottle  of  specimens  was  collected  by  Dr. 
Hayden  personally,  while  temporarily  separated  from  the  main  party 
in  Southern  Montana ;  in  this  I  found  a  new  species  of  Platyphama,  the 
first  of  this  genus  found  in  the  United  States,  though  a  few  species  have 
been  obtained  from  Mexico.  It  also  contained  a  new  species  of  Chryso^ 
ehraan^  somewhat  peculiar  in  having  the  sides  of  the  pronotum  irregu- 
larly waved  and  slightly  converging  in  front. 

As  the  descriptions  of  the  new  species  are  given  in  my  "Synopsis  of 
the  Acrididie  of  North  America,"  which  is  now  in  course  of  publication, 
I  will  not  repeat  them  here,  but  will  only  add  such  notes  in  regard  to 
colors,  habits,  localities,  &c.,  as  are  not  fully  given  in  that  work;  and 
in  doing  this  I  shall  not  attempt  to  arriange  them  systematically. 

I  have  not  as  yet  made  a  thorough  examination  of  the  collection,  yet 
I  have  gone  over  it  sufficiently  to  satisfy  myself  that  there  are  no  new 
species  except  those  already  mentioned.  Although  this  is  the  case,  the 
collection  is  not  without  interest,  as  it  brings  to  view  forms  which  were 
not  seen  in  the  broad  intervening  space  between  Southern  Wyoming 
and  the  borders  of  Montana.  It  also  reveals  the  interesting  fact  that 
(Edipoda  atrox^  Scudd.,  hitherto  found  only  in  California,  re-appears  in 
the  Yellowstone  Basin.  In  the  same  basin  we  again  meet  withDecticus 
trilineatusj  Thos.,  which  has  not  been  seen  west  of  the  dividing  range 
of  the  Rocky  Mountains.  The  ubiquitous  Caloptenus  spretus  is  seen  in 
nearly  every  bottle  of  the  collection  from  Ogden  northward. 

The  following  species  were  found  in  the  Yellowstone- Basin,  probably 
all  from  the  limits  of  the  National  Park:  Ctiloptemis  spretus,  Platyphama 
montana^  Pezotettix  obesay  Stenobothrus  curtipenniSj  (Edipoda  atroxj  (E. 
undulata^  Decticus  trilineattts. 

It  is  somewhat  singular  that  but  two  or  three  crickets  are  found  in 
the  entire  collection. 

The  collection  which  I  made  during  my  excursion  to  the  northwest  was 
comparatively  small,  as  I  did  not  attempt  to  collect  any  except  those 
species  or  varieties  which  appeared  to  be  new,  or  where  there  existed 
some  doubt  in  my  mind  as  to  the  coloring,  in  which  case  notes  were 
made  at  the  time  while  the  specimens  were  ^esh.  As  before  stated,  I 
give  these  notes  without  any  attempt  to  arrange  the  species  systemat- 
ically. 

In  addition  to  the  collections  mentioned,  I  also  received,  specimens 
irom  Jefferson  County,  Alabama,  collected  by  Dr.  G.  T.  Deason  5  from 
East  Tennessee,  through  Theophilus  Eogan,  esq.;  and  from  Mississippi, 
I  suppose  through  Mr.  D.  L.  Phares ;  also  from  the  Agricultural  Depart- 
ment a  very  valuable  collection  made  by  Professor  Glover,  in  Florida, 
some  years  ago. 

In  the  collection  from  Mississippi  I  find  a  very  large,  fine  specimen  of 
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(Erlipoda  discoidea^  Serv.  In  that  from  East  Tennessee  I  had  the  plea- 
sure of  finding  the  first  specimen  of  Pyrgomorpha  I  have  seen ;  the 
species  is  described  in  my  Synopsis.  In  Professor  Glover's  collection  I 
found  a  new  species  of  TryxcUiSy  the  first,  so  far  as  I  am  aware,  that  has 
been  found  in  the  United  States  ;  also  Stenacris  chlorizansj  Walk*  I  at 
first  overlooked  Walker's  description,  and  placed  it  among  the  cylindri- 
cal Opomala  as  a  new  species.  If  this  genus  as  established  by  Walker 
be  retained,  it  will  be  necessary  to  remove  other  species  from  Opomala 
and  place  them  here ;  and  the  position  of  the  eyes  will  then  be  the  only 
distinguishing  feature  of  Mesops. 

(Edipoda  phcenicoptera^  Germ. 

I  met  with  this  species  (June  21)  in  Southern  Dakota,  between  Yank- 
ton and  Springfield,  (Bon  Homme  County.)  The  wings,  though  usnally 
of  the  bright  red  common  to  this  species,  are  frequently  yellowish,  with 
but  a  faint  reddish  tinge.  These  specimens  vary  slightly  from  the  osoal 
type  in  the  form  and  size  of  the  spots  of  the  elytra,  the  variation  being 
toward  (E.  corallipes^  Hald. 

CE.  discoidea^  Serv.;  (E.  rugosa^  Scndd.;  (E,  coraUipMy  Hald.;  (E.  Halde- 

manmij  Scudd. ;  (E.  paradoxay  Thos. 

My  investigations  the  past  season  have  increased  my  donbt  in  respect 
to  the  distinction  of  these  species.  I  have  now  in  my  collection  speci- 
mens from  Mississippi,  Washington  City,  Ulinois,  Nebraska,  Kansas, 
Dakota,  Colorado,  Wyoming,  and  Utah,  and  although  there  are  slight 
variations  in  the  markings  of  the  elytra,  the  rugosity  of  the  thorax,  and 
the  color  of  the  disk  of  the  wings,  yet  these  variations  fade  so  insensibly 
from  one  into  the  other  that  there  is  no  possibility  of  fixing  the  line  of 
distinction.  Locality  appears  to  have  something  to  do  with  these  varia- 
tions, but  does  not  govern  them  entirely.  For  example,  a  specimen  before 
me,  from  Mississippi,  has  the  disk  or  basal  portion  of  the  wing  an  orange- 
red,  while  another,  by  the  side  of  it,  from  Nebraska,  has  it  lemon-yellow 
with  splotches  of  orange-red.  The  former  is  evidently  the  di^catdea  of 
Serville,  and  the  latter  stands  about  midway  between  rugosa  and  coral' 
lipes.  When  we  examine  them  closely,  the  following  differences  are 
seen :  taking  the  first  as  the  standard,  (both  females,)  the  latter  has  the 
pronotum  slightly  shortened,  and  more  wrinkled  and  rugose,  being 
slightly  tuberculate,  the  posterior  femora  a  little  less  dilated,  and 
the  contour  as  a  general  thing  more  full  and  rounded :  the  spots  on  the 
elytra  are  a  little  larger,  though  very  similar  in  form  ana  position.  When 
we  remember  that  the  former  is  from  a  locality  of  rank  vegetation  and 
moist  atmosphere,  while  the  latter  is  from  a  locality  just  the  opposite, 
will  not  this  account  for  the  differences  in  the  pronotum  f  if  these 
stood  alone,  I  might  suppose  they  were  different  species;  but  pinned 
close  beside  is  a  specimen  (a  female)  from  Southern  Illinois,  with  the  base 
of  the  wings  a  clear  bright  lemon-yellow ;  the  pronotum,  though  a  little 
more  shortened,  yet  in  other  respects  is  much  like  the  specimen  from 
Mississippi,  the  spots  on  the  elytra  enlarged,  the  small  ones  apparently 
absorbed  into  the  larger,  the  spaces  also  comparatively  large,  yet  the 
specimen  is  smaller  than  either  of  the  others.  The  specimens  from 
Washington  correspond  vei-y  closely  with  the  last,  (from  Illinois,)  but  are 
rather  smaller,  and  the  pronotum  is  slightly  more  rugose  on  the  disk. 
Now,  if  we  pass  to  the  western  plains,  we  find  the  ffaldemannii  of  Scudd^ 
and  coralUpeSy  Uald.,  which  are  absolutely  so  closely  allied  that  they 
scarcely  constitute  different  varieties,  it  being  an  impossibility  to  dis- 
tinguish alcoholic  specimens  except  in  extreme  cases.    These  are  of 
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larger  size  than  the  rugosa^  the  wings  yellow  at  base,  and  the  inside  of 
the  posterior  femora  generally  a  bright  coral-red,  the  pronotum  some- 
what more  wrinkled  and  rugose  than  the  Nebraska  specimen,  (which  has, 
as  I  shoald  have  stated,  the  posterior  femora  orange-yellow  inside  and 
the  tibise  yellowish,  tinged  with  red;)  the  spots  on  the  elytra  are  more 
broken  up.  In  Utah,  we  meet  with  another  variety  which  resembles 
very  closely  the  coralltpes  except  that  the  wings  are  pale-red  at  base  and 
the  inside  of  the  posterior  femora  yellow. 

In  consideration  of  all  these  facts,  we  are  certainly  justified  in  think- 
ing it  highly  probable  that  these  are  biit  varieties  of  the  same  species, 
the  differences  being  attributable  to  the  differences  of  climate  and  food, 
those  in  the  moister  climate,  where  the  vegetation  is  ranker  and  where 
they  are  leBs  exposed  to  the  sun,  being  darker  and  '^plumper"  than  those 
foand  on  the  more  arid  plains  of  the  West. 

(E.  hiowaj  Thos. 

Female. — The  central  foveola  of  the  vertex  is  not  exactly  quadrilateral  ^ 
but  somewhat  hexagonal.  Parts  of  the  mouth,  pectus,  and  venter  yel- 
lowish-white.  Face,  dirty  brown ;  lateral  carinaB  distinct,  reaching  the 
corners  of  the  face;  cheeks,  dusky  or  dark  brown;  from  the  upper 
margin  of  each  eye  a  pale  stripe  runs  back  to  the  pronotum ;  the  pos- 
terior part  of  the  occii)ut  fades,  backward,  from  dusky  to  yellow ;  pro- 
notum dusky  with  paler  spots.  The  angles  (or  longitudinal  corners 
when  folded)  of  the  elytra  are  marked  with  a  narrow  yellow  stripe ; 
the  apper  (posterior)  nan*ow  field  dusky;  rest  as  described  in  re- 
port of  1871.  Posterior  tibiad  bright  blue,  with  an  indistinct,  pale 
ring  below  the  knee ;  apex  black.  Tarsi  pale  yellow.  Wings  pellucid 
with  a  few  fuscous  dots  near  the  apex ;  nerves  and  nervules  of  the  apical 
I>ortion  dusky;  rest  pale  or  white. 

Dimensions. — Length,  .87  inch;  elytra,  .86  inch;  posterior  femora,  .52 
inch }  posterior  tibise,  .46  inch ;  pronotum,  .20  inch. 

Taken  at  Lincoln,  Nebraska,  August  3. 

a 

(E.  tenehrosa^  Scudd^ 

Yar.  With  disk  of  the  pronotum  pale,  cinereous,  Tomonoivs  pseudo- 
nietanus^  Thos. 

Antennae  fuscous,  and  considerably  flattened  toward  the  extremity. 
The  pale  portions  of  the  mouth  and  face  are  slightly  tinged  with  pale 
rufous.  The  disk  or  basal  portion  of  the  wings  a  very  bright  brick-red. 
Posterior  femora  with  three  distinct  white  bauds;  posterior  tibiae  black, 
with  a  white  ring  below  the  knee. 

Taken  at  Lincoln,  Nebraska,  August  3. 

(E.  verrueulataj  Kirb. 

In  the  southwestern  part  of  Minnesota,  (August  19,)  I  noticed  quite  a 
number  of  individuals  of  this  species  sticking  to  the  weeds  along  the  road- 
side. Supposing  them  to  be  alive,  I  stopped  to  collect  some,  when,  to 
my  surprise,  I  found  they  were  all  dead;  again  and  again  I  repeated  the 
experiment,  but  with  the  same  result.  All  these  appeared  to  be  females; 
their  colors  as  bright  as  though  living. 

Stenobothrus  maeulipennis  f  Scudd. 

Female. — Face  dull,  rusty  yellow ;  cheeks  and  sides  of  the  head  brown, 
darkest  immediately  back  of  the  upper  part  of  the  eye,  where  it  forms 
an  ill-defined  stripe  which  runs  back  to  the  pronotum.  Occiput  and 
disk  of  the  pronotum  pale  brown. 

The  black  or  dark-brown  stripe  running  back  from  the  eye  continues 
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along  the  apper  portion  of  the  side  of  the  pronotam,  passing  orer  tlie 
lateral  carinse  npon  the  disk  of  the  posterior  lobe ;  the  lateral  carios 
yellowish.  The  elytra  have  a  pale  strii>e  along  the  lower  (or  anterior) 
field,  near  the  margin ;  a  narrow  stripe  along  the  middle  fleld  is  marked 
with  black  or  dark  fuscous  spots,  Ibnr  or  five  in  number;  the  portioa 
above  this  and  the  apical  third  semi-transparent,  distinctly  tingi^  with 
reddish  purple.  Wings  transparent  but  tinged,  especially  the  front  and 
apical  portions,  with  reddish  purple ;  the  nerves  and  nervules  of  the^ront 
portion  dusky.  Posterior  femora  pale  yellow;  a  narrow  dasky  stripe 
along  the  upper  carina  (or  rib)  of  the  disk ;  two  pale  dusky  spots  on  the 
inside  of  the  upper  carina.  The  posterior  tibia  has  the  lower  two-thirds 
of  the  under  surface  dusky,  the  rest  pale  yellow ;  spines  white  at  tiie 
immediate  base,  rest  black.    Antennae  pale  rufous. 

The  pronotum  expands  but  moderately  on  the  posterior  lobe,  the 
lateral  carinsB  curving  regularly  inward,  (though  moderately,)  the  closes! 
approximation  being  in  advance  of  the  middle;  posterior  margin  ob- 
tusely rounded;  no  entering  angle  on  the  posterior  lateral  margin, 
though  it  slightly  (very  slightly)  curves  inward  from  the  humems  to 
the  lower  angle. 

The  sub-anal  plate  of  the  male  is  slightly  elongate,  fleshy,  entire,  and 
rounded  at  the  tip. 

Dimensions. — 9  LfCngth,  .75  inch;  elytra,  .60  inch;  posterior  femora,  M 
inch;  posterior  tibiae,  .38  inch;  pronotum,  .13  inch,  i  Length,  .64  inch; 
elytra,  .52  inch;  posterior  femora,  .40  inch;  posterior  tibisB,  36  inch. 

Abundant  in  the  vicinity  of  OmiAa,  Nebraska,  August  1.  This  inde- 
pendent description,  taken  from  living  specimens,  is  given  here,  that  it 
may  be  used  as  a  means  of  comparison  with  specimens  from  other  locali- 
ties, as  there  is  so  much  difficulty  in  distinguishing  some  of  Mr.  Scaddei'B 
closely  allied  species,  if  in  fact  they  are  distinct  which  is  a  matter  of 
some  doubt 

Caloptenus  oceidentalis  t  Thos. 

In  •  the  Minnesota  portion  of  Bed  River  Valley,  at  Glyndon,  on  the 
Northern  Pacific  road,  and  near  Morris,  on  the  Saint  Paul  and  Pacific 
road,  I  found  a  small  variety  of  this  genus  quite  abundant,  which,  though 
difiering  slightly  from  oc(ndentaliSy  appears  to  belong  to  that  species. 

Foveola  of  the  vertex  elongate,  rounded  in  front;  frontal  costa  solid 
above  the  ocellus  and  slightly  sulcate  below  it,  with  a  row  of  pnnctiires 
each  side.  The  pronotum  has  the  lateral  carinsB  tolerably  well  defined 
and  almost  right-angled,  especially  in  the  male.  Elytra  and  wings  about 
as  long  as  the  abdomen  in  the  female.  Posterior  femora  reach  the  tip 
of  the  abdomen.  AntennsB  extend  to  the  posterior  extremity  of  the 
pronotum.  Prosterual  spine  broadly  transverse  at  the  base.  The  oerci 
of  the  male  are  short  and  tapering,  turning  up  very  slightly;  the  tip  of 
the  sub-anal  plate  is  entire,  not  notched. 

Color  of  the  living  insect — ^The  face  is  sometimes  almost  milk-white,  with 
a  few  luteous  or  purplish  dots  sprinkled  over  it ;  the  cheeks  are  pale,  bat 
a  black  stripe,  quite  narrow,  runs  down  the  sulcus  below  the  eye;  the 
usual  black  stripe  behind  the  eye,  extending  upon  the  pronotum,  is  pres- 
ent, but  is  very  variable.  The  lateral  and  posterior  margins  of  the  pro- 
notum are  bordered  by  a  broad  pale,  purplish  band;  a  very  narrow 
white  stripe  extends  down  the  side  of  the  thorax  from  the  base  of  the 
elytra  to  the  insertion  of  the  posterior  legs.  The  elytra  are  almost  uni- 
form in  color;  sometimes  a  few  dim  dots  can  be  seen  along  the  middle 
field,  yet  many  specimens  appear  to  have  theii;i  unspotted ;  the  general 
color  is  a  dark  ashy  brown,  wings  transparent,  tinged  with  blae ;  this 
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blaish  cast  is  very  evanescent,  almost  wholly  disappearing  from  a  speci- 
men kept  for  ten  hoars,  though  not  immersed  in  any  liquid.  The  exter- 
nal face  of  the  posterior  femora  is  crossed  by  three  oblique  dark  and 
two  intermediate  white  bands;  the  dark  bands  cross  over  to  the  upper 
margin  of  the  inner  face;  inner  fEK$e  and  under  side  yellow.  The  pos- 
terior tibisB  pale  greenish  blue,  generally  with  a  dark  ring  near  the  base ; 
spines  black.  I&»i  dark  above,  white  beneath.  Abdomen  dark,  mot- 
tled above ;  the  posterior  margins  of  the  segments  bluish  white;  venter 
yellowish  white. 
Length  about  .8  or  .9  of  an  inch.    July  5-11. 

0.  bivitMuSy  Say. 

This  species  is  very  variable,  both  in  color  and  size,  yet  it  is  easily  re- 
oognized  in  idmost  any  of  its  numerous  variations,  and  it  is  only  the 
more  particular  investigation  that  causes  the  entomologist  to  doubt  the 
identity.  I  herewith  give  some  notes  in  regard  to  the  varieties  met 
with  the  i>ast  summer  in  the  Northwest. 

Omahaj  Augwt  1. — FemaUy  living  specimen.  Stripes  on  the  pronotum 
very  distinct,  rather  broad,  reddish  yellow,  the  intermediate  space  a 
velvety  black,  (or  dark  fuscous.)  The  general  color  of  the  sides  of  the 
insect,  a  purplish  red ;  the  face,  and  the  external  face  of  the  posterior 
ftmora,  the  same  color;  the  upper,  external  carina  of  the  posterior  fem- 
ora, shining  black ;  posterior  tibise  deep  blue,  fading  at  the  apex  to  pale 
rufoQs;  tarsi  rufous.  Elytra  slaty  brown,  with  a  few  dusky  spots  near 
the  base  on  the  disk.  Wings  transparent,  but  tinged  with  red ;  nerves 
and  nervules  along  the  front  margin  dusky ;  rest  colorless.  The  pos- 
terior femora  have  two  black  spots  on  the  upper  margin  of  the  internal 
iisM^e ;  the  spines  of  the  posterior  tibisB,  black.  These  specimens  were 
foand  abundant  on  a  tall  weed  much  like  hemp,  in  company  with  C  dif- 
ferentialis  saidAcridium  emarginatum.  In  some  specimens  the  dark 
stripe  along  the  posterior  femora  occupies  the  upper  half  of  the  disk ; 
then  there  is  above  this  a  yellow  line,  between  the  upper  lateral  and 
dorsal  carinse,  and  then  a  dark  stripe  along  the  upper  margin  of  the  in- 
ner &ce.  The  general  color  is  sometimes  a  dark  ashy  green,  which 
'  prevails  on  the  head,  sides,  and  beneath.  The  cerci  of  the  males  are 
broad,  extending  back  a  short  distance,  then  bend  suddenly  upward, 
leaving  a  round^  protrusion  on  the  lower  edge.  Sub-anal  plate  obtuse 
sod  entire  at  the  tip. 

In  Platte  bottoms  I  noticed  quite  a  number  of  individuals  of  this  spe- 
oies  in  the  long  rank  grass,  with  the  general  color  a  bright  yellow, 
while  others  were  ashy  green,  yet  the  two  varieties  were  frequently 
seen  pairing.  This  yellow  variety  was  also  seen  at  Sioux  Falls,  Da- 
kota, August  25. 

0.  iifferentialiSj  Thos. 

The  individuals  of  this  species  found  at  Omaha,  August  1,  in  com- 
pany with  the  previous  species,  had  the  antennse  red ;  general  color  of 
the  head  and  thorax,  pale  olive ;  abdomen  and  pectus,  bright  yellow. 

IHmeimom, — S  Length,  1.2  inches ;  elytra,  1  inch ;  posterior  fermora, 
.63 inch;  posterior  tibiae,  .58  inch;  pronotum,  .24 to  .26  inch. 

At  North  Platte  I  noticed  quite  a  number  of  the  dark  variety  of  thia 
species,  with  bright  yellow  stripes.  This  variety  has  jbhe  posterior  fem- 
ora marked  with  black  bands,  and  the  general  color  is  quite  dark,  al- 
most a  black.  These  were  found  congregated  on  a  large  weed  growing 
profnsely  in  the  Platte  bottoms,  and  were  often  seen  pairing  with  other 
varieties. 
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Aeridium  emarginatumy  Uhl. 

Male. — Taken  at  Omaha,  Aogast  1.  Face  greenish  yellow ;  a  row  of 
distinct  black  punctures  down  eaoh  margin  of  the  frontal  costa,  and  a 
row  across  the  upper  part  of  the  clypeus.  Palpi  and  antennse  bright 
yellow.  The  dorsal  stripe  on  the  head  and  pronotnm  bright  yellow,  ex- 
tending forward  over  the  vertex  and  down  the  front  nearly  to  the  cen- 
tral ocellus;  its  extension  on  the  sutnre  of  the  elytra  yellowish' white; 
it  is  bordered  each  side  by  a  broad,  diu^k  greenish  brown  stripe,  which 
fades  on  the  sides  into  reddish  brown  on  the  elytra,  and  paler  greenish 
brown  on  the  pronotnm,  these  latter  colors  occupying  the  entire  sides. 
The  prouotum  has  scattered  over  it  golden  dotes.  Wings  transparent, 
pale  greenish  yellow  at  base,  the  front  margin  and  apical  half  tinged 
with  pale  reddish  brown ;  nerves  and  nervnles  corresponding  in  color 
with  the  parts.  Abdomen  with  a  dark  stripe  along  the  don^  carina, 
sides  purplish  green,  each  segment  having  a  ring  of  black  dots  on  the 
posterior  margin.  The  cerei  very  broad,  somewhat  notched  at  the  apex, 
pale  purplish ;  sub-anal  plate  with  a  broad,  square  notch  at  the  apex. 
The  elytra  have  no  spots  whatever  on  them.  Anterior  and  middle  legs 
greenish  externally,  striped  internally  with  black.  Posterior  femora 
pale  dull  green  or  olive  externally,  with  a  row  of  black  dots  along  each 
margin  of  the  disk ;  internal  face  fuliginous  or  purplish;  a  row  of  black 
dots  along  the  upper  margin.  Posterior  tibi®,  with  the  posterior  and 
inner  face  black,  exterior  face  greenish  purple,  becoming  black  above; 
spines  white  at  base,  black  at  tips.  PulvilU  remarkably  large,  oblong- 
ovate. 

Dimensions. — Length,  1.36  inches;  elytra,  1.22  inches;  pronotnm,  .32 
inch ;  posterior  femora,  .75  inch ;  posterior  tibiaB,  .73  inch. 

This  and  the  two  preceding  species  appear  to  reside  chiefly  on  high, 
rank  weeds,  not  being  properly  ground-locusts;  though  in  this  respect 
C.  bivittatus  varies  more  than  the  other  two,  as  it  appears  to  adapt 
itself  to  almost  any  situation. 

Opomala  bivittata,  Serv. 

I  met  with  this  species  at  Lincoln,  Nebraska,  also  at  Manhattan,  in 
Kansas. 

Female. — Head  and  thorax  rufous,  except  the  stripes,  which  are  red- 
dish brown.  Elytra  semi-transparent,  light  brown  or  brownish,  slightly 
tinged  with  rufous  on  the  upi)er  half,  near  the  base ;  a  short,  narrow, 
white  stripe  near  the  base,  along  the  lower  (front)  margin.  Wings  pel- 
lucid, with  a  faint  greenish-yellow  tinge ;  nerves  and  nervnles  mostly 
dark.  Four  anterior  legs  rufous ;  posterior  femora  rufous  above  and  on 
the  disk,  yellow  beneath ;  posterior  tibise  yellow.  Venter  and  pect4U 
yellowish. 

Dimensions. — Length,  1.5  inches ;  elytra,  1.13  inches ;  pronotnm,  ,25 
inch ;  posterior  femora,  .90  inch ;  posterior  tibi»,  1.1  inches.  August  3. 

Ommatolampis  viridiSj  Thos. 

Syn.  Caloptenm  viridia,  Thos. 

Lincolnj  Nebraskaj  August  5. — Among  the  orthoptera  met  with  at  this 
place,  I  noticed  this  species  quite  abundant  in  the  luxuriant  green  grass. 
I  am  now  tolerabily  well  satisfied  that  it  belongs  to  Ommatolampis  of 
Burmeister,  and  have,  therefore,  placed  it  in  that  genus,  and  herewith 
give  a  full  description  from  living  specimens,  the  males  and  femalei 
exhibiting  scarcely  any  differences  in  size  or  color. 

The  vertex,  on  close  examination,  appears  to  be  somewhat  hexagonal, 
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as  in  Acridiumj  with  a  slight  central  depression ;  frontal  costa  sulcate } 
sides  nearly  parallel  and  punctured ;  lateral  carina  nearly  or  quite  par- 
allel; eyes  as  heretofore  described.  Posterior  lobe  of  the  pronotum 
panctnred.  Pectus  covered  with  minute  hairs.  Elytra  same  length  as 
abdomen.    Posterior  femora  reach  the  tip  of  the  abdomen. 

Color^ — Bright  pea-green  throughout,  except  the  following  mark* 
ings:  Antennae  rufous  except  the  basal  joint,  which  is  green.  A 
small,  dusky  spot  between  the  eyes,  a  dark  spot  beneath  the  eyes, 
which  is  bordered  in  front  by  a  white  stripe.  A  narrow  white 
stripe  runs  along  the  upper  margin  of  each  eye,  and  extends  back- 
ward along  ^the  lateral  carina  of  the  pronotum.  A  median  dusky 
stripe  runs  aiong  the  disk  of  the  pronotum,  the  central  portion  pale 
and  sometimes  almost  white ;  a  black  stripe  extends  along  the  sides 
of  the  anterior  lobes  of  tfxe  pronotum,  which  is  bordered  by  white ;  the 
lateral  margins  have  a  minute  white  line  along  them,  sometimes  inter- 
rupted by  black  punctures.  There  is  an  oblique  white  line  on  the  side 
of  the  mesothorax,  running  to  the  base  of  the  middle  leg ;  a  similar  but 
larger  one  on  the  metathorax,  running  to  the  base  of  the  posterior  legs. 
These  lines  are  generally  shaded  in  front  with  black.  Elytra  semi-trans- 
parent, almost  uniform  green,  there  being  sometimes  a  pale  ashy-brown 
shade  on  the  upper  (posterior)  portion.  Wings  pellucid  ;  when  living, 
the  front  margin  is  slightly  tinged  with  bluish  green,  and  the  posterior 
half  with  very  pale  rufous ;  but  these  shades  are  often  very  dim  and 
evanescent.  The  posterior  femora  are  green,  except  a  rufous  band 
above  the  knee ;  the  upper  and  lower  carinae  (or  ribs)  of  the  disk  have 
generally  a  thread  like  line  of  white  along  them,  and  the  upper  is  some- 
times bordered  above  with  a  pale  rufous  line.  Posterior  tibisB  green  ; 
spines  tipped  with  black ;  tarsi  green ;  the  pul villi  rufous. 

The  cross  incisions  of  the  pronotum  were  not  dark  in  these  specimens, 
as  mentioned  in  my  original  description,  which  was  taken  chiefly  from 
alcoholic  specimens. 

Dimensions. — Length,  1  to  1.10  inches;  elytra,  .76  inch;  posterior 
femora,  .^  inch ;  posterior  tibiae,  .58  inch ;  pronotum,  .26  inch. 


ODONATA  FROM  THE  YELLOWSTONE, 

By  Dr.  H.  Hagen. 
LESTES. 

L.  diguTictaj  Selys. 
Known  before  from  Brit.  America.    (A  few  specimens.) 

L.  congener  J  Hag.  Syn.  K.  Amer.  Neorop.,  67,  5.    (A  male.) 

AGBION. 

Two  species,  but  not  well  euongh  preserved  for  description^  probably 
described  species. 

GOMPHTJS. 

Q.  {Herpetogomphw)  vipirinus  t  Selys. 

The  species  is  described  by  Baron  De  Selys  Longchamps,  from  Mexico. 
The  specimen  is  not  so  preserved  as  to  be  sare  of  the  identity ;  at  least 
it  belongs  to  no  other  known  species.    (One  fragment.) 

G.  colubtinus  f  Selys.  Hag.  Syn.isr.  Amer.  Neurop.,  101,  7. 

Known  from  Hudson  Bay,  Brit.  America.  One  male,  in  poor  condi- 
tion, if  not  belonging  to  this  species  is  new  but  nearly  related. . 

JBSOHNA. 

A.  canstrictaj  Say.  Hag.  Syn.  N.  Atner.  Neurop.,  123,  8. 

Common,  at  least  represented  by  many  specimens ;  a  species  common 
everywhere  east  of  the  Mississippi  from  Canada  to  Maryland,  and 
hitherto  west  to  Wisconsin. 

A,  eremita,  Scudd.  Proc.  Bost.  Nat.  Hist.  Soc,  x,  213. 

Taken  in  abundance  at  Hermit  Lake,  White  Mountains,  N.  H.,  by 
Mr.  Scudder,  and  also  common  in  Saskatchewan  and  Fort  Resolution, 
Great  Slave  Lake ;  taken  by  Mr.  Kennicott  and  Mr.  Scudder.  (One 
female.) 

A.  multicolor  J  Hag.  Syn.  K.  Amer.  Neurop.,  121,  4. 

Known  before  only  from  the  Pecos  River,  W.  Texas ;  Cordova,  Mex- 
ico, and  the  Upper  Missouri  j  a  decidedly  western  species.  (Few  speci- 
mens.) 

A,propinqtui^  Scudd.  Proc.  Brit. Nat.  Hist.  Soc,  x,  214. 

Fragments  of  one  male  and  female,  not  sufficient  to  identify  decidedly; 
probably  this  species.    Known  before  from  N.  England. 

LIBELLULA. 

L,  nodisticta^  Hag.  Syn.  N.  Amer.  Neurop.,  151,  3. 

Formerly  only  known  by  a  young  male  collected  in  Mexico  by  Mr. 
Baussure.    (Male  and  female.) 


728       GEOLOGICAL  SURVEY  OF  THE  TEERITOHIES. 

L,  foremU,  Hag.  Syn.  N.  Amer.  Neurop.,  154,  9. 

Formerly  ouly  known  by  a  male  from  California,  in  the  Berlin  MusemiL 
(Male  and  female.) 

L.  saturata,  Uhler.  Hag.  Syn.  N.  Amer.  Nenrop.,  152,  4. 

Known  before  from  California,  Cape  San  Lncas,  and  San  Diego,  and 
from  Mexico,  Cordova,  Tampico ;  a  decidedly  western  species.  (One 
fragment.) 

X.  flaviday  Hag.  Syn.  N.  Amer.  Nearop.,  156, 15. 
Known  before  from  Pecos  Biver,  W.  Texas.    (One  fragment.) 

MESOTHEMIS. 

Jf.  simplicicolliSy  Hag.  Syn.  N.  Amer.  Nenrop.,  170, 1. 

Common  throughout  from  Massachusetts  and  Illinois  to  Mexico, 
Florida,  and  Cuba.    (One  female.) 

M.  longipennis,  Burm.  Hag.  Syn.  N.  Amer.  Ifeurop.,  173,  7. 
Common  everywhere  as  the  foregoing  species.    (Male  and  femala) 

Jf.  corrttpto.  Hag.  Syn.  N.  Amer.  Nenrop.,  171, 3. 
Known  from  Illinois,  W.  Texas,  Mexico.    (One  female.) 

M,  compositOy  nov.  sp. 

Milk-white,  with  a  yellowish  tinge  on  the  head,  front,  mouth  parts ; 
three  transverse  shining  black  lines  behind  the  eyes;  lobe  of  the  pro- 
tholrax  small,  rounded,  yellowish  white;  thorax  yellowish  white,  a  lit- 
tle bluish;  two  large  not  well-defined  brown  bands  on  the^esotiiorax; 
two  oblique  black  lines  on  each  side,  and  a  third  one  between  them  not 
depassing  the  stigma;  abdomen  thickest  at  the  base,  black,  each  segment 
with  an  elongated  milk-white  spot  on  each  side,  and  another  similar  one 
on  the  second  and  third  segments;  venter  CQvered  with  a  whitish  pow- 
der, the  second  and  third  segments  with  a  large  elongated  milk-white 
spot;  appendices  black,  short,  cylindrical ;  the  tubercle  between  them 
white;  valvar  opening  with  a  rounded  excision;  feet  black,  femora 
white  behind;  wings  hyaline,  a  small  yellow  spot  at  the  base ;  neuration 
bla<;k;  the  costa  milk-whit«j  the  pterostigma  large,  oblong,  black; 
fourteen  antecubitales ;  two  postcubitales ;  three  series  of  areoles  after 
the  triangle;  membranula  white. 

Long.  Corp.,  47  mill.;  exp.  alar,  76  mill. 

The  species  is  related  to  if.  corrupta.    (One  female.) 

DIPLAX. 

D.  assimilatay  Hag.  Syn.  K  Amer.  Neurop.,  174, 1. 

Known  from  the  northern  and  middle  parts  of  the  United  States. 
(One  fragment.) 

D.  scoticay  Donov.  Hag.  Syn.  N.  Amer.  Neurop.,  179,  9. 

Common  in  Europe,  K  Asia,  and  collected  at  K.  Red  Biver  by  Mr. 
Kennicott.    (A  few  specimens.) 

D.  vidnay  Hag.  Syn.  N.  Amer.  l^enrop.,  175,  4. 
Common  in  the  north  of  the  United  States.    (Several  specimens.) 

D.,  spec.  nov. 

Nearly  related  to  D.  rubicundula  Say,  but  difi^rent  by  the  genital 
parts.    (Only  two  males,  imperfect) 
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Species  not  belonging  to  Odonata. 

HET^BINA. 

H,  Califomica^  Hag.  Syn.  N.  Amer.  Nearop.,  59,  2. 

The  fragments  of  three  males  are  not  to  be  separated  from  the  type 
in  my  collection.    (Some  fragments.) 

POLYSTCBOHOTBS. 

P.punctatuSj  Hag.  Syn.  N.  Amer.  Nearop.,  206, 1. 

Very  common  everywhere  in  the  whole  United  States.  (Numerous 
specimens.) 

STATHMOPHOEUS. 

Spec, — Only  a  male  related  to  8t  ArguSy  Harr.,  perhaps  distinct.  The 
male  of  St.  Argus  is  still  unknown. 

PTEEONAROYS. 

Pt.  Galifomicaj  Hag.  Syn.  N.  Amer.  Nenrop.,  16,  5. 
A  female ;  a  decidedly  western  species. 

MYBMELEON. 

t 

M.  diversusy  nov.  sp. 

Brown,  covered  with  grayish  powder ;  head  pale  yellowish  near  the 
moath  and  the  eyes;  two  black  spots  on  the  clypeas;  front  largely 
shining  black,  brown  mat  behind  the  antennse;  on  each  side  of  the  occiput 
a  yellow  spot,  and  near  the  middle  a  yellow  band,  attenuated  and  inter- 
rupted in  the  middle ;  antennae  short,  black,  annulated  finely  with  yellow, 
the  tips  enlarged  brownish;  palpi  yellow,  the  laot  joint  black;  last  joint 
of  the  labial  palpi  longer,  ovoid,  bh^ck,  cylindrical  at  the  truncated  tip; 
prothorax  quadrangular,  a  little  narrower  and  rounded  before,  dull  yel- 
lowish, with  two  interrupted  brown  lines  in  the  middle,  and  one  on  each 
side,  not  reaching  the  anterior  part;  thorax  and  abdomen  brown,  a  final 
yellowish  triangular  spot  on  the  segments;  legs  yellowish ;  femora  be- 
hind in  the  middle,  tibiae  inside,  and  basal  joint  on  tip  black :  spurs  as  long 
as  the  first  joint;  wings  hyaline,  veins  yellow,  spotted  with  black  on  the 
radius,  and  most  of  the  small  furcations;  stigma  small,  whitish.  The 
species  belongs  to  the  genus  My^rmeleon^  and  is  related  to  the  if.  formic 
carium,  I  believe  a  specimen  in  very  bad  condition,  from  the  Pecos 
Biver,  W.  Texas,  belongs  here.    (Two  specimens.) 


DESCRIPTIONS  OF  NEW  SPECIES  OF  MALLOPHAGA  COLLECTED 
BY  C.  H.  MERRIAM  WHILE  IN  THE  GOVERNMENT  GEOLOGICAL 
SURVEY  OF  THE  ROCKY  MOUNTAINS.  PROFESSOR  F.  V.  HAY- 
DEN,  UNITED  STATES  GEOLOGIST. 

By  a.  8.  Packard,  Jr.,  M.  D. 

Menopan  picicolaj  n.  sp.    (Fig.  58.) 

Body  slightly  more  than  twice  as  long  as  broad.  Head  lunate,  being 
mnch  shorter  than  wide,  well  rounded  in  front,  with  a  lobe  on  each  side. 
Antennce  short  and  slenaer,  terminal  Fig-  58- 

joint  nearly  twice  as  long  aspennlti- 
mate.  Head  with  three  long  hairs 
from  posterior  division,  and  two 
oblique  dark  spots  in  the  middle. 
Prothorax  with  a  median  square 
area  half  as  wide  as  head,  with  two 
rings  on  each  side,  making  the  en- 
tire segment  three-fourths  as  wide 
as  head.  Abdomen  regularly  oval, 
two-thirds  as  wide  as  long,  terminal 
segment  large  and  broad.  Segments 
convex,  with  a  slight  ridge  crossing 
behind  the  middle  of  each  segment. 
Two  or  three  long  hairs  project  from 
hind  edge  of  each  segment,  and  nu- 
merous liner  hairs.  Legs  moderately 
long,  tibiae  long,  a  third  longer  than 
femora;  tarsi  with  second  joint  long 
and  slender,  ending  in  two  large 
claws.    Pale  horn  color. 

Length,  .08  inch.    Ten  si>ecimens. 

From  Picoides  arctious  and  P.  dor- 
ialis,  (Nos.  236  and  237.)  August  26, 
1872,  at  Lower  Geyser  Basin,  Wyom- 
ing Territory.  This  is  more  closely 
allied  to  M.  citrinellce^  Denny,*  than 
any  other  species  I  am  acquainted  with,  but  difiers  in  the  shorter, 
broader  head.  The  form  of  the  prothorax  is  very  different,  being 
transversely  oval  instead  of  squarish,  as  in  M.  citrinellce. 

Qoniodes  MerriamannSy  n.  sp.    (Fig  59 ;  a,  male  antennee.) 

Head  about  as  broad  as  long,  full,  convex,  broad,  and  regularly 
rounded  in  front  of  insertion  of  antennce.  Deeply  excavated  in  middle, 
receiving  basal  two-thirds  of  basal  joint  of  antennee ;  on  posterior  edge 
of  the  notch  a  prominence,  and  still  posteriorly  a  large  prominence, 
giving  a  square  appearance  to  head  posteriorly,  which  at  hinder  edge 
suddenly  contracts  where  it  is  articulated  to  prothorax.  Head  about 
two-thirds  as  wide  as  abdomen.  Prothorax  about  half  as  wide  as  head. 
Abdomen  ovate  or  pear-shaped,  being  broadest  just  before  the  end.    It 
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'McMiographia  Anoplnrorom  Britannie.    London,  1842. 
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is  whitish,  corneous  on  the  edges.  Antennse  recurved,  foar-jointed, 
basal  very  large,  second  as  long  as  first  is  thick,  third  andfonrth  slender, 
subeqaal;  foarth  as  long  as  second  is  thick.  Legs  stoat,  second  pair 
with  stout  spines  on  inner  side  of  tibise ;  tarsal  joints  very  indistinct, 
short,  with  a  long  curved  claw. 

Length,  .10  inch.    On^  specimen. 

From  Tetrao  Bichardsoni^  (No.  219.)  Collected  August  5,  1872,  at 
North  Fork  of  Snake  River,  Idaho. 

It  is  very  different  from  ff.  tetraonis  Denny,  and  closely  allied  to  6. 
Colchici  Denny,  especially  in  the  pyriform  shape  of  the  abdomen.  The 
head  in  one' species  is  rather  longer  and  more  produced  in  front  of  the 
antennae,  the  prothorax  is  rather  longer  and  broader,  and  the  mesothorax 
wider  and  shorter  in  proportion. 

Ooniodes  mephitidiSy  n.  sp.    (Fig%  60.) 

Head  short,  about  as  long  as  broad,  well  rounded  in  front,  with  a  nar- 
row curved  sinus  in  the  middle ;  widest  behind  the  middle,  with  well- 

'  Fig.  60. 


Fig.  59. 


OOHIODKS  MKRRIAMAND8. 


OOmODKS  MSPHinOIS. 


marked  lateral  projections.  Two  dark  spots  on  each  side  of  the  sinns ; 
side  of  head  in  front  of  the  projections  lined  with  black.  A  transverse 
black  line  across  hind  edge  of  head,  ending  on  each  side  in  two  black 
points,  and  sending  obscure  prolongations  anteriorly.  Antennae  four- 
jointed  5  basal  joint  very  large,  three  outer  ones  filiform,  third  consider- 
ably longer  than  second,  fourth  minute,  short.  Prothorax  corneous, 
slightly  narrower  but  distinct  from  mesothoracic  segments,  the  sides  of 
which  are  produced  hook-like  beyond  it.  Abdomen  large,  orbicular,  but 
little  longer  than  broad,  white.  Legs  white,  hind  tibiae  dilated  distally. 
with  several  long  spines  on  the  inner  side,  one  especially  large :  several 
long  hairs  on  the  outer  side.  The  tarsal  joint  ends  in  a  curved  slender 
claw  as  long  as  itself,  seen  with  the  naked  eye^  head  and  thorax  appear 
pale  testaceous ;  abdomen  white. 

Length,  .06  inch.    Seven  specimens. 

From  a  skunk  {Mephitis)  collected  August  13, 1872,  at  Fife-Hole  Basin, 
Wyoming  Territory. 

It  differs  from  any  species  figured  by  Denny  in  the  notch  in  firont  of 
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bead,  and  short,  broa^  Innate  mesothoracic  segmeot,  and  long  oval  form 

of  abdomen. 

Ifirmus  fruteoxioortw,  a,  sp.    (Pig.  61.) 

A  ver^'  large  species,  long  and  sleuder ;  liead  long,  oblong,  subtrupe- 
zoidal,  half  aa  wide  in  front  as  at  base;  front  truncate,  with  promiueot 
rounded  lateral  wings  on  each  aide  of  head,  behind  inser-    -  Fig.  ct. 
tiOQ  of  antencfe,  more  prominent  than  osiial.    Antei 
just  reach  as  far  as  the  front  edge  of  bead ;  foar'joini 
two  basal  joints  of  much  the  same  size  and  leugtb, 
oater  much  smaller,  fourth  slenderer,  and  a  third  lor 
ttiau  third.    A  large,  ronnd  inflated  ewelliiig  on  ui 
side,  jnst  behind  the  mouth,  and  behind  the  siugle-joii 
jni;>nte  labial  palpi,  apparently  forming  a  sucker  to  d 
month  near  to  skin  of  host.    Mental  region  behind 
tened,  rather  narrow.     Pruthorax  small,  rounded  Bqu 
incised  on  each  side ;  a  transverse  impressed  line  cros: 
the  anterior  third,  and,  with  the  longitudinal  line,  divit 
the  surface  into  four  square  spaces,  the  two  anterior 
as  long  as  two  posterior.    Abdomen,  including  me^o 
metiithorax,  regularly  ovallanceolate,  two  and  a  half  times  nfums  Borcoin- 
as  long  as  wide,  with  flue  long  hairs  along  edge.     Legs         tohd», 
rather  large  and  long,  with  tarsi  on  three  hinder  pair  of  legs,  basal 
joints  much  Bwollen  and  enlarged,  with  a  white  swollen  disk-like  under- 
surface  for  holding  on  to  skin  of  host ;  second  joiut  remarkably  long  and 
slender.  Edge  of  bead  white,  and  whole  body  black,  front  edge  of  head 
white,  bind  edge  black,  a  dark  scutellate  spot  just  behind  the  middle 
of  the  bead ;  two  round  black  spots  under  base  of  head ;  two  black 
Spots  projecting  inward  at  front  edge  of  mesothorax;  a  brown  stripe 
across  hind  edge  of  each  abdominal  segment,  interrupted  on  anterior 
four  rings  by  median  line  of  the  body.    Joints  of  legs  edged  with  black 
brown. 

'   Specimens  vary  much  in  extent  and  intensity  of  dark  lines  and  spots, 
'    as  usual. 

Length  .40  inch.    Twelve  specimens. 

From  Buteo  Stcaimonii,  (No.  239.)   Collected  Aagnst 27,1872,at  Lower 
Geyser  Basin,  Wyoming  Territory. 

Differs  remarkably  in  form  and  size  from  any  figured  by  Denny. 

I  have  in   describing  this  species  used,  for  comparison,  a  specimen 
of  this  genns  from   Goose  Lake,   Siskiyou  pj^,  6a. 

County,  Gal.,  (J.  Holleman,}  in  which  the  bead 
is  triangular,  and  the  tarsal  joints  not  dilated, 
and  second  joint  is  much  shorter  and  thicker. 
Its  host  not  indicated. 
Ihcophorw)  symii,  n.   sp.     (Fig.  62;  a, 

tenna;  b,  hind  leg. 

Head  a  little  longer  than  broad,  being  a 
little rohger  than  usual:  two-thirds  as  wide 
ssabdomen.  Mouth  cavity  deeplyescavated. 
Trabeculie  small,  acutely  pointed,  projecting 
slightly  beyond  the  head.  Two  oblique 
cbitinons  bands  diverge  from  base  of  hend 
to  Qp))er  Bide  of  base  of  trabecnlse ;  antenuie 
slender,  of  the  usual  form ;  five-jointed ; 
fourth  joint  much  shorter  than  fifth.  Pro 
thorax  trapezoidal,  half  as  wide  as  head ;  n»e- 
wtUi^x  wide,  projectingcoosiderably  beyond 
the  Bucceediug  segment ;  edge  more  bulging  docophokd*  ■thmi. 
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than  others.    Abdomen  regularly  oval,  bnt  little  broader  than  long, 
with  the  usual  triangular  pale  homy  pieces  on  esTch  side  of  segments) 
with  a  few  long  hairs,  especially  toward  end  of  body. 
Length,  .09  inch.  Four  specimens. 

Lives  on  Symium  nebulosuniyi  S  No.  55,  private  collection.)  Gollected 
November  24,  1872,  at  Locust  Grove,  New  York,  by  C.  H.  Merriam. 

Of  the  species  figured  by  Denny,  it  approaches  nearest  in  the  form 
and  shape  of  the  head  to  D.  testudinariusy  (Children,)  Back's  Narrative, 
&c.  It  is  allied  in  form  to  2).  ostralegi  Denny,  but  the  prothorax  is 
shorter ;  and  to  D.  icterodes  Nitzsch  but  the  head  is  much  broader.  From 
D.  eofnmunis  Nitzsch,  it  differs  considerably,  the  head  being  shorter  and 
broader,  and  the  trabeculse  much  smaller,  judging  from  Denny's  figures. 


DESCRIPTION  OF  NEW  PARASITIC  WORMS   FOUND   IN  THE 

BRAIN  AND  OTHER  PARTS  OF  BIRDS. 

By  a.  S.  Packard,  Jb.,  M.  D. 

Among  the  zoological  specimens  collected  by  Mr.  0.  H.  Merriam,  in 
explorations  under  Professor  Haydenin  the  sammer  of  1872,  were  speci- 
mens of  an  apparently  undescribed  worm  found  ^'  nnder  the  eyes"  of  a 
hawk.  In  describing  this'worm^  we  had  occasion  to  compare  it  with  an 
undescribed  species  of  the  same  genns  of  worm  in  the  maseum  of  the 
Peabody  Academy  of  Science,  and  found  by  Mr.  Walker  in  the  brain  of 
the  night-hawk, 

Indeed,  one  of  the  most  obscure  subjects  in  zoology  is  the  history  and 
development  of  animal  parasites,  and  especially  those  which  take  up 
their  abode  in  the  brain  of  different  animals.  Professor  Wyman  has 
described,  in  the  '*  Proceedings  of  the  Boston  Society  of  Natural  History'' 
for  October  7, 1868,*  a  species  of  round  worm  in  the  brain  of  seventeen 
oat  of  nineteen  specimens  of  the  Anhinga,  or  snake-bird,  shot  in  Florida^ 
thus  proving  that  '^  their  presence  in  the  cranial  cavity  might  be  callea 
the  normal  condition  of  this  bird."  He  remarks  that  ^'  parasites  have 
occasionally  been  found  infesting  the  brain  or  its  membranes  in  man 
and  animals,  but  far  less  frequently  than  in  the  other  regions  of  the 
body.  The  number  of  species  thus  far  observed  is  quite  small,  and  are 
chiefly  referable  to  the  genera  TcBnia,  Filariaj  Trichina^  and  Diplosto- 
miftn,  and  contined  almost  wholly  to  man  and  domesticate<l  animals, 
SQch  as  the  sheep,  reindeer,  dromedary,  horse,  and  ox ;  and,  among  wild 
animals,  to  the  chamois,  roebuck,  and  a  few  others.  That  they  have 
not  been  more  frequently  seen  in  the  wild  species  is,  without  doubt,  due 
to  the  fact  that  the  brains  of  these  have  been  so  seldom  examined  for 
the  purpose  of  detecting  them."  These  worms,  ^^  which  correspond 
very  nearly,  if  not  identical,  with  the  JEtistrangylus  papiUosuSj  Diesing," 
were  found  in  every  instance  coiled  up  on  the  back  of  the  cerebellum, 
their  number  varying  from  two  to  eight.  The  male  is  only  half  as  thick 
as  the  female,  and  the  end  of  its  body  is  always  more  closely  coiled  than 
in  the  female. 

This  worm  is  viviparous,  the  young  hatching  in  the  oviduct.  Their 
earlier  stages  are  unknown,  but  the  analogy  of  the  Gordiaceons  and 
other  worms  leads  to  the  supposition  that  the  parasite  of  the  brain  of 
tiie  Anhinga  is  one  of  the  migratory  kinds,  and  that  a  part  of  its  life,  at 
least,  is  passed  in  a  locality  quite  different  from  that  in  which  it  was 
detected.  The  manner  in  which  the  transfer  of  the  embryo  is  effected, 
outwardly  to  some  other  animal,  or  the  water,  and  then  back  to  another 
Anhinga,  is  wholly  unknown. 

E}i9tr<mgylu8  buteoniSy  n.  sp. 

This  thread- worm  seems  to  agree  generically  with  the  species  of  Eus- 
^f^onyglusy  said  by  Professor  Wyman  to  '*  correspond  very  nearlj'',  if  not 
identical,  with  the  Emtronyglus  papilloms  Diesing,  found  in  the  brain 
of  the  Anhinga  bird  of  Florida.  Our  species  is,  however,  much  shorter 
and  thicker. 

*  An  abstract,  with  figures,  of  this  interesting  paper  may  also  be  found  in  the 
"American  Naturalist,"  vol.  2,  p.  41, 1869. 
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Male. — (Fig.  63.  a,  magnified  ten  times.)    Body  cylindrical,  rather 
short  and  thick ;  nead  cylindrical,  pointed,  conical,  much  slenderer  than 


Fig.  63a. 


Fig.  63b. 


Fig.  64. 


EllSTRORGYLUS  BUTBONIS. 


KUSTRONGYLUS  BUTBONIS. 


BUSTRONGYLUS  CHORDBILIS. 


the  other  end.  I  can  perceive  no  papillsB  around  the  end  of  the  head. 
End  of  the  body  rather  more  incurved  than  in  the  female,  blunUy 
conical ;  penis  forming  a  single  spicalnm,  a  little  curved,  and  inclosed  in 
a  bivalved  sheath,  one  valve  being  truncate  and  the  other  pointed,  and 
reaching  nearer  the  end  of  the  penis  than  the  truncate  valve. 

Length  .40  inch.    Two  individuals. 

Female. — (Fig.  63,  b,  magnified  ten  times.)  Over  twice  as  large  as 
the  male ;  the  body  short  and  thick ;  the  head  snbacutely  conical,  with  no 
papillsB  that  I  can  see;  end  of  the  body  obtuse;  extreme  tip  slightly 
mucronate. 

Length  one  inch.    Two  individuals. 

Four  specimens,  taken  from  <^  under  the  eyes  of  JBu^  Swainsonij  (No. 
269,)  collected  September  15, 1872,  at  Snake  River,  Wyoming  Territory,'' 
by  C.  H.  Merriam. 

Eustrongylus  cliordeilis,  n.  sp.  (Fig.  64,  magnified  ten  times.) 

An  outline  figure  of  a  worm,  generically  identical  with  K  buteonU,  is 
introduced  in  order  to  bring  out  more  clearly  the  specific  characters  of 
the  latter  species.  Two  female's  were  taken  by  Mr.  G.  A.  Walker  ^'from 
the  brain  of  the  night-hawk,  (Cliordeilis  Virginianus^)  shot  in  June,  at 
Campton,  New  Hampshire,  and  presented  to  the  museum  of  the  Peabody 
Academy  of  Science,  at  Salem,  Massachusetts.  It  is  a  much  slenderer 
form  than  JE,  huteonis,  but  much  shorter  and  thicker  than  the  species 
described  and  figured  by  Professor  Wyman.  Both  ends  of  the  body  are 
much  alike,  the  anal  end  being  much  more  pointed  than  in  E.  buteonis^ 
and  the  anterior  end  of  the  body  less  tapering. 
Length  .70  inch. 
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Note. — ^We  would  invite  the  special  attention  of  the  members  of  the 
snrvey  and  other  traveling  and  collecting  parties  to  the  preservation  in 
alcohol  of  the  parasites  of  birds,  mammals,  snakes,  lizards,  and  frogs. 
Search  for  them  in  the  brain,  under  the  skin,  and  in  the  intestines,  lungs, 
and  liver  of  all  these  animals.  Also  look  for  various  bot-fly  larvae  under 
the  skin  of  the  buffalo,  deer,  elk,  squirrels,  and  all  sorts  of  mammals. 

The  beaver  in  Europe  is  tenanted  by  a  singular  flattened  parasite, 
somewhat  flea-like,  the  discovery  of  which  is  to  be  looked  for  in  this 
coantry.  Moreover,  hair-worms  (Gordius),  and  the  intestinal  worms  of 
the  Indians  are  much  desired. 
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By  a.  S.  Packard,  Jr.,  M.  D. 


Fig.  65. 
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DIPTEBOUS  LABYA  POUND  IN    THB  GIZZABD  OP    PIGCHDES  ABOTIGUS. 

Fig.  65,  a,  dorsal,  6,  ventral  view  qf  larva;  c,  end  of  body;  tf,  side 
view  of  end  of  body ;  e,  dorsal  view  of  end  of  body ;  /,  head,  greatly 
magnified. 

Body  white,  cylindrical,  a  little  flattened^  with  twelve  segments  exclu- 
sive of  head,  the  segments  moderately  convex.  Head  very  minute, 
sunken  in  the  small  pro- 
thoracic  segment,  (which 
is  mnch  smaller  than  the  0 
second  or  mesothoracic  7"^^^ 
segment;)  subtriaogular  f^'^'N 
in   form,  a  little  longer  I  j 

than  broad;  a  transverse  ^-^^ ' 

sature  just  in  front  of  in- 
sertion of  antennae  indi- 
cates the  iwsterior  edge 
of  the  clypeus.  Antenna) 
cylindrical,  two-jointed, 
the  second  joint  longer 
tlian  basal,  and  rather 
slenderer,  its  tip  reaching 
as  far  as  the  end  of  the 
head. 

Terminal  segment  of  the 
body  much  smaller  and 
narrower  than  the  penultimate,  bearing  two  large,  stout,  upcurved 
corneous  hooks,  with  adjoining  bases ;  nine  stigmata,  one  on  prothorax 
and  one  on  first  eight  abdominal  segments,  round  minute,  corneous,  the 
ninth  round,  with  around  area  on  one  side. 

Length  .35  inch;  135  specimens  taken  ''from  the  gizzard  of  Picoidea 
arcticusy  (No.  236,)  Lower  Geyser  Basin,  August  26, 1872,  by  C.  H. 
Merriam."  Some  of  these  larvae  were  half  grown.  Most  of  them  were 
l>erfectly  preserved ;  a  few  had  been  partially  digested.  With  them 
were  associated  a  part  of  the  body  of  a  Cerambydd  larva,  and  a  portion 
of  the  elytra  of  a  Scolytnslike  beetle,  so  that  they  mnst  have  come  from 
under  the  bark  of  some  tree. 

This  larva,  remarkable  for  its  large  size,  its  minute  head,  and  terminal 
upcurved  hooks,  like  those  of  many  coleopterous  larvse  living  under 
bark,  seems  to  be  related*  to  the  young  of  the  Cecidomyiadce,  or  x>erhaps  a 
closely  allied  group,  from  the  two-jointed  antennae,  the  general  form  of 
the  minute  head,  and  the  presence  of  nine  stigmata.  Several  Gecidomyia 
larvse  have  a  pair  of  anal  appendages,  though  not  so  marked  as  in  the 
present  form. 


DIPTEROUS  LARVA. 
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ABACHKIBA. 

Ixodes  bovis  Biley.  (Packard,  in  First  Report  Peabod;  Academy  of 
Science,  1869,  Fig.  66,  fally  gorged  individual,  natural  eize,  aad  an- 
otber  empty,  enlarged:  Fig.  67,  mouth-parts  mncb  enlarged.) 
A  reddtHh  coriaceous  flattened  species,  with  the  body  oblong  oval, 
contracted  jnst  behind  the  middle;  head  short  and  broad,  not  spined 
pj    gg  PiK.Cr.         behind,  withtwodeep,roand 

pits;  palpiand  beaktogetba 
an D8u»lly  short;  pslpi  loBg 
and  slender ;  labium   short 
and  broad,  densely  spined 
k  beneath ;  above,  the  mandi- 
F  bles  sre  smooth,   with  ter- 
minal hooks;  thoracic  shield 
(distinct,    one-third    longer 
than  wide,  smooth  and  pol- 
ished, convex,  with  the  ly- 
rate  mesial  convexity  very 
distinct.    The  whole  body 
is  sparsely  covered  with  mi- 
^M^        Dute  hairs.     Legs  long  and 
^H^p       slender,  pale  testaceous  red ; 
^^^        eoxffi  not  spined. 
ixoDHs  Bovis.  ixoDis,  uDUTH-PAiiTs.     Length  of  body,  .15  of  an 

inch;  width,  .09  of  an  inch. 

This  species,  which  occurs  in  great  abnndance  at  times  oo  cattle  in 
the  West,  and  Texas  and  Central  America,  was  also  detected  by  Ur. 
Merriam  on  a  porcupine,  (fref^izQii  epixanthu«,)  August  10,  1S72,  at 
Henry's  Lake,  Idaho  Territory;  and  on  Lepus  Bairdii,  (Ko.  17,)  col- 
lected September  15, 1872,  at  Snake  Biver,  Wyoming  Territory. 

Arffos  Amerieana,  n.  sp.     (Fig.  68.) 
Though  our  specimens  are  from  Texas,  (Belfrage,)  yet  this  interesting 
Kig.  GS.  genus,  which  has  not  been  known  before  to 

inhabit  America,  is  associated  with  Ixode$ 
hods,   having  been  received  in   a  lot  of 
Iimdes  taken  from  cattle. 
Body  very  Sat  and  thin,  oval,  with  the 
'  head  and    mouth-parts  conceal«l   by  the 
overreaching  dorsal   portion   of  the  body, 
which  is  beut  upward  around  the  margin, 
though   the  edge  is  not  revolute.    Body 
above  covered  with   very  numerous  little 
round  pits,  large  in  the  middle  and  becom- 
ing smaller   on  the  edge.    There  are  two 
large,  conspicuous  oval  pit«  on  middle  of 
.  the  anterior  third  of  body ;  just  in  front  of 
^  the  middle  a  transverse  curved  row  of  six 
^  smaller  pits,  three  on  each  side.    Behind 
are  six  prominent  pita,  three  on  each  side. 
On  posterior  third  of  the  body  are  rows  of 
AROAB  AHiHicMiA.  thcse  puuctures  radiating  ontward.    The 

edge  of  the  body  is  rougfalj'  granulated.  Margin  of  body  beneath  pitted 
as  above.  Smooth  between  the  legs  and  on  the  head.  Palpi  long  and 
slender  when  stretched  out,  not  reaching  the  edge  of  body.    Legs  large 
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aod  stont,  hind  pair  just  reaching  edge  of  body.  Claws  long  and  carved, 
as  usual.  . 

liength,  .26  inch ;  breadth,  .15  inch. 

It  is  nearly  allied  in  form  to  Arg<i8  Persioua^  (see  Plate  33,  Fig.  6,  D., 
Insectes  Apt^res,  Walkenaer  et  Gervais,)  but  diiiers  in  the  edge  of  body 
being  more  finely  granulated,  and  in  the  pits  posteriorly  being  arranged 
in  radiating  lines.  The  Persian  Argas  is  extremely  troublesome  to 
travelers  in  the  East,  and  the  American  species  is  noticed  here  as  it 
was  found  among  a  number  of  Ixodes  bopia  taken  by  Mr.  G.  W.  Belfrage 
from  cattle  in  Texas. 


INSECTS  INHABITING  GREAT  SALT  LAKE  AND  OTHER  SALINE 

OR  ALKALINE  LAKES  IN  THE  WEST. 

By  a.  S.  Packard,  Jb.,  M.  D. 

The  subject  of  brine-inhabiting  insects  is  one  of  very  considerable 
interest,  both  in  a  physiological  and  zoo-geographical  point  of  view,  as 
well  as  from  its  bearings  on  questions  relating  to  the  earlier  geological 
hiBtory  of  tihe  American  continent. 

Professor  A.  B.  Verrill  has  found  the  larvae  of  Ohirotwmua  oceanicus^ 
Pack.,  living  at  the  enormous  depth  of  120  feet  in  the  sea  at  Eastport, 
Maine.  We  have  also  found  the  same  insect  between  tide-marks,  in 
Maine  and  Massachusetts,  and  have,  in  company  with  Professors  Moebius 
aud  Kupfifer,  dredged  a  very  similar  species  at  the  depth  of  three  or  four 
fathoms,  in  the  bay  of  Kiel,  on  the  shores  of  the  Baltic  Sea.  Thus  an 
air-breathing  insect,  whose  congeners  live  in  fresh- water  pools,  is  capa- 
ble of  living  at  considerable  depth  in  the  sea 

Kow,  exceedingly  few  insects  which  pass  their  life  in  fresh  water  are 
found  living  in  the  sea ;  on  the  other  hand,  we  know  of  many  more 
marine  genera  of  shrimps,  &c.,  (Crustacea,)  which  live  in  fresh  water; 
such  are  species  of  Palsemon  and  allies,  and  Gammarus;  several  species 
of  the  former  genus  are  found  living  in  bodies  of  fresh  water,  both  in 
the  Southern  States  and  in  Italy.  All  the  fresh- water  forms  of  life  have 
probably  come  from  salt-water  ancestors,  as,  in  the  eariy  geological  ages 
there  were  no  large  bodies  of  fresh- water;  and  as  in  the  present  day, 
both  in  the  great  lakes  of  America  (Lakes  Superior  and  Michigan)  and 
the  deep  lakes  of  Sweden,  which  were  formerly  arms  of  the  sea,  we  find 
marine  Crustacea  in  the  water,  at  the  bottom,  while  the  surface-water 
contains  fresh-water  forms. 

As  extremely  interesting  in  this  connection,  I  will  translate,  from  an 
able  memoir  of  Professor  F.  Plateau,*  some  conclusions  from  his  ex- 
tended studies  of  the  action  of  the  sea  on  fresh- water  insects  and  crns- 
tacea,  and  of  iresh  water  on  marine  Crustacea. 

ARTICULATES  LIVING  IN  FttESH  WATEE. 

1.  Sea- water  has  but  a  very  feeble  influence,  or  none,  on  aquatic  Col* 
eoptera  (beetles)  or  Hemiptera,  (bugs,)  in  the  perfect  state;  this  influ- 
ence is  perhaps  a  little  greater  for  the  larvae. 

2.  Sea-water  injares  such  fresh-water  articulates  as  have  a  thin  skin, 
or  branchiae,  and  these  effects  are,  in  general,  the  more  marked  as  the 
extent  of  the  thin  skin  is  greater. 

3.  The  fresh- water  articulates  which  can  live  with  impunity  in  sea- 
water,  are  those  in  which  there  is  no  absorption  of  salt  water  by  the 
skin ;  those  which  die  in  a  comparatively  short  time,  have  absorbed 
chloride  of  sodium  and  magnesium. 

4.  The  injurious  salts  contained  in  sea  water,  are  the  chlorides  of  so- 
dium and  of  magnesium ;  the  influence  of  sulphates  may  be  regarded  as 
nothing. 

5.  The  difference  in  density  which  exists  between  fresh  and  salt  water 
does  not  explain  the  death  of  fresh- water  articulates  in  salt  water. 

*  BechercheB  PhyBico-Chemiqaes  but  les  Articulda  Aqaatiqaes.    Bmxelles,  1870. 
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6.  When  fresh-water  articulates  pass  by  a  very  slow  transition  from 
fresh  into  salt  water,  and  when,  during  this  transition,  reproduction  has 
taken  plaee,  the  new  generation  resists  much  longer  the  action  of  salt- 
water than  the  ordinary  individuals  of  the  species. 

MARINE  CRUSTACEA. 

7.  The  most  common  Crustacea  of  our  shores  die  in  fresh  water,  after 
a  time,  varying  with  each  species,  but  not  passing  beyond  nine  hoars. 

8.  Marine  Crustacea  plnnged  in  fresh  water  lose  the  salts  (especially 
the  chloride  of  sodium)  with  which  their  tissues  are  impregnated. 

9.  In  the  greater  number  of  cases  the  presence  of  chloride  of  sodium 
is  a  part  of  the  indispensable  conditions  of  the  existence  of  marine  cma- 
tacea.    This  salt  seems  to  be  the  sole  necessity. 

10.  Small  individuals,  and  those  which,  having  just  moulted,  have  the 
teguments  thin,  resist  less  than  the  others  the  influence  of  liquids  of 
exceptionable  composition. 

11.  The  difference  between  the  densities  of  sea  and  fresh  wat«r  cao- 
not  be  considered  as  the  cause  of  the  death  of  marine  cmstaoea  in  freA 
water. 

12.  (Applicable  to  the  two  groups.)  The  principle  of  endosmose  ex- 
plains the  absorption  of  salt  by  the  thin  tegument  or  branchial  surfaces 
of  fresh-water  articulates  placed  in  sea-water;  the  diffusion  of  gases 
and  dialysis,  operating  with  more  energy  for  the  chlorides  of  scdium 
and  magnesium  than  for  the  sulphate  of  magnesium,  showing  in  virtue  of 
which  cause  that  the  chlorides  alone  of  sea-water  are  absorbed.  Finally, 
dialysis  explains  how  marine  Crustacea,  when  placed  in  fresh  water, 
lose  in  this  liquid  the  salts  with  which  they  were  impregnated. 

So  much  has  been  said  about  the  absence  of  life  in  the  Great  Salt 
Lake,  that  an  erroneous  impression  may  prevail  as  to  the  life  of  that, 
and  similar  though  smaller  lakes.  With  a  view  of  imparting  what 
knowledge  we  now  have  as  to  this  subject,  in  order  to  earnestly  ^ili  the 
attention  of  those  who  live  near  the  shores  of  Qreat  Salt  Lake,  and 
travelers  and  collectors  to  this  subject,  I  will  give  a  brief  account  of 
what  is  known  regarding  articulate  life  in  these  saline  waters. 

In  1852  Mr.  T.  R.  Peale  prepared  for  Stansbnry's  "Report  on  the 
Valley  of  the  Great  Salt  Lake  of  Utah,''  p.  379,  an  account  of  the  insect- 
life  of  the  lake.  He  states  that  in  a  mass  of  exuviae  of  insects  brought 
from  the  shores  of  the  Great  Salt  Lake,  there  was  an  abundance  of  the 
larviB  and  exuviaa  of  the  pupae  of  Chironomus,  and  fragments  of  other 
tipulidie. 

Afterward  Mr.  S.  A.  Briggs,  of  Chicago,  noticed  and  figured  in 
<^  Science  Gossip,"  (London,)  a  creature  whose  zoological  position  he 
did  not  know.    It  was  the  larva  of  a  species  of  Ephydra. 

This  pupae-case  was  afterward  described  by  me  under  the  name  I^kydra 
gracilis.*  The  specimens  were  collected  by  Mr.  Sereno  Watson.  Other 
specimens  of  the  larv^se,  as  well  as  pupae  and  adult  flies,  were  collected 
by  Mr.  S.  A.  Garman,  and  also  by  Mr.  J>  A.  Allen,  and  are  in  the  Museum 
of  Comparative  Zoology  at  Cambridge,  and  will  be  described  hereafter. 
The  Ephydra  sometimes  occurs  in  large  quantities. 

I  have  also  received  from  Mr.  Garman  two  specimens  oi  Corixa  taken 
by  him  from  the  lake. 

Undoubtedly  other  insects  will  be  found  in  Salt  Lake,  and  we  trust 
some  one  of  the  readers  of  this  article  will  make  a  careful  examination 

*  American  Journal  of  Science  and  Arts,  Febnaiy,  1B71. 
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of  the  shores  of  the  lake,  and  carefully  preserve  and  forward  to  the 
office  of  the  survey  every  trace  of  life  he  may  find. 

In  proof  of  this  supposition,  I  may  state  that  the  late  lamented  Pro- 
fessor Torrey,  in  1870,  made  an  exceedingly  interesting  collection  of 
insects  in  the  brine  of  Clear  Lake,  California.  This  collection  comprised 
t^wo  aquatic  beetles,  {Laccophilus  deovpiens,  Lee.,  and  Berostis  punctatissi- 
f»usj)  and  the  early  stages  of  three  flies,  i.  6.,  a  species  of  Tanyptis^ 
StraiiomySj  and  Ephydra  Califarnica  Pack. 

This  last  species  lives  in  the  ^'excessively  salt,  but  also  strongly  alka- 
line" Lake  Mono,  in  California.  The  late  Mr.  Horace  Mann,  jr.,  remarked 
that  the  Indians  about  Mono  Lake  eat  the  pupoB-cases  of  Ephydra  in 
large  quantities. 

Two  hemipterous  insects  also  inhabit  Clear  Lake,  L 6., a  Gerrislike 
form,  Hydroirechus  robmtus  Uhler,  and  Corixa  decolor  Uhler. 

The  genus  Ephydra' is  also  an  inhabitant  of  salt- vats  and  of  the  shores 
of  the  ocean.    The  larvae  live  on  decaying  organic  matter. 

We  now  come  to  that  strange  crustacean  or  shrimp-like  creature,  the 
Artemiaj  an  animal  found  in  different  parts  of  the  world  in  salt-vats, 
valine  pools  and  lakes.  The  family  to  which  it  belongs  is,  par  excellence^ 
a  fresh-water  group,  and  though  the  respiratory  surface  of  the  false 
gills  presents  an  enormous  extent,  and  one  .judging  by  the  principles 
advanced  by  Plateau,  as  quoted  above,  (section  2,)  would  think  this  to 
be  the  last  animal  to  be  readily  adapted  to  a  saline  life,  yet  it  flourishes  * 
in  immense  numbers  in  the  densest  and  strongest  brine. 

The  brine  crustacean  of  Salt  Lake  was  first  described  by  Professor 
A.  E.  Verrill,  in  the  American  Journal  of  Science  and  Arts,  ISTovember, 
1869,  under  the  name  of  Arteniia  fertilis.  It  was  collected  at  Salt  Lake 
by  Messrs.  Sereno  Watson,  D.  C.  Eaton,  and  S.  A.  Briggs.  The  former 
aiiades  to  its  occurrence  in  vast  numbers. 

Mr.  S.  W.  Garman,  who  has  specially  observed  this  creature  while  alive 
in  the  lake,  writes  the  following  notice  of  its  habits  to  the  American 
l^aturalist  for  December,  1872.  "A  peculiarity  of  the  little  crustacean 
{Artemiafertiluo^  Verrill)  living  in  the  waters  of  Salt  Lake,  which  ought 
to  be  noticed,  is  that  of  its  congregating  in  masses  of  strange  appear- 
ance in  the  water.  When  the  masses  are  small  they  sometimes  stretch 
oat  so  as  to  have  the  form  of  a  serpent.  All  other  times  they  represent 
rings,  globes,  and  various  irregular  figures.  A  gentle  breeze  does  not 
affect  the  water  filled  by  Artemise,  so  that  while  the  water  on  all  sides 
of  these  dense  congregations  is  slightly  ruffled,  that  which  they  occupy 
remains  as  if  covered  by  oil,  thus  indicating  the  figure  of  the  mass.  My 
attention  was  called  to  them  by  seeing  on  the  surface  the  figure  of  a  great 
serpent  in  one  place  and  in  another  what  appeared  to  be  a  small  stream  * 
of  comparatively  still  water  flowing  out  through  the  lake.  Though  I 
waded  out  to  and  through  these  immense  bodies,  I  could  not  positively 
ascertain  that  the  individuals  were  traveling  in  a  common  direction  • 
the  time  was  too  short  to  determine  this,  yet  I  think  it  is  the  fact." 

It  is  apparent  that  a  study  of  the  habits  of  this  animal  is  much  to  be 
desired,  and  collections  of  the  eggs,  young,  and  both  sexes  in  large 
quantities  and  preserved  in  strong  alcohol,  are  greatly  needed  for  the  fur- 
ther elucidation  of  its  mode  of  life  and  structure. 

We  have  shown  that  the  animal  life  of  the  great  Salt  Lake  is,  we  had 
almost  said,  abundant,  and  the  idea  of  Professor  Baird,  if  carried  out, 
of  stocking  this  lake  with  fish,  is  not  an  impracticable  one  so  far  as  na- 
tural food  for  such  fish  is  concerned. 
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OTHER  FRESH- WATER  CRUSTACEA  ALLIED  TO  ABTEML4, 

There  are  certain  other  remarkable  Crustacea  foand  living  in  pools 
which  are  apt  to  dry  up  late  in  the  summer,  which  are  allied  t4>  the 
Artemia,  and  are  locally  abundant  in  the  far  West.  This  notice  is 
inserted  to  call  the  attention  of  travellers  and  collectors,  as  well  as 
members  of  the  survey,  to  them. 

First,  the  shelled  Crustacea,  or  Limnadia  and  Estheria.  These  are 
singular  Crustacea,  which  are  protected  by  a  valve-like  expansion  of  the 
back,  so  that  the  body  is  inclosed  by  two  shells,  and  the  creature  bears 
a  most  remarkable  likeness  to  the  bivalves  of  pools  and  streams,  {Cpelas.) 
In  Texas  a  species  of  Limnadi  {L,  Texana  Pack.)  is  quite  common,  ac- 
cording to  Mr.  Belfrage,  in  Western  Texas  in  the  early  spring.  It  occors 
in  muddy  pools  made  after  rains,  and  wholly  disappears  with  the  firat 
drying  of  the  pools.  "As  far  as  I  have  seen,  they  are  only  found  in  the 
woody  bottomlands  and  always  near  creeks.^  It  may  also  be  looked 
for  in  Colorado,  Kansas,  and  Montana,  and  probably  Arizona. 

With  these  bivalved  Crustacea  occur  usually  in  great  numbers,  when 
found  at  all,  Artemialike  animals,  the  Branchipus,  specimens  of  whicli 
are  most  desirable  to  compare  with  the  brine  crustacean.  Bat  the 
most  interesting  of  all  these  phyllopod  crustaceans  is  the  Apus,  an  animal 
found  abundantly  at  times  in  pools  in  Kansas,  and  Texas,  and  Mexico, 
and  the  plains  of  the  Rocky  Mountains.  In  collecting  the  Apus,  large 
numbers  of  «the  young  and  old  are  desired,  preserved  in  strong  alcohol, 
and  the  exact  date  and  locality  should  be  inserted  in  the  bottle,  written 
on  a  piece  of  firm  paper,  in  pencil  or  ink. 

These  animals  are  about  an  inch  long*,  a  round  shield,  bearing  simple 
and  compound  eyes,  protects  the  front  part  of  jthe  body,  while  the  hinder 
portion  is  long  and  narrow,  consisting  of  many  segments,  bearing  beneath 
leaf-like  gills.  The  body  ends  in  two  long  feelers,  much  like  those  arising 
from  the  head.  They  have  been  found  by  Von  Siebold  to  be  partheno- 
genous,  i.  e.,  the  females  produce  young  from  eggs  without  union  with 
the  other  sex. 

North  America  is  richer  than  any  other  quarter  of  the  globe  in  species, 
though  it  is  a  remarkable  fact  that  none  are  known  to  exist  east  of  the 
Mississippi  River. 


BOTANY. 

By  John  M.  Coulter. 

Washington,  D.  C,  April  15,  1873. 

Sir  :  I  liave  the  honor  of  presenting  to  you  my  report  upon  the  bota- 
nical specimens  coUect/ed  this  last  summer. 

1  have  separated  the  botany  of  the  region  I  traversed  into  three 
divisions,  sufficiently  distinct,  in  my  opinion,  to  form  as  many  separate 
floras,  and  have  given  their  different  conditions  of  soil  and  climate. 

I  have  included  in  my  notes  upon  the  mountain-flora  a  short  table  of 
timber-lines,  showing  the  variation  in  the  height  of  the  timber-line, 
depending  on  the  latitude  and  the  presence  of  elevated  plateaus  or  large 
bodies  of  water.  The  latitude  is  given  with  each  peak,  but  the  other 
conditions  are  so  well  known  it  was  thought  unnecessary  to  include 
them. 

I  have  also  added  three  tables  comparing  the  flora  of  the  western 
slope  of  the  Eocky  Mountains,  between  latitudes  43^  and  46°,  with  that 
of  the  eastern  slope.  The  tables  were  compiled  from  the  collections  of 
1871  and  of  this  last  season,  and  are  necessajily  imperfect,  though  they 
will  serve  to  give  some  idea  of  the  distribution  of  phenogamous  vegeta- 
tion on  both  slopes  of  the  dividing-ridge. 

Of  grasses,  about  sixty  species  were  obtained ;  of  mosses,  flfty-three 
species ;  of  lichens,  sixty-six  species,  including  varieties,  of  which  one 
is  probably  new  to  science,  and  two  new  to  the  continent.  Among  the 
few  Fungi  collected,  two  new  species  have  been  described  by  Charles 
H.  Peck,  esq.  There  probably  will  be  in  the  whole  collection  nearly 
1,200  species  of  plants. 

I  wish  here  to  express  my  thanks  for  the  many  favors  I  have  received 
from  botanists.  To  Professor  Thomas  C.  Porter  were  intnisted  all  the 
doubtful  specimens  and  new  species  of  Phenogamia,  and  I  am  under 
the  greatest  obligation  to  him  for  his  prompt  attention  and  ready 
response,  as  well  as  for  the  great  interest  he  has  always  shown  in  my 
work.  He  very  kindly  consented  to  make  a  re-examination  of  my  whole 
collection  of  Phenogamia,  except  the  GonifercB^  and  to  correct  the  mis- 
takes of  inexperience. 

Through  the  kindness  of  Dr.  George  Vasey,  I  have  had  access  to  all 
the  collections  at  the  Agricultural  Department,  which  proved  of  infinite 
Bervice.  I  would  thank  him  also  for  the  interest  he  took  in  my  work, 
and  for  the  valuable  assistance  he  repeatedly  rendered  me. 

Thanks  are  due  also  to  Henry  Willey,  esq.,  Charles  H.  Peck,  Leo 
Lesquereux,  S.  T.  Olney,  George  Thurber,  and  others  for  the  determina- 
tion of  those  species  to  which  they  have  devoted  special  attention. 

The  study  of  western  floni  is  an  immense  field  open  now  to  all  lovers 
of  botany,  and  many  rich  harvests  are  waiting  to  be  reaped  by  the  in- 
dustrious collector.  Hoping  that  under  your  auspices  in  the  future, 
as  in  the  past,  much  information  may  be  added  to  our  comparatively 
meager  knowledge  of  western  botany, 

I  am,  very  respectfully,  youx  obedient  servant, 

JOHN  M.  COULTER. 

Dr.  F.  V.  Hayden, 

United  States  Geologist 


748       GEOLOGICAL  SURVEY  OF  THE  TERRITORIES. 

Tbe  plauts  catalogued  in  the  present  volume  were  all  collected  daring 
the  season  of  1872.  I  was  attached  to  the  party  ander  command  of 
Captain  Stevenson,  and  remained  with  it  through  the  whole  snmm^, 
Up  to  the  Fire  Hole  Basin,  Philo  J.  Beveridge  acted  as  my  assistant 
and  proved  himself  an  active,  earnest  worker.  Most  of  the  collection 
was  pressed  by  him,  and  the  care  he  always  took  has  made  handsome 
specimens. 

In  the  party  under  the  immediate  direction  of  Dr.  Hayden,  Mr.  Wal- 
ter Piatt  took  charge  of  the  botanical  collections,  and  rendercKl  good 
service  in  the  region  he  traversed.  Although  the  plants  common  to 
the  mountain  ranges  and  valleys  along  the  Yellowstone  are  not  essen* 
tially  different  from  those  found  along  Snake  River,  yet  it  is  interesting 
to  note  the  fact  of  their  existence  on  both  the  eastern  and  western 
watersheds.  A  slight  difference  can  be  traced,  but  by  no  means  suffi- 
ciently great  to  justify  making  two  distinct  floras,  one  of  the  eastern, 
the  other  of  the  western  slope. 

Collections  were  commenced  in  the  last  of  May  at  Ogden^  Utah, 
where  our  permanent  camp  was  located  until  the  last  of  June.  Daring 
this  time  a  flue  opportuuity  was  afforded  for  studying  the  local  flora  of 
the  plain  bordering  on  Great  Salt  Lake,  as  well  as  that  part  of  the 
Wahsatch  range  of  mountains,  near  which  Ogdeu  is  situated.  The  flora 
of  this  great  basin  has  been  so  thoroughly  examined  and  described  by 
Sereno  Watson  in  his  flual  report  that  very  little  can  be  said  in  addi- 
tion. Several  trips  were  made  to  the  shores  of  Great  Salt  Lake,  and 
collections  were  obtained  of  the  flora  of  that  peculiar  region.  Daring 
our  stay  of  a  month  over  three  hundred  species  were  collected,  repre- 
senting fully  the  June  vegetation  of  that  locality.  Eepresentatives 
were  obtained  from  four  different  conditions  of  soil  and  temperature, 
viz,  the  borders  of  Salt  Lake  and  its  neighboring  alkaline  marshes; 
the  common  sandy  sage-brush  plain,  somewhat  enriched  here  by  the 
irrigation  universally  practiced  in  Utahj  the  alluvial  deposits  along 
Ogden  and  Weber  Bivers ;  and  the  mountains  of  the  Wahsatch  Bange. 
On  the  latter  very  few  alpine  plauts  were  discovered,  for  a  sub-alpine 
flora  clothes  almost  entirely  the  highest  peaks, 

From  Ogden  collections  were  made  in  the  latter  part  of  June  along 
the  stage-route  to  Fort  Hall ;  in  July  from  Fort  Hall  to  the  T6ton  Basia 
and  western  slopes  of  the  T^ton  Rang6;  in  August,  up  Henry's  Fork  to 
Henry's  Lake,  across  the  *'Tyghee"  Pass  and  into  the  Fire- Hole  Ba- 
sins. After  this  date  the  flowering  season  had  about  passed,  and  only  a 
few  species  not  before  collected  were  noticed.  Collections  were  made 
in  September  and  the  flrst  of  October  down  the  South  Fork  of  Snake 
River,  principally  of  plants  in  an  advanced  st^te  of  fruitage-  On  Oc- 
tober 11  we  closed  our  collections  at  Fort  Hall,  having  been  aboat  five 
mouths  in  the  field. 

I  would  divide  the  plants  collected  into  three  separate  and  distinct 
floras,  viz : 

L  The  flora  of  the  plains  from  Ogden,  Utah,  to  the  T6ton  Basin. 

XL  The  flora  of  the  T^ton  Eange  and  Mountains  along  the  YeUow- 
stone. 

HI.  The  flora  of  the  Geyser  Basins. 

Although  a  few  flowers  are  common  to  all  these  divisions,  as  can  be 
seen  in  the  following  catalogue,  yet  the  main  features  are  very  distinct. 

I.  The  Flora  of  the  plains  is  exactly  what  has  been  so  often  seen  and 
described  on  all  the  vast  "sage-brush  "  deserts  of  the  West.  It  is  pecu- 
liar to  this  dry,  sandy  region,  yet  much  more  luxuriant  than  one  would 
imagine  from  the  nature  of  the  soil.    At  the  same  time  it  becomes  ex- 
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tremely  monotonous^  as  a  few  si)ecies  exhaast  the  number,  and  you  can 
ebserve  but  an  endless  display  of  individuals.  As  justly  remarked  by 
C.  C.  Parry,  in  bis  "  Botany  of  tbe  Mexican  Boundary,"  "  the  peculiari- 
ties of  the  scenery  of  a  country  depend  upon  its  vegetable  productions." 
Thus  <me  who  has  ever  traveled  across  these  sand  deserts  will  not  fail 
to  pieture  them  in  his  memory,  connected  with  the  universally  prevalent 
gray  or  dull  olive  color  of  the  herbage.  Hence,  owing  to  the  immense 
namber  of  individuals  represented  by  only  a  few  species,  the  scenery  of 
the  country  has  an  unpleasant  sameness.  The  extensive  plains  exhibit 
a  monotonous  succession  of  the  same  forms,  and  the  botanist,  knowing 
exactly  what  to  expect,  loses  the  zeal  he  would  possess  in  a  more  varied 
region.  Occasionally,  where  a  stream  has  made  a  richer  soil,  there  is  a 
change  from  desert  to  valley  flora,  and  the  more  brilliant  hues  of  the 
vegetation,  from  the  delicately  tinted  petals  to  the  rich  green  leaves,  is 
a  wonderful  rest  to  the  eyes  and  awakens  new  zeal. 

On  all  these  plains  an  entire  absence  of  trees  is  noted,  except  a  few  of 
stunted  growth  along  the  larger  streams ;  while  the  mountain-ranges 
are  sparingly  timbered  with  Coniferw  from  base  to  summit,  intermixed 
along  some  of  the  foot-hills  with  ^^  bitter  cotton  wood."  Upon  the  plains 
around  Ogden  a  variation  in  the  flora  is  noted  as  we  near  Great  S^t 
Lake.  The  higher  types  seem  unable  to  exist  in  the  strongly  alkaline 
soil,  and  give  place  to  the  OwnopodiacetB.  This  family  is  well  represented 
here,  as  is  common  along  all  bodies  of  salt  water,  not  so  much  by 
the  number  of  species  as  by  the  immense  display  of  individuals.  Small 
Pdyganums  and  Euphorbias  also  mat  the  ground  in  places,  but  are  by 
no  means  so  abundant  as  the  Chenopods,  chiefly  represented  by  the 
genas  Ohione.  Wherever  the  soil  is  largely  charged  with  alkali  the 
"  grease-wood  "  {/8arco6a*t«  t?ermict«to^t«)  is  very  abundant.  In  almost 
the  same  situations  were  always  found  the  Halostachys  ocddentalis,  Sali- 
eomia  herbaceaj  and  Eurotia  lanata^  as  well  as  numerous  other  cheno- 
podiaceous  plants. 

Farther  back,  toward  the  mountains,  the  higher  types  appear  again, 
and  with  a  greater  richness  of  color  than  seems  possible  in  such  soil. 
Of  course  the  Artemesias  are  common  everywhere,  and  especially  A. 
tridentataj  completely  covering  the  plains  and  far  up  the  mountain 
slopes.  Among  the  shrubby  Artemisias  can  be  seen  the  beautiful  Calo- 
du^rtus  Jfuttdllii,  the  ^^Sego"  of  the  Mormons,  numerous  Phloxes  and 
Oilias,  brilliant-flowered  Cactiy  several  species  of  Eriogonum^  chiefly  E. 
ovalifoliumj  E,  heracleoides,  and  E.  umbeHatum^  several  species  of  (Eno- 
tkeroj  Astragalus^  Fha4ieliaj  and  many  others  equally  important  that 
might  be  mentioned.  Along  the  water-courses  may  be  seen  two  bright 
MimuUj  M.  Lewisii  and  M.  luteusj  several  labiate  plants,  two  species 
of  rose,  B,  fraxinifolia  and  R.  blanda,  many  Banunculaceas,  the  two 
brilliant  Capparidacecej  Cleome  aurea  and  Cleome  integrifoliaj  several 
(hiagraee<ie^  &c. 

All  of  these  orders  are  far  surpassed  by  the  Composite,  both  in  the 
great  variety  of  species  and  the  immense  display  of  individuals.  Se- 
rene Watson  estimates  that  they  comprise  one-seventh  of  western  col- 
lections, and  he  by  no  means  overestimates  them. 

II.  The  flora  of  the  mountain-ranges.  The  plants  collected  from  the 
Wahsatch  Mountains,  near  Ogden,  are,  for  the  most  part,  sub-alpine,  and 
almost  id^itical  with  those  collected  at  equal  altitudes  on  the  T^ton 
Bange,  and  seem  to  be  identical  with  those  common  to  every  range  in 
tbe  Northwest.  But  the  T^tons  rise  so  much  higher,  and  are  exposed 
constantly  to  such  severe  cold  from  snow  and  winds,  that,  above  10,000 
feet,  1  gathered  a  flora  such  as  I  saw  nowhere  else  on  the  trip.    Appar- 
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ently  delicate  plants  were  seen  blooming  through  the  snow,  and  vegeta- 
tion, though  limited  in  species,  seems  abundant  until  within  three  hon* 
dred  feet  of  the  summit  of  Mount  Hayden,  where  all  plant-life  ceases, 
except  a  few  lichens  clinging  to  a  bare  rock,  which  is  swept  continually 
by  fierce  winds.  A  fine  field  was  presented  here  for  the  collection  of 
truly  alpine  plants,  and  no  opportunity  was  lost  for  obtaining  anything 
peculiar  to  this  great  elevation,  unusually  exposed,  as  it  is,  to  tempests. 
All  the  alpine  plants  are  noted  in  the  catalogue,  and  the  elevations 
given  at  which  they  were  collected.  The  T6ton  Eange  is  heavily  tim- 
bered with  Coniferce,  chiefly  Pinus  ponderosay  to  an  altitude  of  11,000 
feet,  this  being  the  average  timber-line  of  the  whole  range.  The  maxi- 
mum growth  is  at  an  altitude  between  8,000  and  10,000  feet.  A  marked 
difference  is  observed,  however,  between  the  western  and  eastern  slopes^ 
the  latter  being  much  more  densely  timbered  than  the  former,  and  the 
trees  much  larger  and  less  twisted  and  gnarled.  This  seems  to  result 
from  the  fact  that  on  the  eastern  side  the  T^tons  rise  almost  sheer  ont 
of  the  plains,  presenting  an  enormous  perpendicular  wall,  behind  which 
the  trees  of  the  eastern  slope  are  completely  sheltered ;  while,  on  the 
west,  the  peaks  are  rounded  down  into  the  plains  by  the  foot-hills,  and 
this  whole,  broad,  sloping  side  is  exposed  to  every  blast  from  the  north 
and  west. 

One  noticeable  feature  in  the  tree-life  on  the  mountains  is  the  Abrap^ 
ness  with  which  it  terminates  at  the  average  height  of  11,000  feet.  Tall, 
straight  Coniferce  are  seen  growing  to  the  very  edge  of  this  line,  and 
one  step  takes  us  from  a  forest  to  a  bleak,  open  waste,  where  not  a  tree 
can  live,  except  a  few  stunted  and  twisted  forms  that  have  been  bent 
out  of  all  shape  by  the  superincumbent  mass  of  snow  that  rests  upon 
them  during  the  winter.  These  stunted  forms,  sometimes  even  with 
their  tops  matted  close  to  the  ground,  are  always  found  growing  behind 
some  wall  of  rock  or  steep  bank,  where  the  winter  snows  accnmalate  ia 
immense  drifts  and  completely  cover  and  protect  them  during  the  blight- 
ing winters  of  that  high  altitude.  According  to  Parry  "the  so-called 
timber-line  marks  the  extreme  point  of  minimum  winter  temperature, 
below  which  no  exposed  phsenogamous  vegetation  can  exist.''  All  life 
above  this  limit  is  buried  by  the  deep  winter  snows,  and  thus  protected ; 
hence  in  this  truly  alpine  region  many  plants  are  found  that  are  com- 
mon at  much  lower  altitudes.  The  flowering  season  is  necessarily  short, 
and  we  were  fortunate  in  being  upon  the  T^tons  in  the  very  midst  of  it, 
during  the  last  part  of  July. 

I  have  said  that  all  phsanogamous  life  ceases  within  300  feet  of  the  sqbi- 
mit  of  Mount  Hayden,  which  is  about  13,800  feet  above  the  level  of  the  sea. 
This  is  owing  to  the  great  sharpness  of  the  peak  not  allowing  the 
snow  to  rest  upon  it,  but  to  accumulate  in  great  banks  upon  its  lower 
slopes.  Hence  there  is  no  protection  for  plants  during  the  long  winters 
above  this  bank,  and  we  pass  suddenly  from  a  bright,  varied  alpine 
vegetation  to  bleak,  lichen-covered  rocks,  just  as,  2,000  feet  below,  vc 
passed  suddenly  from  forest  growth  to  a  low,  matted  vegetation.  It  is 
noticeable  that  the  timber-line  becomes  lower  as  we  advance  farther 
north  in  almost  a  fixed  proportion  to  the  latitude.  The  altitude  of  this 
line  was  accurately  measured  by  Mr.  Henry  Gannett  upon  every  mount- 
ain he  ascended,  and  I  insert  below  a  table  containing  the  altitude  of 
this  line  upon  several  peaks,  together  with  their  approximate  latitades. 
We  were  unfortunate  in  obtaining  no  accurate  measurement  apon  the 
T<3tons,  and  henCe  the  altitude  of  the  timber-line  upon  this  isolated 
range  is  but  approximate. 

The  timber-lines  in  Colorado  are  mostly  &om  Parry's  measorements 
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I  indade  also  a  few  peaks  on  other  coDtinents,  for  the  sake  of  comparison, 
the  latitades  of  which  are  approximate,  as  their  positions  are  well 
known.  The  table  is  arranged  according  to  the  latitudes,  commencing 
at  the  northernmost  point  and  running  south. 


Name. 


Latitude. 


Ele- 
vation. 


lineon  Bridger's  Peak,  Montana 

line  on  Mount  Delano,  Montana 

line  on  Ward's  Peak,  Montana 

line  on  Mount  Blackmoro,  Montana 

line  on  second  cafion  of  Madison  River;  Montana 

•line  on  Electric  Peak^  Wyoming 

-line  on  mount  near  Henry's  Lake,  Idaho 

•line  on  Mount  Washburn,  Wyoming 


45 
45 
45 
45 
45 
44 
44 
44 


47 
32 
30 
26 
00 
58 
55 
48 


44      00 


Timber- 
Timber- 
Timber- 
Timber- 
Timber- 
Timber- 
Timber- 
Timber- 
Timber- 
Timber 
Timber- 


line  on 
line  on 
line  on 
line  on 
line  on 
line  On 
line  on 
line  on 
line  on 
-line  on 
-line  on 


Cascade  Eange,  Oregon 

Mount  Hay  den,  T^ton  Range. 

Wind  River  Mountains 

Mount  Shasta,  California 

Gilbert's  Peak,  in  the  Uintas 

Long's  Peak,  Colorado 

Audubon's  Peak,  Colorado  . . . 
Mount  Engelmann,  Colorado . 
Berthoud's  Pass,  Colorado — 

Gray's  Peak,  Colorado , 

Pike's  Peak,  Colorado 

Colorado  in  general. 


44 
43 
43 
41 

40 
40 
40 


av. 
44 
00 
15 
50 
20 
00 


Timber-line  in 

Timber-line  on  San  Francisco  Mount,  Arizona 


FOREIGN  BEAKS. 


Timber-line  on  Alps 

Timber-line  on  ^tna 

Timber-line  on  Himalayas. 
Timber-line  on  Teneriffe . . . 


Timber-line  on  Andes,  in  South  Ajnerica. 
Timber-line  on  Andes,  in  Mexico 


39 
39 
38 


50 
45 
53 


35   30 


47  to  44  00 
37   48 
28  to  30  00 
27   45 


9, 002 
8,784 
9,156 
9,550 
9, 754 
9, 442 
9.368 

9,yoo 

5,000 
to  5,200 

7,000 
11,000 
10,160 

8,000 
11,100 
10,809 
11,325 
11,518 
11,816 
11,643 
12, 040 
11,600 
to  12.000 
11, 547 


6,500 
6,600 

11,800 
7,tiOi) 

11,000 
to  12. 00(J 

12,800 


It  will  be  seen  that  there  is  a  very  regular  increase  in  the  elevation 
of  the  timber-line  as  the  latitude  decreases,  subject  of  course  to  varia- 
tions when  in  the  neighborhood  of  high  tablelands  or  seas.  As  we 
approach  the  sea  the  timber-line  rapidly  sinks,  until  it  is  rarely  over 
7,000  feet  in  elevation,  while,  upon  the  mountain-peaks  that  rise  above 
elevated  plateaus,  it  reaches  an  elevation  of  nearly  13,000  feet. 

This  immense  extent  of  high  land  of  course  raises  the  temperature, 
and,  by  allowing  the  height  of  the  timber-line  to  depend  upon  the 
mean  annual  temperature  of  the  place,  the  difference  between  the  height 
of  the  line  near  table-lands  and  seas  is  accounted  for. 

The  Wahsatch  Eange,  near  Ogden,  is  almost  entirely  destitute  of 
trees,  their  place  being  supplied  by  tangled  shrubs.  Occasionally  a 
small,  stunted  pine  is  met  with,  and  the  common  juniper,  {J.  occidentalis.) 
The  most  common  shrub  is  the  Ceatiotkus  velutinus,  forming  patches  so 
tangled  as  to  be  almost  impassable  to  the  climber.  The  Cercocarpus 
ledi/olitM,  or  <<  mountain  mahogany,"  was  also  noted  in  considerable 
abundance  to  the  height  of  7,500  feet. 
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III.  The  flora  of  the  Fire-Hole  Basin  is  distinct,  from  the  fact  tliat  it  is 
a  region  so  covered  with  hot  springs  and  geysers,  giving  in  the  gejstr- 
ite,  scattered  everywhere,  an  unnatnral  soil,  and  creating  an  artificial 
warmth.    The  geyserite  is  a  'bleak,  barren  waste,  supporting  only  plants 
peculiar  to  itself,  and  seeming  to  kill  everything  of  a  different  nature. 
A  great  number  of  the  hot  springs  have  made  deposits  until  they  have 
almost  closed  themselves  up.    On  top  of  this  a  soil  has  collected,  tlie 
spring  underneath  keeps  it  warm,  and  the  luxuriant  growth  of  a  regular 
hot-bed  is  the  result.    The  plants  that  grow  in  such  situations  are  not 
all  of  them  different  in  species  from  those  that  grow  in  the  valleys  near 
by,  but  they  spring  up  much  ranker  and  attain  two  or  three  times  their 
usual  size.    To  some  plants  of  common  species  the  soil  gives  such  a  dis- 
colored  appearance  as  to  make  them  at  first  scarcely  recognizable.    For 
instance,  take  the  Gentians  that  are  represented  here  so  profasely.    B. 
ietonsa,  Q.  affinis,  and  G.  Amarella  were  repeatedly  met  with  dis^ised 
by  i>erfectly  black  stems  and  veins,  leaves  unusually  dark,  and  petals 
with  the  black  appearance  common  to  dried  specimens.    This  was  the 
case  only  in  the  immediate  neighborhood  of  the  hot  springs.    Elsewhere 
they  retained  their  original  coloring,  though  growing  much  ranker  than 
I  ever  saw  them. 

The  plants  growing  on  the  geyserite  are  chiefly  of  the  composite 
family,  represented  by  the  genera  Solidago^  SeneciOj  Chcenaetis^  Linosy- 
rUy  Antennaria^  and  Achillea.  In  some  of  the  hot  springs  in  both  Upper 
and  Lower  Greyser  Basins  an  Alga  was  discovered  growing,  but  it  came 
East  in  such  a  condition  that  its  species  could  not  be  determined.  Also 
in  the  Lower  Basin  were  found  8omet>range-colored  confervoid  specimens, 
concerning  which  Charles  H.  Peck,  esq.,  to  whom  they  were  sent,  re- 
marks, <^  I  believe  they  have  been  described  under  the  name  Gonferra 
aurantiaca^  but  it  is  now  generally  regarded  as  the  primary  state  of  some 
plant  of  higher  order,  moss  or  fern.'' 

In  all  this  western  region  the  botanist  notices  the  absence  of  one  great 
group  of  plants.  The  Ferns  are  almost  unrepresented  here,  owing  to 
the  great  dryness  of  the  climate.  Being  fond  of  dark,  damp  places, 
they  are  seldom  found  in  this  elevated  region,  where  the  air  is  dry  and 
pure.  Occasionally,  in  some  dark  and  unusually  damp  caiion,  a  few 
stunted  forms  were  found,  and  then  in  no  great  abundance.  Two  locali- 
ties only  were  noted  where  Ferns  were  found  in  any  size  and  abundance : 
once  in  the  new  Oeyser  Basin,  discovered  on  Shoshone  Lake,  being 
there  the  hot-bed  growth  before  mentioned ;  and  next  under  the  shadow 
of  the  Tdtons,  on  the  eastern  slope,  where  a  mountain-stream  had  made 
a  rich  deposit,  and  no  sunlight  could  come  on  account  of  the  immense 
growth  of  Ooniferce.  But  seven  genera  were  found,  including  ten  spe- 
cies, viz,  one  Fteris^  two  Pellwas,  one  Cryptogramme^  two  Aspidiums^ 
one  CystopteriSj  one  Botrychium,  and  two  Woodsias.  Of  these  the  Cy«- 
topteris  fragilis  was  b}^  far  the  most  abundant.  Botrychium  lunarioides^ 
var.  obliquum,  was  found  only  in  the  Geyser  Basin. 

Mosses  were  very  abundant,  both  alopg  the  cold  streams  of  dark 
canons  and  also  upon  the  bare  rocks  of  the  mountain  tops.  A  consider- 
able collection  was  made,  numbering  fifty- two  species.  Some  were  easily 
determined  by  comparing  with  dried  and  labeled  specimens,  but  the 
doubtful  ones  were  sent  to  Leo  Lesquereux,  esq.,  Columbus,  Ohio,  who 
has  done  them  full  justice.  It  will  be  noticed  that  some  were  unable 
to  be  determined  on  account  of  having  no  fruit,  especially  specimens  of 
the  genus  Bryum.  The  order  used  in  cataloguing  them  is  that  of  the 
"  Mmci  Boreali-Americani^  of  Sullivant  and  Lesquereux. 

Lichens  were  common  on  the  volcanic  rock  of  the  T^ton  Range.    Some 
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of  the  peaks  seemed  perfectly  covered  with  them,  hardly  a  square  inch 
being  seen  that  did  not  bear  some  brilliantly-colored  specimen.  They 
seeined  to  grow  in  greater  abundance  and  more  brilliancy  of  color  on 
teftaltic  rock  than  on  granite.  Specimens  were  obtained  mostly  late  in 
the  season,  and  rather  a  large  collection  was  secured.  They  were  sent 
to  Henry  Willey,  esq.,  New  Bedford,  Massachusetts,  and  he  deserves 
great  credit  for  the  prompt  and  accurate  manner  in  which  he  worked  them 
np.  The  number  of  species  collected,  including  their  several  varieties, 
is  sixty-seven,  all  of  which  are  mounted  and  labeled. 

Fungi  occurred  in  considerable  abundance,  but  as  no  conveniences 
for  preserving  them  were  provided,  but  a  small  collection  could  be  made. 
They  were  sent  to  Charles  H.  Peck,  Albany,  New  York,  who  has  done 
more  than  could  be  expected  with  the  very  indififerent  material  sent  to 
him.  The  fleshy  fungi  are  hard  subjects  to  deal  with  in  the  field,  and 
several  expedients  were  resorted  to  for  preserving  them.  An  attempt 
was  made  to  preserve  them  by  pressing  sections,  but  it  was  found  im- 
possible to  keep  them  from  gluing  themselves  to  the  paper  suitable  fbr 
pressing  flowers,  and  thus  raining  specimens.  The  very  tew  .that  I 
did  sacceed  in  bringing  home  in  this  manner  could  not  be  determined. 
The  list  of  fungi  therefore  is'rather  small,  although  containing  two  new 
species.  This  is  a  group  tluit  has  never  been  thoroughly  examined  in 
the  West,  and  I  have  no  doubt  that  a  close  scientific  investigation 
would  disclose  hundreds  of  species  new  to  science.  A  wide  and  an  in- 
teresting field  is  here  laid  open  to  the  mycologist. 

For  the  convenience  of  those  interested  in  comparing  the  flora  of  the 
eastern  and  western  slopes,  I  add  here  three  tables  compiled  from  the 
ooUections  made  in  1871  and  1872.  Having  but  the  work  of  two  seasons 
as  material,  the  tables  are,  to  a  certain  extent,  necessarily  imperfect,  and 
fatore  collections  will  make  many  corrections,  but  they  will  serve  to 
show  the  general  distinctions.  None  of  the  plants  peculiar  to  the  Great 
Salt  Liake  Basin  are  included.  No  attempt  was  made  to  include  the 
Gryptogamia,  as  they  are  not  sufiiciently  known.  It  will  be  remembered 
that  collections  were  made  on  the  Bocky  Mountain  slopes  between  lati- 
tude 430  and  460. 

FH^NOGAMIA  FOUND  ON  BOTH  SLOPES. 


Clematis  verticillaris. 
Donglasii. 
lignsticifolia. 
Anemone  multifida. 
Thalictram  Fendleri. 
Ranancolas  aqaatilia^ 

var.  trichophyUos. 
var.  stagntuiB. 
CymbaUrTa. 
repeos. 
nivalis. 

var.  Eachscholtzii. 
Flammnla, 
Tar.  reptans. 
Caltha  leptosepala. 
TroUios  laxnii. 
Aquilegia  ccernlea. 

flayesoenji. 
Delphininm  Menziesii. 
elatnm. 
var.  (f )  oooidentale. 
Aconitnm  nasntom. 
jActaoa  spieata. 
iBerbeiis  Aqalfolinm. 

I  48  G  8 


Naphar  advena. 
Arabia  Drummondii, 
var.  alpina. 
Cardamine  panciaeota. 
Erysimam  asperum. 

obeiranthoides. 
Sisymbrium  canescens. 
juncoum. 
Bmelowskia  calyoina. 
Stanleya  viridiflora. 
Pbysaria  didymocarpa. 
Draba  alpina. 

nemorosa, 
var.  Intea. 
Viola  NnttalUi. 
Silene  acaulis. 

Menziesii. 
Lycbnis  DmmmondiL 
SteUaria  longipes. 
Arenaria  lateriflora, 
eonij^esta. 
arclioa. 
Claytonia  Caroliniana, 

var.  lanoeolata. 
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Claytonia  ChamisBonis. 
Talinum  pygm»am. 
Sphseralcea  acerifulia. 
LiQum  perenne. 
Geranium  RtchardHonii. 

Fremont  ii. 
LupinUD  polyphyllufl. 
csespitosuB. 
lencopbyllss. 
laxiflorns. 
omatus. 
Tlifolium  longipea. 

Haydeni. 
Glycyrrhiza  lepidota. 
He^lysarnm  boreale. 
Astragalus  hypoglottis. 

campestris. 
Oxytropis  Lamberti. 
Thermopsis  fabacea. 
Spinea  betulssfolia. 
Geum  triflornm. 
atrictam* 
Ivesia  Gordoni. 
Potentilla  fniticosa. 

millegraua. 

Anserina. 

divenii  folia. 

glanduloea. 

Norvegica. 
Rnbns  Nntkanus. 
strigosuB. 
Amelanchier  CanadenBis, 

var.  alnifolia. 
Ribes  bracteoBum. 

YiscosiBBimum. 
lacustre. 
Saxifraga  uivaliB. 

broncbialis. 

oppositifolia. 

bieracifolia. 

pnnctata. 
Jamosii. 
Tellima  parviflora. 
Mitella  pentandra. 
Hencbera  parvifolia. 
PamaBsia  fimbriata. 
Epilobium  panicolatum. 

'  tetragon  urn. 
Gayopbytnm  diiiusum. 

racemoaam. 
(Enotbera  triloba. 

beterantba. 

biennis. 
Mentcelia  Isevicaalis. 
Bapleurnm  ranunculoides. 
Carum  Gairdneri. 
Osmorrbiza  nnda. 
Slum  augUBtifolium« 
Myrrbis  occidentaiis. 
Cymopterus  foeniculaceus. 
Heracjcum  lanatns. 
CornuB  pubescens. 
Sympboricarpus  montanaB. 

occidentalifl. 
Lonicera  involncrata. 
Galium  boreale. 
Aparine. 
trifidnra. 
Valeriana  edalis. 
MacbsBrantbera  caneBcens. 


Aster  inte^rifolius. 
glaeialis. 
adsceudens. 
salsuginoBoa. 
multillorus. 
eleganB. 
Haydeni. 
Erigeron  Bellidiastmrn. 
glabellam. 
corymbosum. 
macrantbum. 
Townsendia  scapigera. 
Solidago  giganteaw 

Yirga-aureay 
var.  multiradiata. 
Linosyris  viscidiflora. 
Aplopappns  acaulis. 
Griudelia  squarrosa. 
Cbrysopsis  villosa. 
Iva  axillaris. 
Heliantbus  lenticularis. 
Heliantbella  uniflora. 
Hellomeris  multiflora. 
Cbienaotis  Donglasii. 
Bahia  leucopbyTla. 
Aotinella  grandiflora. 
Amida  birsuta. 
Acbillea  Millefoliam. 
Art/emisia  Ludoviciana. 
discolor, 
tridentata. 
dracnn  caloidee. 
Gnapbalium  luteo-albam, 

var.  SprengellL 
Antennaria  alpina. 

margaritacea. 
Carpatbica, 

var.  pulcheirima. 
dioica. 
racemosa. 
Senecio  Andinus. 
Ingens. 
aureus, 
triangularis, 
bydropbilus. 
Arnica  cordifolia. 

Cbamissonis. 
Arnica  augustifblia. 
Tetradymia  canescens. 
Cirsium  foliolosum. 

Druramondii. 
Stepbanomeria  exigua. 
^Hieracium  Scoaleri. 
Crepis  occidentaiis. 

acuminata. 
Macrorrbyncns  troximoides. 

glancns. 
Mnlgedium  pulchellum. 
Porterella  camulosa. 
Campanula  rotundi folia, 

var.  linifolia. 
Arotostapbylos  Uva-Ursi. 
Ledum  glandnlosum. 
Bryantbus  empetriforrais. 
Pyrola  cblorantba. 
rotundifolia, 

var.  incarnata. 
secnnda. 
Moneses  nniflora. 
Cbimapbila  umbellata. 
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Pterospora  Andromedea. 
Monotropa  Hypopitys. 
I>ode€atbeon  Meadia. 
Androsace  septenthoDalis. 
Ltysioiacbia  ciliata. 
Apb^llon  fusciculatum. 
Collinaia  parviflora. 
Pentstemon  confertus, 

var.  coemleo-purpureus. 
denstns. 
Mi  mains  Lewisii. 
luteos. 
Veronica  alpiua. 

serpyllifolia. 
Americana. 
CastiUeia  pallida. 
Pedicolaris  Grcenlandica. 
racemosa. 
bracteoea. 
Orthocarpns  luteus. 
£unanu8  Froiuoutii. 
Verbena  bracteosa. 
Mentha  Caoadensis, 

var.  glabrata. 
I>racocephaIam  parviflomm. 
Bmnella  vulgaris. 
Stacbys  palnstris. 
Mertensia  Sibirica. 

alpina. 
Schinospermum  deflexnni^ 

var.  floribuodum. 
£iitrichiam  villosnm^ 

var.  aretioides. 
leiocarpnm. 
crassisepalum. 
Phacelia  circiData. 

sericea. 
Pbloz  longifolia. 
Collomia  linearis. 
Gilia  congesta, 

var.  crebrifolia. 
pnngensy 
var.  squarrosa. 
Polemonium  confertum. 
coBrnleum. 
Frasera  speciosa. 
Gentiana  affinis. 

detonsa. 
Apocynnui  cannabinnm. 
Chenopodiam  album. 

bybridnm. 
Blitnm  capitatnm. 
Honolepis  chenopodiodes. 


Obione  canescens. 
Amarantus  albus. 
Eriogonum  ovalifolium. 
umbel  latum, 
heracleoides. 
microtbecum. 
Oxyria  digyna. 
Rnmex  saTicifolius. 
Polygonum  anipbibium, 

var.  terrestre. 
teune. 
Bistorta, 
var.  oblongifolium. 
Shepberdia  Canadensis. 
Comandra  pallida. 
Arceutbobinm  Amerlcanum. 
Euphorbia  serpyllifolia. 
Betula  occidentalis. 
glandnlosa. 
Alnus  incana. 
Salix  arctica. 
longifolia. 
cordata. 
Populus  tremuloides. 
balsamifera, 
var.  augustifolia. 
Pinus  flexilis. 
contorta, 
var.  latifolia. 
Abies  Douglasii. 

Engelmanni. 
Juniperus  occidentalis. 
Lemua  trisulca. 
Sparganinm  simplex. 
Potamogeton  perfoliatns; 

var.  lanceolatns. 
.  Habenaria  byperborea. 

dilatata. 
Spiranthes  Romauzofflana. 
Iris  tenax. 

Sisyrincbium  Bermudiana. 
Zygadenus  Nuttallii. 
glaucus. 
Streptopus  amplexifolins. 
Smilacina  racemosa. 

stellata. 
Calocbortus  Nuttallii. 

enrycarpus. 
Lloydia  serotiua. 
Milla  grand  iflora. 
Allium  brevistylum. 
stellatum. 
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Ranimonlns  Nelsonii. 
Nasturtium  obtnsum. 
Cardamine  birsuta. 
Arabis  birsuta. 

Dmmmondii. 

perfoliata. 
Tbelypodinm  Integrifolium. 
Tesicarla  alpina. 
Draba  glacial  is. 

nemorosa. 
Lepidium  intermedium. 
Tiola  Canadensis. 

canina, 
var.  sylvestris. 
Cleome  integrifolia. 


I 


8ilene  Dpuglasii. 
antirrbina. 
Arenaria  Fendleri. 
Stellaria  crassifolia. 

borealis. 
Cerastinm  arvense. 

vulgatum. 
var.  Benringiannm. 

nutans. 
Sagina  Linniei. 
Paronychia  sessiliflora. 
Spraguea  umbellata. 
Ciaytonia  linearis. 
Lewisia  red  i  viva. 
Malvastmm  Munroanum. 
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Malvastrum  coccineum. 
Geranium  Caroliniannm. 
Rhus  aromatioa, 

▼aik  trilobata. 
Acer  glabrum. 
Astragalus  dipbysus. 
Canadeusis, 

yar.  Mortoni. 
Kentrophyta. 
alpinns. 
t^etarins. 
caryocarpns. 
oToboideSy 

Tar.  Amerioaniia. 
frigidus. 
bisnlcatus. 
pauoifl<Nnis. 
Ozytropis  multiceps. 
Latbyrus  palostris. 
Spiriea  ciespitosa. 
Cercooarpus  ledifolins. 
Sibbaldia  prooumbens^ 
Chamnrhodos  erecta. 
Potentilla  pulcherrima. 

Peunsylvaoioa, 
Tar.  strigosa. 
fissa. 
NuttaUii. 
CratiBffns  saDguinea. 
Ribes  nirtellam. 

oxycanthoides. 
prostratam. 
cereom. 
Saxifhtga  csBspitosa. 
Heuchera  cyliudrica. 
Parnassia  parviflora. 
palustris. 
Sedum  stoBopetalum. 
rhodantham. 
Epilobium  angnstifoliara. 
summticosam. 
alpinum. 
(Eoothera  albicaulis. 
margioata, 
Tar.  purpurea. 
Gaura  coocinea. 
Mentzelia  omatos. 
Cyinopterns  alpinus. 
Thaspium  trifoliatum. 
Comns  Canadensis. 
Linn»a  borealis. 
Galium  triflomm. 
Liatrispunctata. 
Aster  Engelmanni. 

falcatiis. 
Townsendia  grandi  flora, 
spatbnlata. 
Erigeron  acre. 

compositum. 
cespitosum. 
canescens. 
Diplopappus  alpinus. 
Solidago  nemoralis. 
Linosyris  Howardii. 
Aplopi^pus  lanceolatus. 
inuloides. 
cffispitosus. 
Rudbeckia  laciniata. 
Helianthus  NuttalUi. 


Heliantbus  petiolaiis. 
HymenopappuB  tenuifolius. 
Heleninm  autumnale. 
Artemisia  triiida. 
caaa. 
Tulgaris. 
biennis, 
frigida. 

Kichardsoniaaa. 
Arnica  longifolia. 
Seneoio  canus. 

Fremontii. 
Cirsium  undulatum. 

disoolor. 
Echinais  carlinoides, 

var.  nutans. 
Calais  nutans. 
Hieracium  albiflorum. 
Lygodeemia  spinosa. 
juncea. 
Crepis  mnoinata. 
Andersonii. 
Taraxacum  Dens-leonis. 
Gaillardia  aristata. 
Mulgeduim  leucophieam. 
Yaocininm  Myrtillus. 
Kalmia  glauca. 

Tar.  micropbylla. 
Plautago  eriopoda. 
Primula  fisirinosa.  • 
Androsace  filiformis. 
Phelip»a  Ludoviciana. 
Pentstemon  glaucus, 

yar.  stenosepalaa. 
Menziesii. 
cristatus. 
attenuatus. 
Limosella  aquatica. 
Synthyris  pinnatifida. 
Castilleia  affinis, 

yar.  minor. 
Veronica  scutellata. 
Verbena  bastata. 
Lycopus  Virginicus. 
Monarda  fistulosa. 
Lopbantbus  urticiefolinB. 
Entrichium  glomeratum. 
Ecbinospermum  Redoweki, 


Myosotis  sylyatica, 

yar.  alpestria. 
Hydropbyllnm  capitatum. 
Phacelia  Menziesii. 
Franklinii. 
Nemophlla  parviflora. 
Phlox  Douglasii, 

yar.  diffusa. 
Gilia  pnsilla. 

liniflora. 
Polemonium  cc&ruleam, 

yar.  folioaisaimiuii. 
Gentiana  Amarella, 

yar.  striota. 
Apocynum  androssmiluliam. 
Acerates  decumbens. 
Oxybaphus  augustifolius. 
Abronia  fragrans. 
Blitum  polymorphum. 
SuiBda  deprf 
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Salicomia  herbacea. 
Eriogonmn  oTalifolium, 

var.  tonais. 
Polygonnm  viyipamm. 
Eophorbia  glyptosperma. 
dictyoepeima. 
Euphorbia  montana. 
Urtica  graoilis. 
Alnns  viridis. 
Pinufi  moDoph^Ua. 
Abies  Menziesii. 
Juniperos  commonis. 


Lemna  minor. 
Potamogeton  rufescens. 

pectinatas. 
Triglocbin  maritimum. 
Xeropbyllum  tenax. 
Proeartes  tracbycarpa. 
Fritillaria  pudica. 

atroparparea. 
Erythroninm  grandifloram. 
Allium  Scbc&noprasam. 
bisoeptrum. 


PHJBNOOAMIA  TOUMD  OKLY  ON  THB  WESTERN  SLOPE. 


Clematis  ligusticifolia, 

▼ar.  breviflora. 
alpina, 
▼ar.  Ochotensis. 
Ranancaliis  affinis. 

adoneoB. 
Delphininm  scopulorum. 
PiBonia  Brownii. 
Dicentra  nuiflora. 
Nasturtiom  cnrvisiliqua. 
palnstre, 
var.  hispidnm. 
Cardamine  oligosperma. 
Axabis  retrofracta. 
Vesicaria  arctica. 
Draba  stellata. 

anrea. 
Lepidiom  montannm. 
Barbarea  vulgaris. 
Viola  cQcullata. 
Cleome  anrea. 
Arenaria  vema. 

puDgens. 
Hypericum  Scouleri. 
Liipinns  pusillns. 

parvifloms. 
Trifoliam  Kingii. 
Hedysamm  MackeuziL 
Aatiagalns  pictos. 
Geyeri. 
Oxytropis  nana. 
Spixiea  dnmosa. 

betuliefolia, 
▼ar.  rosea. 
Millefolium. 
Geam  maoropbyllum. 
Petentjlla  argnta. 

diversifolia, 
▼ar.  multisecta. 
Fragaria  ▼esca. 

Virginiana. 
Rosa  blanda. 

fraxinifolia. 
Pnrshia  tridentata. 
Dryas  octop«ttala. 
Teuima  tenella. 
MiteUa  trifida. 
Sednm  Rbodiola. 
GBoothera  marginata. 
scapeidea. 
Andina. 
Gaiira  parvi  flora. 
Lythrum  alatnm. 
Angelica  Breweri. 
Sium  lineare. 


Cicuta  roaculata. 
Conioselinum  Canadense. 
Lonioera  Utahensis. 
Valeriana  dioica, 

▼ar.  syl^atica. 
Enpatorinm  purpurenm. 
Aster  pulohellus. 

Sifcyi. 
TowDsendia  strigosa. 
Erigeron  filifolium. 

grandiflomm. 
Solidago  Guiradonis, 

▼ar.  Bpectabilis. 
elongata. 

Linosyris  Howardii, 

▼ar.  Ne^radensis. 
Aplopappus  sufiruticoSns. 

uniflorus. 
Balsamorrhiza  Hookeri. 

sagittata. 

Rudbeckia  occiden talis. 
Helianthella  multicaulis. 
Layia  glanduloea. 
Gnaphalium  microcephalum. 
Antennaria  Carpathica. 
Arnica  latifolia. 
Senecio  Fendleri. 
subnudus. 
Stephanomeria  paniculata. 
Malacothrix  sonchoides. 
Crepis  nana. 
Vaccinium  o^alifolinm. 

M^rtilloidee. 

uliginoBum. 

Pyrola  aphylla. 

picta. 
Kalmia  glauca. 
Plantago  Patagonica, 

▼ar.  gnapbalioides. 
Glauz  maritima. 
Aphyllon  uniflomm. 
Pbelipiea  erianthera. 
Utricularia  ▼nlgaris. 
Pentstemon  acuminates. 

glaucus. 

glaber. 

coufertns. 

cyananthus. 

Meuziesii, 
▼ar.  LewisU. 

Mimolus  moscbatus. 
floribnndus. 
luteuSi 
▼ar.  alpinos. 
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Veronica  Anagallis. 
peregrina. 
Synthyris  alpina. 
Castilleia  flava. 

parviflora. 
Pedicularis  Sudetica. 
Orthocarpus  Tolmiei. 
Conlylanthus  ramosus. 
Scutellaria  galerieulata. 
Physostegia  parviflora. 
Merteusia  brevistyla. 
Lithospermum  pilosam. 
Eritricbium  angusti folium. 
Californicum. 
Coldeuia  Nuttallii. 
Piptocalyx  circumsclssuB. 
HydrophylluQi  capitatum, 

var.  alpinum. 
Phacelia  Ivesiana. 
Nama  demissa. 
Phlox  canescens. 
csBspitoBa. 
Collomia  linearis, 

var.  Bubulata. 
Gilia  aggregata. 
intertexta. 
leptomeria. 
floccosa. 
pusilla, 
Tar.  Califoruica. 
Nicotian  a  attennata. 
Gentiana  simplex. 
Amarella. 
calybosa^ 
Asclepias  speciosa. 
Cbeuopodium  album, 

var.  leptophyllum. 


Obione  argentea. 
Eurotia  lanata. 
Grayia  polygaloidea. 
Eriogonum  Kingii. 

cernuum, 

var.  tenue. 
flavum. 
caespitoaam. 
Rumex  maritimus. 
paucifolius. 
venosus. 
Polygonum  Bistorta, 

var.  linearifoliam, 
Ceratopbyllum  demersum. 
Urtica  dioica, 

▼ar.  occidentalis. 
Parietaria  Pennsylyanica. 
Salix  reticulata, 
arctica, 

var.  Brownii. 
glanca. 
Salix  cordata, 

var.  angustata. 
amygdaloides. 
Pin  us  ponderosa. 
Abies  grandis. 
amabilis. 
Juniperus  Virginiana. 
Typba  latifolia. 
Sagittaria  variabilis. 
Habenaria  foBtida. 
Groodyera  Menziesii. 
CoraUorbiza  multiflora. 
Veratrum  album. 
Camassia  esculenta. 
Alluim  acuminatum, 
cernuum. 


RANUNCULACEiE. 


Clematis  ligusticifolia,  Nutt. — Port  Neuf  Caiion,  Idaho  Territory, 
July. 

Clematis  ligusticifolia^  Nutt.,  var.  hreoiftora^  T.  &  6. —  Blackfoot 
Eiver,  Idaho  Territory,  July;  near  Brighain  City,  Utah  Territory,  June. 

Clematis  verticillaris^D.  C,  (0.  Columbiana^  T.  &  G.,  Atragene  Ameri- 
canaj  Sims.) — T<§toii  Mountains,  elevation  11,000  feet,  July. 

Clematis  Bouglasiij  Hook.,  ( (7.  WyetJtiij  Kutt.)  —  T^ton  MoantaiDS, 
elevation  10,000  feet,  July ;  Snake  Kiver  Valley ;  Fort  Ellis,  Montana 
Territory. 

Clematis  alpina^  Mill.,  var.  Ochotensis,  Gray. — T^ton  Mountains,  eleva- 
tion 10,000  feet,  July. 

Anemone  multifida^  D.  0. — ^Itfountains  near  Clark's  Fork,  Wyoming 
Territory,  elevation  9,000  feet,  August;  Snake  River  Valley,  July; 
Fort  Ellis,  Montana  Territory.  At  this  last  locality  both  red  and  white 
flowers  were  collected. 

Anemone  muUiJida^iy,Qi,^Y2C[,'\  "Dwarf,  6-8';  divisions  of  the  leaves 
lance-ovate,  becoming  glabrous;  petals  5  to  6,  deep  red;  heads  of  car- 
pels globose;  carpels  woolly  below,  smooth  above;  style  recurved.' 
Professor  Porter. — T6ton  Range  at  10,000  feet  altitude,  July  24. 

Tlialictrum  Fendleri^  Engelm. — Red  Mountain,  elevation  9,600  feet, 
September ;  Tetou  Range,  elevation  10,000  feet,  July ;  Fort  Ellis,  Mon- 
tana Territory ;  Henry's  Fork  of  Snake  River. 

Myosurus  aristatus,  Benth.,  (Loud.  Jour.  Bot.,  6,  458.) — Black  Bnttes, 
June. 
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Banuficulm  aqiuitiliSn  L.  var.  trichophyllus,  Chaix. — Near  Ogden, 
Utah  Territory,  June ;  Heart  Lake^  September;  Snake  River  Valley, 
August. 

Ranunculus  aqu^tiliSj  L.,  var.  stagnalia^  D.  G. — Divide  between  Marsb 
and  Malade  Valleys,  June. 

Ranunculus  Flammula^  L.,  var.  reptans^  Gray. — Henry's  Pork  of  Snake 
Biver,  Aagust ;  T6ton  Basin,  July;  Trail  Greek  Mountains,  September. 

Ranunculus  Cymhalariay  Pursh. — ^Near  Ogden,  Utah  Territory,  May ; 
Fort  Ellis,  Montana  Territory,  July;  Henry's  Lake,  Idaho  Territory, 
August. 

Ranunculus  ajffinis,  B.  Br. — T6ton  Mountains,  elevation  10,000  feet, 
July. 

Ranunculus  nivaliSy  R.  Br.,  var.  JBschscJioltziiy  S.  Watson. — Upper 
T6ton  Ganon,  July. 

Ranunculus  repenSj  L. — ^Near  Ogden.  Utah  Territory,  June ;  Henry's 
Fork  of  Snake  River,  August ;  T^ton  River,  July. 

Ranunculus  macranthusj  Scheele,  {R.  repenSy  var.  maxyranthuSj  Gray.) — 
Ogden  Gafion,  Utah  Territory,  June. 

Ranunculus  adoneus,  Gray,  (En.  Hall  and  Harbour's  Plants,  p.  56.) — 
Henry's  Lake,  Idaho  Territory,  August. 

.  Ranunculus  Nelsonii,  Gray,  (Proc.  Am.  Acad.,  May,  1872,  p.  351.) — 
Yellowstone  Lake,  1871. 

Caltha^  Icptosepalay  D.  G. — ^T^ton  Mountains,  elevation  11,500  feet, 
July. 

jtrolUm  laxuSj  Salisb. — ^T6ton  Mountains,  elevation  12,000  feet,  July; 
Trail  River  Mountains,  September. 

Aquilegiacceruleay  James. — ^T6ton  Mountains,  elevation  8  to  10,000  feet. 
Flowers  were  noted  of  four  distinct  colors  with  all  their  intermediate 
shades,  viz,  white,  blue,  pink,  and  buff;  July. 

Aquilegia  ftavescenSy  S.  Watson,  (Glarence  King's  Rep.,  vol.  v,  p.  10.) — 
Ogden  Gallon,  Utah  Territory,  June;  Yellowstone  Lake,  August;  Trail 
River  Mountains,  September;  mountains  near  Henry's  Lake. 

Delphinium  elatumyh.yysir.  (?)  oecidentalcj  S.  Watson. — T^ton Foot-hills, 
July. 

Delphinium  Menziesii,  D.  G. — Near  Ogden,  Utah  Territory,  May; 
T6tou  Mountains,  elevation  10,000  feet,  July. 

Delphinium  scopulorumy  Gray,  (Plant®  Wrightianae,  2,  p.  9.) — T6ton 
Foot-hills,  August  3. 

Aconitum  nasutumy  Fisch. — Yellowstone  Lake,  August;  Upper  Gey- 
ser Basin,  September ;  T^tou  Ganon,  July. 

Actasa  spicata,  L.,  var.  argutay  Torr. — Upper  T^ton  Ganon,  July. 

Pceonia  Browniiy  Dougl. — Snake  River  Valley,  July.  Every  specimen 
found  had  but  two  carpels  instead  of  3-5.  The  seeds  are  eaten  by  the 
Bois^  Indians  as  beans. 

.  BEBBEBIDAGE^. 

Berberis  AquifoUumy  Pursh. — Plains  and  foot-hills  near  Ogden,  Utah 
Territory,  June;  Lower  Fire-Hole  Basin,  August,  in  fruit. 

NYMPHACEJE. 

Nuphar  advenay  Ait. — Henry's  Fork  of  Snake  River,  July;  Lower 
Falls  of  the  Yellowstone,  August  4. 

PAPAYEBACE^. 

Argemone  Mexicanay  L.,  var.  hispida.  Torr. — Near  Brigham  Gity,  Utah 
Territory,  June  25. 
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FII0fASIAOE2B. 

IHcentra  uniflora,  Kellogg  ined.,  (by  ProfessorThomas  C.  Porter.)  I>warf, 
3-5';  scape  l-flowered,  furnished  with  one  or  two  linear  bracts ;  flowers 
6-7"  long,  apparently  purple;  sepals  oblong,  obtuse,  3-4"  long,  deep 
purple;  out«r  petals  contracted  in  the  middle,  the  lower  half  with  short 
rounded  spurs,  the  upper  hooded  part  oblong  and  widely  recarved, 
spreading ;  inner  petals  abruptly  expanded  above  the  claw  into  sharp 
triangular  wings,  not  crested.  Summit  of  a  mountaiq  near  Ogden, 
Utah  Territory,  and  in  the  T^ton  Bange  at  10,000  feet  altitude.  Mr. 
Coulter  says,  *Mt  grows  on  the  mountain  tops  where  the  snow 
has  just  melted,  or  even  rarely  in  the  snow  itself.  No  leaves  or  any 
trace  of  them  were  found,  although  the  plant  was  collected  both  fa  Jiine 
and  August.  I  had  described  this  plant  as  a  new  species,  and  named 
it  D.  nivaliSj  when  I  learned  froDgi  Dr.  Gray  that  it  had  been  discovered 
in  the  Sierra  Nevada,  as  early  as  1870,  by  Mr.  Kellogg,  who  was  about 
publishing  it  as  D.  uniflora. 

« 

Nasturtium  officinale^  Br. — ^Weber  River,  Utah  Territory,  June. 
Doubtless  introduced. 

Nasturtium  eurvisiliquay  Nutt.  MSS. — ^Henry's  Lake,  Idaho  Territory, 
August. 

N^asturtium  obtuauMj  Nutt. — Growing  in  the  spray  of  the  lower  falls 
of  the  Yellowstone,  August. 

Nasturtium  palustrej  D.  O.,  var.  hispidum,  Gray. — Great  Salt  Lake, 
•June. 

Barbarea  vulgaris^  B.  Br. — Snake  River  Valley,  August. 

AraMs  Drummondiij  Gray. — Near  Ogden,  Utah  Territory,  June. 

Arabia  Drummondii,  Gray,  var.  alpina^  S.  Watson. — ^Mountains  near 
Henry's  Lake,  Idaho  Territory,  August. 

Arabis  retrofractOj  Graham. — ^Near  Ogden,  Utah  Territory,  June;  T^- 
ton  Basin,  July  21;  Shoshone  Lake,  September;  Red  Mountain,  eleva- 
ition  10,000  feet;  a  very  dwarf  form. 

Streptanthus  cordatuSj  Nutt. — Near  Ogden,  Utah  Territory,  June. 

Cardamine  hirsuta^  L. — ^Yellowstone  Lake,  August. 

Cardamine  paucisectUj  Benth. — T^ton  Canon,  July. 

Cardamine  oligospermaj  Nutt. — ^T^ton  Mountains,'elevation  10,000  feet, 
-July. 

Vesicaria  arcticaj  Richards. — T^ton  Mountains,  elevation  10,000  feet, 
July. 

Phyewria  Mdymocarpa^  Gray. — T6ton  Mountains,  elevation  12,000  fret, 
July. 

Drabaaurettj  Vahl. — Tdton  Mountains,  elevation  12,000  feet,  July. 

Braha  alpincL,  L,— Mountains  near  Henry's  Lake,  Idaho  Territory, 
.August. 

Braba  alpina^  L.,  var.,  S.  Watson,  (near  D.  glacidliSj  var.  Xy  Hook.)— 
T^ton  Mountains,  elevation  12,000  feet,  July. 

Draba  glacialiSj  Adams,  (D.  alpina,  var.  (t)  S.  Watson.) — ^Mountains 
near  Ogden,  'Utah  Territory,  elevation  9,500  feet,  June. 

Draba  stellata,  Jacq.,  (Watson  in  Clarence  King's  Rep.,  vol.  r,  p.  21.)— 
T^ton  Mountains,  elevation  11,000  feet,  July. 

Sisymh'iumjunceum,  Bieb. — A  form  (f) — Snake  River  Valley,  July. 

Sisymbrium  canescens,  Nutt. — Weber  River,  Utah  Territory,  June; 
very  variable.    ''Ah-ts^h  of  the  Pah-Utes."    Watson. 
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Smelowskia  calycina^  E.  Meyer. — ^T6tou  Moantains,  elevation  12,000 
feet,  July;  moantains  aloDg  Clark's  Fork,  Wyoming  Territory,  elevation 
9,000  feet. 

Erysimum  cJieiranthoideSj  L. — Snake  Biver  Valley,  July. 

Urysimum  asperuMy  D.  G. — Near  Ogden,  Utah  Territory,  May  ^  T^ton 
Mountains,  elevation  10,000  feet,  July. 

Stanlega  viridiflora^  Natt. — Port  Neaf  Canon,  Idaho  Territory,  July ; 
Snake  Elver  Valley. 

Thelypodium  NutkUUiy  S.  Watson,  {Streptanthus  aagUtatuSj  Nntt.) — 
Kear  Ogden,  Utah  Territory,  Jane^  divide  between  Marsh  and  Malade 
Valleys;  Yellowstone  Lake,  August. 

Brnssica  Sinapistrumj  Boissien — Fort  Hall,  Idaho,  July.  Doubtless 
introduced. 

Lepidinm  sativum^  L. — Flowers  rose-colored.  Weber  Biver,  Utah  Ter- 
ritory, June.    Probably  introduced. 

Lepidium  montanumy  Nntt. — Malade  Valley,  Utah  Territory,  June: 
Snake  River  Valley,  July.  Very  abundant.  A  dwarf  form  was  founa 
near  Fort  Hall,  Idaho. 

Thlaspi  cochieariforme,  D.  C,  (T.  alpestre^  L.,  Watson  in  Clarence 
King's  Rep.,  vol.  v,  p.  31.) — ^Mountains  near  Ogden,  Utah  Territory,  ele- 
vation 9,000  feet,  June. 

Baphanus  sativtis^  L. — Plains  near  Ogden,  Utah  Territory,  June. 
Just  beginning  to  run  wild. 

VIOLAOEJS. 

« 

Viola  caniiuiy  L.,  var.  sylvestrisj  Regel. — Upper  Geyser  Basin,  Sep- 
tember. 

Viola  Canadermsy  L. — Union  Pa-NS,  Gallatin  River,  September. 

Viola  Nuttalliiy  Pursb. — Little  Cottonwood  Canon,  Utah  Territory, 
June;  Clark's  Fork,  Wyoming  Territory,  elevation  9,000  feet;  Trail 
Creek  Mountains,  September;  T^ton  Range,  elevation  10,000  feet,  July. 

Viola  Nuttalliij  Pursh.  var.  venosa.  S.  Watson.  (Clarence  King's  Rep., 
vol.  V,  p.  35.) — Mountains  near  Ogden,  Utah  Territory,  June. 

O^PPABIDACE^. 

Cleome  integrifoliaj  T.  &  G. — ^Great  Salt  Lake,  June. 
Cleoms  aurea,  Nutt. — Ogden  Canon,  Utah  Territory,  June;  Snake 
River  Valley,  July.    Very  abundant. 

OABTOPHTLLAOE^. 

Saponaria  vaccariay  L.,  {^Vaccaria  vulgariSj  Host.) — ^Near  Ogden,  Utah 
Territory,  June;  Fort  Blhs,  Montana,  July. 

8ilenea>cauliSy  L. — T^ton  Mountains,  elevation  12,000  feet,  July  29. 

Silene  Douglasiiy  Hook. — Yellowstone  Lake,  August. 

SiUne  Douglasiiy  Hook,  var.  (?)  (S.  Watson,  in  Clarence  King's  Rep., 
vd.  V,  p.  36.) — ^Fort  Ellis,  Montana  Territory. 

SUens  Menzieaii^  Hook. — Wooded  caiion  of  T6ton  River,  July. 

Lychnis  Drumfnondiiy  S.  Watson,  {Silene  Drummondii^  Hook.) — Upper 
Canon  of  the  Madison,  August ;  Yellowstone  Lake ;  Heart  Lake,  Sep- 
tember; Snake  River  Valley,  July. 

Ceraetium  nutanSj  Raf. — Gallatin  Canon,  Montana"  Territory,  Sep- 
tember. 

Cerastium  wilgaiumy  L.  var.  Behringianumy  Gray. — Mountains  near 
dark's  Fork,  Wyoming  Territory;  elevation  9,000  feet,  August. 
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Cerastium  arvense^  L. — Lower  Fire-Hole  Basin,  Au^st. 

Oerastium  arvensCj  L.  var. — Yellowstone  Lake,  Aagust. 

Stellaria  longipes^  Goldie. — Ogden  Gaiion,  Utah  Territory,  Jnne; 
Henry's  Fork  of  Snake  River,  July. 

Arenaria  congesta^  Nutt. — Shoshone  Lake,  September ;  T^ton  Basin, 
July ;  Snake  River  Valley,  August. 

Arenaria  pungem^  Nutt — T6ton  Mountains^  elevation  11,000  feet, 
July. 

Arenaria  verna,  L. — ^Trail  Creek  Mountains,  September;  T^ton  Moanl- 
ains,  elevation  12,000  feet. 

Arenaria  arctica^  Stev. — Red  Mountain ;  elevation  10,000  feet,  Sep- 
tember. 

Arenaria  lateriflora^  L. — ^Trail  River  Mountains,  September;  T6ton 
Mountains,  elevation  11,500  feet,  July;  Snake  River  Valley,  August. 

Sa^fina  Linnwi,  Prest. — Lower  Fire- Hole  Basin,  August. 

POBTULACACE-E. 

Talinum  pygmmum^  Gray. — Tower  Falls,  August ;  Red  Mountain ;  ele- 
vation 10,000  feet,  September. 

Claytonia  Caroliniana^  Michx.,  var.  lanceolata^  S.  Watson.  (0.  lanceo- 
lataj  Pursh.) — Mountains  near  Ogden,  Utah  Territory,  June;  Upper 
T^ton  Canon,  elevation  10,000  feet,  July. 

Claytonia  linearis,  Hook. — ^Mountains  along  Clark's  Fork,  elevation 
9,000  feet,  August. 

Claytonia  perfoliata,  Don. — Mountains  near  Ogden,  Utah  Territory, 
elevation  10,000  feet,  June.  A  quantity  of  good  specimens  were  col- 
lected, but  were  unaccountably  lost. 

Claytonia  ChamisfioniSj  Escb.  and  Ledeb. — Henry's  Lake,  Idaho  Terri- 
tory, August ;  Yellowstone  Lake;  Spray  flower  of  the  lower  falls  of  the 
Yellowstone,  August;  Snake  River  Valley,  July;  Little  Cottonwood 
Caiiou,  Utah  Territory,  June  21. 

Spraguea  umbellata,  Torr. — Tower  Falls,  August  2;  Upper  Geyser 
Basin  near  hot  springs. 

Lewisia  rediviva.  Ph. — Fort  Ellis,  Montana. 

HYPERIOAOE-E. 

Hypericum  Scoukrij  Hook. — Swamp  near  Ogden,  Utah  Territory,  June 
18 ;  Snake  River  Valley,  July. 

MALVAOE^. 

8idalcea  malvceflora,  Gray.  {Sidia,  D,  C.) — Ogden  Canon,  Utah  Terri- 
tory, June  15 ;  Malade  Valley,  Utah. 

Malva^strum  coccifieumy  Gray. — Near  Ogden,  Utah  Territory,  May  31. 

Malvastrum  Munroanum,  Gray. — Divide  between  Marsh  and  Malade 
Valleys,  June  29. 

Sphceralcea  merifolia^  Nutt. — Ogden  Canon,  Utah  Territory,  June; 
T6ton  Basin,  July ;  Jackson's  Lake,  September. 

Malva  rotundifolia,  L. — Near  Ogden,  Utah  Territory,* June ;  doubtless 
introduced. 

LINAOEiE. 

Idnum perenne,  L. — Ogden  Canon,  Utah  Territory,  Jnne;  T^ton  Mount- 
ains, elevation  10,000  ^t,  July;  Trail  Creek  Mountains,  September; 
near  Jackson's  Lake,  in  fruit. 
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Linum  Kingiij  Watson,  var.  setiloidcs,  Porter. — Uintah  Moantains, 
Wyoming  Territory,  Augast ;  Dr,  Joseph  Leidy. 

GERANTACEJB. 

Oeranium  Bichardsonii,  Fisch.  &  Mey. — Near  Ogden,  Utah  Territory, 
May ;  North  Fork  of  Snake  River,  July. 

Geranium  CaroUnianum,  L. — Near  Ogden,  Utah  Territory,  Jane. 

Geranium  Fremontiu  Torr.  var. — Two  forms,  probably  varieties  of  G. 
Freni(mtii^  were  found  near  Henry's  Lake,  Idaho. 

OBLASTRINE^. 

Ptichystimu  myrainiteSj  Baf.  ( Oreophila  myrtifolia^  Natt.) — Near  Ogden, 
Utah  Territory,  June. 

BHAMNAOEJS. 

Oeanothus  velutinusj  Dongl. — Mountains  near  Ogden,  Utah  Territory, 
June. 

SAPINDAGE^. 

Acer  glabrum^  Torr.  {A,  tripartitum,  Nutt.) — Near  Ogden,  Utah  Terri- 
tory, June  J  mountains  along  Clark's  Fork,  Wyoming  Territory,  eleva- 
tion 8,000  feet. 

ANACARDIACEiE. 

The  following  two  species  were  noted,  but  as  specimens  have  been 
brought  in  before,  and  they  are  unpleasant  subjects  to  handle,  they  "were 
not  collected. 

Rhtis  toxicodendron^  L. — Near  Ogden,  Utah  Territory,  June. 

Rhus  glabra^  L. — Near  Ogden,  Utah  Territory,  June;  Fort  Hall,  Idaho 
Territory,  July. 

LEGUMINOS-ffil. 

Lupintis  piisillus^  Pursh. — Blackfoot  River,  Idaho,  July  13. 

Lupinusparviflortis^^iitt, — ^Divide  between  Marsh  and  Malade  Valleys, 
June ;  T^ton  Basin,  July. 

Lupinus  sericem^  Pursh. — Ogden  Canon,  Utah  Territory,  June. 

Lupinus  cce»pifosus^  Nutt. — Henry's  Fork  of  Snake  River,  July. 

Lupinus  ornatus^  Dougl. — T6ton  Ba^in,  July ;  Henry's  Fork  of  Snake 
River,  August. 

Lupinm  polyphylluSj  Lindl. — Upper  T6ton  Canon,  July  28}  near 
Brigham  City,  Utah,  June. 

Lupinus  IcucophylluSj  Lindl. — Port  Neuf  Canon,  Idaho,  July  5  T6ton 
Basin,  August. 

Lupinus  laxijlorusy  Dougl. — ^Trail  Creek  Mountains,  September. 

Medicago  saliva,  L,— Near  Ogden,  Utah,  June;  Fort  Hall,  Idaho. 
Doubtless  escaped. 

TrifoTium  longipeSy  Nutt. — Plains  near  Ogden,  Utah,  June;  T^ton 
Basin,  July. 

TrifoUum  Farryi,  Gray. — ^Brigham  Canon,  Utah,  June.  "Ripe  legume 
stiped,  stii)e  elongated,  equaling  in  length  the  erect  teeth  of  the  calyx.'' 
Professor  Porter. 
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TrifoUum  variegatum^  Nuttr — Near  Ogden,  Utah,  Jane;  Little  Cotton- 
wood CauoD,  Utah,  Juue. 

TrifoUum  Haydenij  Porter.  (Hayden^s  report  for  1871.) — ^Moantains 
Dear  Henry's  Lake^  Idaho,  Anirust. 

Paaralea  la^weokUa^  Purab. — Plains  near  Ogden,  ITtah,  Jane. 

Astragaltts  Canadensis^  L. — Port  Neof  Canon,  Idaho,  Jaly. 

Astragalus  Canadensis^  L.  var.  MorUmi^  S.  Watson. — Port  Nenf  OaliOD, 
Idaho,  Jaly. 

Astragalus  hypoglottiSy  L. — Snake  Biver  Yalley,  Jaly ;  near  Fort  BDis, 
Montana,  July. 

Astragalus  UtaJiensiSy  T.  and  G.  (Gray's  Rev.  L  c,  213.) — Ogden,  Utah 
July. 

Astragalus  Oeyeri,  Gray. — Blackfoot  River,  Idaho,  July. 

Astragalus  UgetariuSj  S.  Watson. — Near  Fort  Ellis,  Montana,  July; 
Snake  River  Valle^"^,  August. 

Astragalus  campestrisj  Gray. — ^Near  Fort  Ellis,  Montana,  July;  T6ton 
Basin ;  mountains  near  Henry's  Lake,  Idaho,  August ;  Grand  Canon  of 
the  Yellowstone ;  Clark's  Fork,  Wyoming.  Very  variable  in  the  breadth 
of  the  leaves. 

,     Astragalus  junceuSj  Gray,  {A,  diversifoliusy  Gray.) — ^Near  Ogden,  Utah, 
June ;  Snake  River  Valley,  July. 

Astragalus  alpinus^  L. — Yellowstone  Lake,  August. 

Astragalus  pictus,  Gray. — Snake  River  Plains,  July.  Occars  in  great 
abnudance. 

Oxytropis  wrtwa,  Nutt. — In  fruit.    Henry's  Fork  of  Snake  River,  July. 

Oxytropis  Lamberti^  Pursh. — In  fruit.    Snake  River  Valley,  July. 

Olycyrrhiza  Irpidota^  Nutt. — Sand  Creek,  Idaho,  October. 

Hedysarum  Mackenzii^  Rich. — Near  Ogden,  Utah,  June. 

Hedysarum  boreale^  Nutt. — Bear  River,  Utah,  June;  Trail  Creek 
Mountains,  September;  T^ton  Mountains,  elevation,  10,000  feet,  July; 
Yellowstone  Lake,  August ;  remarkably  glabrous. 

Vicia  Americana^  Muhl. — Swamp  near  Ogden,  Utah,  June;  Divide 
between  Marsh  and  Malade  Valleys,  near  Brigham  City,  Utah. 

Lathyrus  polyphyllus,  Nutt. — Plains  near  Ogden,  Utah,  June. 

Lathyrus  palv^tris^  L. — Near  Ogden,  Utah,  May. 

Lathyrus  palustris^  L.,  Form. — Near  Blackfoot  River,  Idaho,  July. 

Lathyrus  palustriSy  L.,  var.  myrtifolius^  Gray. — Near  Ogden,  Utah, 
June.    The  specimen  was  collected,  but  unfortunately  lost. 

Fisum  arvense^  L.  Accidental.— Port  Neuf  Canon,  Idaho. 

Tliermopsis  fabacea^  D.  C. — Divide  between  Marsh  and  Malade  Val- 
leys, June. 

BOSAOEJB. 

Prunus  demissaj  Walp. — Divide  between  Marsh  and  Malade  VaJleys, 
June. 

Spircea  dumosa^  Nutt. —  {S,  ariasfolia^  var.  discolor j  T.  and  G.) — ^Twin 
Buttes,  on  Henry's  Fork  of  Snake  River,  July. 

Spircea  opMlifglia,  L. — Ogden  Cafion,  Utah,  June.         * 

Spiraea  opuUfoUa^  L.  var.  pauciflora^  Hook. — Mountains  near  Ogden, 
Utah,  June. 

'8pirma  betulwfolia^  Pallas. — T6ton  Mountains,  elevation  11,000  feet, 
July. 

Spirwa  betul^efoUa^  Pallas,  var.  rosea.  Gray. — Shoshone  Lake,  Septem- 
ber ;  mountains  near  Henry's  Lake,  Idaho,  August. 

Spircea  Millefolium^  Torr.    (P.  R.  R,  Rep.,  vol.  iv,  p.  83,  t  5.)    Snake 
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River  Valley,  Idaho,  John  M,  Coulter;  Ophir,  Southern  Utah,  U,  8. 
JBlaehwelL 

Eulms  Nuikanmj  Moc. — ^Ogdea  Oaoon,  Utah,  Jane }  T^ton  Moantains, 
elevation  10,000  feet,  July. 

Bubus  gtrigosusy  Michx. — Madison  Biver,  August;  Yellowstone  Lake; 
T^ton  Basin,  July. 

PurMa  tridentata^  D.  0. — ^Divide  between  Marsh  and  Malade  Valleys, 
June. 

Cerooearpus  ledifoliusy  Nutt.  ^'  Mountain  mahogany." — Mountains  near 
Ogden,  Utah,  June. 

Dr^das  octopetala,  L. — ^T^ton  Mountains,  elevation  12,000  feet,  July. 

Oeum  atfictumy  Ait. — ^Near  Fort  Ellis,  Montana,  July. 

Geum  maorophyllumy  Willd. — Divide  between  Marsh  and  Malade  Val- 
leys, June;  T^4x>n  River,  July. 

Oeum  triflorum^  Pnrsh.  —  Mountains  near  Henry's  Lake,  August; 
moantains  along  the  YeUowstoae,  elevation  d-10,000  feet ;  T^^  Basin, 
July. 

Fraga/ria  Virginiana^  Ehrh.-^Mountains  near  Henry's  Lake,  Idaho, 
August ;  T^ton  Basin,  July. 

l^agaria  ve8oay  L. — Ogden  Canon,  Utah^  June ;  T4ton  Basin,  July. 

Potentilla  Norvegioa,  L.,  a  form  approaching  P.  Hvularis* — ^From  Boss 
Fork  to  Fort  EUtll,  Idaho,  July. 

PoientillM  Sorvegioaj  L. — ^Malade  Valley,  Utah,  June  27. 

Potentilla  millegrana^  Engelm. — Port  Neuf  Canon,  Idaho,  July ;  foot- 
hills of  the  T^ton  Range,  August. 

PotewtiUa  diversi/oliay  Lehm. — ^Yellowstone  Lake,  August. 

Potentilla  diverstfoliay  Lehm.,  var.  multiseeiaj  S.  Watson.  (Clarence 
King's  Rep.,  vol.  v,  p.  86.) — ^T^ton  Mountaius,  elevation  11^500  feet, 
July. 

Potentilla  puleherrimaj  Lehm. — liiTear  Ogden,  Utah,  June. 

Potentilla  graciliSy  Dougl. — ^Divide  between  Marsh  and  Malade  Val- 
leys, Jane ;  Fort  Ellis,  Montana. 

Potentilla  ffra^dliSj  DougL,  Yai.  flabelltformiSi  I^utt.-«-Henry'8  Fork  of 
Snake  River,  July. 

Potentilla  Anserina^  L. — ^Near  Ogden,  Utah,  May. 

Potentilla  fruHcosa^  L. — Malade  Valley,  Utah,  June ;  Henry's  Lake, 
Idaho,  August;  Yellowstone  River,  elevation  6,400  feet;  T^ton  Basin, 
July. 

Potentilla  glandulosa^  L. — Upper  T^ton  Canon,  July ;  Henry's  Fork  of 
Snake  River,  August. 

Potentilla  arguta^  Pnrsh. — Divide  between  Marsh  and  Malade  Valleys, 
June. 

Ivesia  Oordoni,  T.  and  G. — Red  Mountain,  elevation  10,000  feet,  S^- 
tember ;  T6ton  Range,  elevation  10,000  feet,  July. 

Boga  hlanday  Ait. — Divide  between  Marsh  and  Malade  Valleys,  June ; 
Fall  River,  Idaho,  July. 

Boeafraxinifoliaj  Bork. — T^ton  River,  July  23.  Collected  in  fruit  but 
not  in  flower. 

CratcBgus  rivuiarisj  Nutt.  (!)  ( Watson,  in  Clarence  King's  Sep.,  vol.  v, 
p.  92.) — Ne^r  Ogden,  Utah,  June. 

OraUegus  sanguineaj  Pallas,  var.  Douglam^  T.  and  G. — Fort  Bllis^  Mon- 
tana, July. 

Amelanchier  Canadensis^  T.  and  G.,  var.  alnifolia^  T.  and  G. — ^Divide 
between  Marsh  and  Malade  Valleys,  June ;  T6ton  Mountains,  elevation 
10,000  feet,  July. 
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saxifbagageje:. 

Saxifraga  oppositi/olia^  L. — T^ton  MouutaiaB,  elevation  12,000  feet, 
July. 

Saxifraga  bronchialis,  L. — Mountains  near  Henry's  Lake,  Idaho,  Au- 
gust. 

Saxifraga  punctata^  L. — Yellowstone  River,  July  ;  Upper  T^ton  Canon. 

Saxifraga  nivalis^  L. — Mountains  near  Henry's  Lake,  Idaho,  Aagust ; 
Upper  T6tou  Canon,  July ;  Clark's  Fork,  Wyoming. 

Saxifraga  hieracifoliay  Waldst.  and  Kit. — T6ton  Basin,  July. 

Saxifraga  Jamesii,  Dougl. — ^Teton  Mountains,  elevation  11,000  feet, 
July. 

Tellima  parvifloraj  Hook. — T^ton  CaHon,  July. 

Tellima  tenella,  Bentli.  and  Hook. — Near  Ogden,  Utah,  June;  Teton 
Mountains,  elevation  10,000  feet,  July. 

Mitella  pentandra^  Hook. — Upper  T^ton  Canon,  July. 

Mitella  trifida^  Graham. — Upper  T6ton  Caiion,  July. 

Heuclhera  rubesceTiSj  Torr. — Near  Ogden,  Utah,  June. 

Heuichera  cylindrical  Dougl. — Hot  springs  along  the  Yellowstone,  ele- 
vation 6,200  feet,  September;  Grand  Canon  of  the  Yellowstone,  August ; 
Lower  Fire-Hole  Basin. 

Heuchera  parvifolia,  Nutt. — Ogden  Canon,  Utah,  June ;  divide  be- 
tween Marsh  and  Malade  Valleys ;  T^ton  Basin,  July.  A  very  dwarf 
form  was  found  at  Fort  Ellis,  Montana. 

Parnassiu  parvifloraj  D.  C. — Lower  Fire-Hole  Basin,  August. 

Parnassia  fimbriata^  Banks. — ^T6ton  Canon,  July;  spray  flower  of  the 
Great  Falls  of  the  Yellowstone,  August ;  headwaters  of  Snake  Kiver, 
September. 

Bihea  laxmatrcy  Poir. — Upper  Tdton  Canon,  July. 

BU>e8  lacmtrsj  Poir.,  var.,  an  Alpine  form,  (Watson,  in  Clarence 
Ejug's  Rep.,  vol.  V,  p.  99.)  {E,  setosum^  Dougl.)  T6ton  Mountains,  ele- 
vation 11,500  feet,  July. 

Bibes  viscosissimumj  Pursh. — Upper  T^ton  Canon,  July;  mountains 
near  Henry's  Lake,  Idaho,  August. 

Bibes  bra4}teo8umy  Dougl. — T^ton  Canon,  August. 

CEASSULACE^. 

Sedum  Bhodiola^  D.  C. — Mountains  near  Henry's  Lake,  Idaho,  August ; 
T^ton  Mountains,  elevation  12,000  feet,  July. 

Sedum  rhodanthum,  Gi^y. — Tower  Falls,  August ;  Upper  Falls  of  the 
Yellowstone. 

Sedum  atenopetalum^  Pursh. — ^Mountains  near  Ogden,  Utah,  June; 
Fire- Hole  River,  August. 

Sedum  debilCj  S.  Watson« — Mountains  near  Ogden,  Utah,  June. 

HALOBAaE^. 

Myriophyllum  vertidllatum^  L. — Henry's  Fork  of  Snak€  River,  August. 
Hippuris  vulgaris,  L. — Near  Ogden,  Utah,  June;  common  on  Henry's 
Fork  of  Snake  River,  July. 

ONAGBACEJE. 

Upilobium  augustifolium,  L. — Divide  between  Marsh  and  Malade  Val- 
leys, June. 
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JBpilobium  suffirutiojsum^  Nutt. — Moantains  near  Ogden,  Utah,  Jane. 

^pilohiiim  tetragonum,  L. — Near  Brigbam  City,  Utah,  Jane ;  T6ton 
Ga&on,  July  J  Snake  River  Valley,  Aagust. 

U^loMum panictUatum,  Natt. — Plains  near  Ogden, Utah,  June;  T6ton 
foot-hills,  Augast;  Snake  Biver  Valley,  July;  moantains  near  Henry's 
Lake,  Idaho. 

Zanschneria  Califomica^  Presl. — ^Mountains  near  Ogden,  Utah,  Jane. 

ClarJcia  rhombaidea^  Doagl. — Moantains  near  Ogden,  Utah,  June. 

Oayaphytum  ramosisHmumj  T.  and  G-. — Near  Ogden,  Utah,  Jane. 

Gayophytum  racemosum,  T.  and  G. — ^T6ton  foot-hills,  August. 

Gayophytum  diffusumy  T.  and  G. — ^T^ton  foot-hills,  August. 

(Enothera  biennis^  L. — Snake  River  Valley,  July. 

(Enothera  aWicauliSy  Kutt. — ^Near  Ogden,  Utah,  June. 

(Enothera  aUncauliSj  Nutt.,  var.  Nuttalliiy  Engelm. — Divide  between 
Marsh  and  Malade  Valleys,  June  29 ;  Yellowstone  River,  August. 

(Enothera  triloba^  Nutt. — ^Ogden  Oanon,  Utah,  June  15 ;  Port  Neuf 
Ca&on,  Idaho,  July  2;  Henry's  Fork  of  Snake  River,  July  18;  Yellow- 
stone Lake,  August  23. 

(Enothera  marginatay  Nutt. — ^Port  ISTeuf  Valley,  Idaho,  July  1. 

(Enothera  marginatay  Nutt.,  var.  purpureaj  S.  Wat«on. — ^Hot  springs 
along  the  Yellowstone,  elevation  6,700  feet,  September  29. 

(Enothera  scapoidea^  Nutt. — Snake  River  Valley,  July  16. 

(Enothera  heterantha,  Nutt. — T6ton  Basin,  July  11. 

(Enothera  Andina^  Nutt. — Twin  Buttes  on  Henry's  Fork  of  Snake 
River,  Idaho,  July  16. 

Ocmra  biennis,  L. — ^Port  Neuf  Oanon,  Idaho,  July  1. 

Gaura  parviflora,  Dougl. — Port  Neuf  Oanon,  Id  iho,  July  2  j  Snake 
Biver  Valley,  July  19. 

Gaura  ooccineay  Nutt. — Between  Boteler's  Ranch  and  Fort  Ellis,  Mon- 
tana, July  21. 

LTTHRACE-ffi. 

Lythrum  alatuniy  Pursh. — ^Mountains  near  Henry's  Lake,  Idaho,  Au- 
gust 9. 

L0A6A0KS. 

Mentzelia  albicauliSy  Dougl.,  var.  integrifoliaj  S.  Watson. — Port  Neuf 
Canon,  Idaho,  July  2. 

Mentzelia  IcBvicauliSy  T.  and  G.^— Mountains  along  the  Yellowstone ; 
Twin  Buttes  on  Henry's  Fork  of  Snake  River,  July  25. 

TJMBELLIFEB^. 

Bupleurum  rannncuHoideSy  L. — ^Henry's  Lake,  Idaho,  August  9;  a 
taller  form  from  Union  Pass,  Gallatin  River,  September  12.  (See  cata- 
logue in  Hayden's  Rep.  for  1871.) 

Cicuta  VMLcuUday  L. — ^Port  Neuf  Canon,  Idaho,  July  2;  Snake  River 
VaUey. 

Carum  Gairdneriy  Benth.  and  Hook. — ^T6ton  River,  July ;  Snake  River 
Plains,  August ;  Fall  River,  Idaho,  July  19.  A  common  article  of  food 
among  the  Indians  of  Idaho  and  Wyoming,  who  call  it  '^  yamp."  It  is 
very  palatable  and  nutritious,  having  somewhat  the  flavor  of  carrot 

Sium  augtutifoliuMy  L. — Malade  Valley,  Utah,  June. 

Stum  linearey  Michx. — Port  Neuf  Canon,  Idaho,  July. 
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Osmorrhiaa  nnda,  Ton*. — TSesa  OgdeD^  Utah,  Jane;  TTpp^  T6lofi 
OafioD,  July. 

Myrrhis  occidentalism  Benth.  and  Hook. — Snake  Biver  Valley,  July. 

Oymopterus  fimiculaoeusy  'Suit. — ^Monntains  near  Ogden,  Utah,  eleva- 
tion 10,000  feet,  June. 

Cymapterus  Vongipes^  S.  Watson. — ^Near  Ogden,  Utah,  May  to  Jane^ 
1871. 

Thatpium  trifoUatum^  Gray. — ^Union  Pass,  Gallatin  Biver,  September. 

Angelica  Brewerij  Gray. — Swamps  in  Snake  Biver  Valley,  JiUy. 

Canioaelinum  Canadensej  T.  and  G. — Upper  T^ton  Cwon,  Jaly. 

Peucedanum  simplexy  Natt. — Mountains  near  Ogden,  Utah,  elevation 
9,000  feet,  June. 

Ferula  multifida^  Gray,  {Leptotamia^  Nutt.) — ^Ogden  Canon,  Utah,  June. 

Seraeleum  Uinatumy  Miohx. — Upper  T^ton  Canon,  July. 

Camus  Canadensis^  L. — ^Madison  Biver  Cafion,  August 
Camus  pubescensy  Nutt. — Swamps  on  T^ton  Biver,  July. 

GAPRIFOLIAGEJS. 

IdnncBa  borealisj  Gronov. — ^Lower  Fire-Hole  Basin,  August;  Ydlow- 
stone  Biver;  Gibbon's  Fork  of  Madison  Biver. 

Sympharicarpus  mantanusy  H.  B.  EL — Ogden  Canon,  Utah,  Jane;  Yel- 
lowstone Biver,  August;  Snake  Biver  Valley,  July ;  T6ton  Canon. 

Sympharicarpus  occidentaliSy  B.  Br. — Snake  Biver  Valley,  July. 

£onicera  involucratay  Banks. — Ogden  Canon,  Utah,  June;  Tower 
Falls ;  Tdton  Mountains,  elevation  10,000  feet,  July. 

Lonicera  Utaliensis,  S.  Watson. — Upper  T6ton  Canon,  July. 

8ambtu)tis  racemosay  L.,  var.  p%ihensy  S.  Watson,  (S.  pubensy  Miehx.) — 
Little  Cottonwood  Canon,  Utah,  June ;  Upper  T6ton  Canon,  July. 

Sambucfus  glaucay  Kutt. — ^Near  Ogden,  Utah,  June. 

BUBLA.GE2B:. 

Galium  AparinCy  L. — Ogden  Canon,  Utah  Territory,  June;  along  the 
Yellowstone,  elevation  6,400  feet. 

Oalium  multiflorumy  Kellogg,  (&.  hypotrichiumy  Gray.) — ^I^ear  Ogden, 
Utah,  June. 

Oalium  trifidumy  L. — Henry's  Fork  of  Snake  Biver,  August. 

Oalium  borealcy  L. — ^Divide  between  Marsh  and  Malade  Valleys,  June; 
Henry's  Fork  of  Snake  Biver,  July. 

YALEBIANAGEJS. 

Valeriana  diaicay  L.,  var.  sylvatieoy  S.  Watson. — ^Near  Ogden,  Utah, 
June:  Bed  Mountain,  elevation  9,000  feet,  September. 

Valeriana  eduliSy  Nutt. — ^T^ton  Mountains,  elevatibn,  11,500  feet; 
July ;  near  Henry's  Lake,  Idaho,  August. 

Plectritis  congestay  D.  C. — Plains  near  Ogden,  Utah  Territory,  June. 

OOMPOSITJB. 

Uupa^tprium  purpureumy  L. — Snake  Biver  Valley,  July. 
Aster  integrifaliusy  Nutt. — ^T^ton  Basin,  August;-  Henry'a  Fork  of 
Snake  Biver;  Upper  Canon  of  the  Madison. 
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AHer  adscendenSy  Liudl. — Upper  Geyser  Basiu,  Au<?ust. 

Aster  ad^cendens,  Liudl.,  var.  Parryij  S.  Watson. — Teuton  Basin,  Jul j' ; 
Trail  Ci*eek  Moantains,  September. 

Aster  muUiflarus^  Ait. — Shoshone  Lake,  September. 

Aster  glacialisj  Nutt. — Trail  Creek  Mountains,  September;  T6ton 
Mountains,  elevation  11,000  feet,  July. 

Aster  pul^hellus,  D.  0.  Eaton.— T6ton  Mountains,  elevation  12,000 
feet,  July. 

Aster  salsuginosuSj  Eich. — ^T^ton  Mountains,  elevation  12,000  feet, 
July. 

Aster  salsxtgiriosuSy  Eich.,  var.  B.,  T.  and  G. — Upper  T6ton  Gaiiou, 
July. 

Aster  Haydeniy  Porter,  (Hayden's  Eeport  for  1871.) — Shoshone  Lake, 
September. 

Aster  Sayi,  Nutt,  (Gray  in  Proc.  Am.  Acad.,  May,  1872,  p.  389^  Hall's 
Oregon  Coll.,  246.) — T6ton  Eange,  elevation  10,000  feet,  July.  * 

Aster  ekgamy  T.  and  G. — Fall  Eiver,  Idaho,  July ;  T^ton  Mountains, 
elevation  10,000  feet. 

Aster  Engelnuinni^  Gray,  (A.  elegans^  var.  Engelmannij  D.  0.  Eaton.) — 
Madison  Eiver  Caiion,  August;  T6ton  Eange,  elevation  10,000  feet, 
July. 

Toicnsendia  scapigera^  D.  C.  Eaton. — Union  Pass,  Gallatin  Eiver, 
July  J  Triton  Mountains,  elevation  10,000  feet. 

Townsendia  strigosa^  Nutt. — Snake  Eiver  Valley,  Idaho,  July. 

Tmcnsendia  grandiflora^  Nutt. — From  Boteler's  Eanch  to  the  Yellow- 
stone, July. 

MachcBranthera  canescetis,  Nutt. — Madison  Caiion,  August;  T^ton 
Basin,  July.    Several  forms  were  found. 

JEr%gerongrandiJlortimjB.ook. — ^T6ton  Mountains,  elevation  10,000  feet, 
July.    A  very  dwarf  form  was  found  at  Shoshone  Lake,  September. 

JErigeron  acre^  L. — Mountains  along  Clark's  Fork,  Wyoming,  elevation 
9.000  feet,  August. 

'  Erigeron  Bellidiastrxim^  Nutt. — Near  Ogden,  Utah,  June;  Boss  Fork 
to  Fort  Hall,  Idaho,  July ;  Snake  Eiver  Valley. 

Erigeron  maoranthumy  Nutt — Wooded  Caiion  of  T^ton  Eiver,  July. 
Very  variable  in  size. 

Erigeron  glabelluMy  Nutt. — Near  Ogden,  Utah,  June;  T6ton  Basin, 
July  ;  Upper  T6ton  Caiion. 

Erigeron  corymhosuniy  Nutt — Divide  between  Marsh  and  Malade  Val- 
leys, June ;  Lower  Fire- Hole  Basin,  August. 

Erigeron  fiUfolinmy  Nutt. — Henry's  Lake,  Idaho,  August ;  from  Eoss 
Fork  to  Fort  Hall,  Idaho,  July. 

Solidago  Virga-aurea^  L. — T6ton  foot-hills,  August. 

Solidago  Virga-aurea,  L.,  var.  multiradiataj  T.  audG. — Mountains  near 
Henry's  Lake,  Idaho,  August;  Yellowstone  Lake. 

Solidago  Virga-aureaj  L.,  var.  Alpine  form,  554  of  Watson's  collection. 
(Clarence  King's  Eep.,  vol.  v,  p.  154.) — Eed  Mountain,  elevation  10,000 
feet,  September. 

Solidago  GuiradoniSy  Gray,  var.  spectabiliSj  S.  Wat^n.  (Clarence 
King's  Kep.,  vol.  v,  p.  154.) — T^ton  Basin,  August. 

Solidago  yieinoralis,  T.  and  G. — Headwaters  of  Madison  Eiver,  Sep- 
tember. 

Solidago  elongatUj  Nutt. — T^ton  foot-hills,  August. 

Solidago  gigantea.  Ait. — ^T(iton  foot-hills,  August ;  Yellowstone  Lake; 
Henry's  Fork  of  Snake  Eiver. 
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Solidago  gigantea^  Ait. — A  form,  562  of  Watson's  collection.  (Clarence 
KiDg'.s  Rep.,  vol.  V,  p.  156.) — Port  Neuf  Canon,  Idaho,  Jnly. 

Linosyris  graveoletiSy  T.  and  G. — Lower  Fire-Hole  Basin,  AagasL 

Linosyria  viscidiflora^  T.  and  G. — Near  Brigham  City,  Utah,  June. 

Linosyris  viscidiflora,  T.  and  G.,  var.  serrulata^  Torr.  (Stansb.  Bep., 
Ed.  2,  p.  389.) — Near  Bringham  City,  Utah,  Jane. 

TAnosyris  viscidiflora^  T.  and  G.,  var.  lafifoliaj  D.  C.  Eaton. — Leaves 
from  2-3'  long.    Mountains  along  Malade  Valley,  Idaho. 

Linosyris  visddiflora^  T.  and  G.,  var.  pyberula,  D.  C.  Eaton. — ^FaR 
River,  Idaho,  July. 

Linosyris  viscidiflora^  T.  and  G.  "  A  form  8  flowered,''  Professor  Por- 
ter.— Twin  Buttes  on  Henry's  Fork  of  Snake  River,  July. 

Aphpapptis  suffrutieosus^  'Gray.  {Macronema  suffiruticosa^  Nutt.) 
(Proc.  Am.  Acad.,  6,  542.) — Snake  River  Valley,  July. 

AplopapptLS  Iwnceolatus^  T.  and  G. — Around  the  hot  springs  in  both 
geyser  basins,  August. 

Aplopappus  acaulis,  Gra^^. — Mountains  near  Henry's  Lake,  Idaho  Ter- 
ritory, August. 

Aplopappus  Nuttalliij  T.  and  G. — Near  Fort  Bridger,  Wyoming,  August, 
Dr.  Joseph  Leidy. 

Aplopappus  uniflorusj  T.  and  G.  A  form  with  the  radical  leaves  en- 
tire or  nearly  so.    Henry's  Lake,  Idaho,  August  8. 

Orindelia  squarrosa,  Don. — Port  Neuf  Valley,  Idaho,  July  1. 

Chrysopsis  villosa^  Nutt. — Henry's  Fork  of  Snake  River,  July  18 ; 
around  the  hot  springs  of  Lower  Fire-Hole  Basin,  August  13.  Very 
variable. 

Chrysopsis  villosaj  Nutt,  var.  hispida^  Gray. — ^Madison  Lake,  Septem- 
ber 4. 

.    Iva  a^llarisj  Pursh Malade  Valley,  June ;  abundant  in  Snake  River 

Valley,  July  26 ;  near  hot  springs  along  the  Yellowstone,  August. 

Wyethia  amplexicauliSj  Nutt. — Malade  Valley,  Utah,  June  27. 

Balsamorrhiza  sagittatay  Nutt. — From  Ross  Fork  to  Fort  Hall,  Idaho, 
July  3. 

RudbeeJcia  occidentalism  Nutt. — Ogden  Canon,  Utah,  June  15 ;  T^ton 
Mountains,  elevation  10,000  feet,  July  24 ;  Snake  River  Plains,  August 

Heli<inthus  lentioulariSj  Dougl. — Malade  Valley,  Utah,  June  27;  Snake 
River  Valley,  July. 

Relianth'us  Nuitallii^  T.  and  G. — Lower  Fire-Hole  Basin,  August  29. 

HeUanthus  petiolaris^  Nutt. — Weber  River,  Utah,  June  19. 

HeUantliella  multi<}aulis,  D.  C.  Eaton. — Fall  River,  Idaho,  July  19. 

Helianthella  uniflora,  T.  and  G. — Upper  T^ton  Canon,  July  26. 

Heliomeris  multiflora^  Nutt. — T6ton  River,  Idaho,  July  23. 

Chwnactis  Douglasii^  Hook,  and  Arn. — Ogden  Canon,  Utah,  June  15; 
Fire-Hole  River,  August;  Gardiner's  River,  Montana;  Snake  River, 
Idaho. 

Glioma^itis  Dougla^ii^  Hook,  and  Am. — Alpine  form,  mountains  near 
Henry's  Lake,  Idaho,  August  9;  Lower  Fire- Hole  Basin. 

Bciiiia  leucophyllaj  D.  C. — Henry's  Fork  of  Snake  River,  July  18; 
T6ton  Basin,  July  21. 

Actinella  grandifloraj  T.  and  G. — ^T6ton  Mountains,  elevation  12,000 
feet,  July  30. 

Layia  glandulosa^  Hook,  and  Arn. — Twin  Buttes  on  Henry's  Fork  of 
Snake  River,  July  16. 

Layia  heterotrixaha^  Hook,  and  Am. — Near  Ogden,  Utah,  June  5. 

Madia  racemosa,  T.  and  G. — Ogden  Canon,  Utah,  June  15. 

Amida  hirsut^y  Nutt^-T^ton  Mountains,  elevation  10,000  feet,  July  24, 
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Achillea  Millefolium^  L. — Near  Ogden,  Utah,  May  30;  very  abandant 
everywhere  on  the  route. 

Matricaria  discoidea^  D.  C. — Great  Salt  Lake,  June  17. 

Artemisia  dracunculoideSj  Pursh. — Snake  River  Valley,  October;  Yel- 
lowstone Eiver,  August  23. 

Artemisia  tridentata^  Nutt. — Yellowstone  Lake,  August  23;  Snake 
River  Valley,  July.    The  common  form  all  over  the  West. 

Artemisia  discolor,  Dougl. — Snake  River  Valley,  October;  Lower 
Fire>fiole  Basin,  August. 

Artemisia  Ludoviciana^  Nutt. — Weber  River,  Utah,  June. 

Artemisia  Ludovidana,  Nutt.,  var.  Douglasiana,  D.  C.  Eaton.  (A. 
Bouglasianaj  T.  and  G.) — Yellowstone  Lake,  August;  Market  Lake, 
Idaho,  July. 

Artemisia  Ludovieiana,  Nutt.,  var.  latifolia^  T.  and  G. — ^Yellowstone 
Lake,  August  5 ;  Port  Neuf  Canon,  Idaho,  July. 

Artemisia  carta,  Pursh. — ^Yellowstone  Lake,  August. 

Artemisia  frigida^  Nutt. — ^Near  Fort  Bridger,  Wyoming,  August,  Dr, 
Joseph  Leidy. 

Ghkaphalium  luteoalbum,  L.,  var.  Sprengelii,  D.  C.  Eaton. — White 
Mountain  Hot  Springs,  Montana,  elevation  6,400  feet,  July;  Geyser 
Basin  on  Shoshone  Lake,  September. 

Onaphalium  palustre,  Nutt. — Great  Salt  Lake,  June. 

Chnaphalium  microcephalum,  N  utt. — Shoshone  Lake,  September. 

Antennaria  margarita^sea,  R.  Br. — Henry's  Lake,  Idaho,  August  8. 

Antennaria  Carpathica,  R.  Br. — Shoshone  Lake,  September  6. 

Antennaria  Carpathica,  R.  Br.,  \2bV,pulcherrima,  Hook. — Henry's  Lake, 
Idaho,  August  8 ;  Lower  Fire- Hole  Basin,  September ;  T6ton  Basin, 
July  21. 

Antennaria  aJpina,  Gsertn. — Ogden  Canon,  Utah,  June  15 ;  Fort  Hall, 
Idaho,  July ;  Upper  Geyser  Basin,  August. 

Antennaria  dioica,  Gaertn. — Yellowstone  River,  August  22 ;  Snake 
River  Valley,  July  30. 

Antenn^iria  dioica,  Gflertn.,  var.  rosea,  D.  C.  Eaton. — T6ton  Basin,  July 
21. 

Antennaria  raeemosa,  Hook. — Mountains  near  Henry's  Lake,  Idaho, 
August  9. 

Arnica  longifolia,  D.  C.  Eaton. — Grand  Canon  of  the  Yellowstone, 
August  22. 

Arnica  augiistifolia,  Vahl. — ^Divide  between  Marsh  and  Malade  Valleys, 
June  29. 

Arnica  Vhamissonis,  Less. — Divide  between  Marsh  and  Malade  Val- 
leys, June  29 ;  swamps  along  Henry's  Pork  of  Snake  River,  August. 

Arnica  latifolia,  Bongard. — ^T6ton  Mountains,  elevation  10,000  feet, 
July. 

Arnica  cordifolia,  Hook. — Ogden  Canon,  Utah,  June;  T6ton  Basin, 
July;  Trail  River  Mountains,  September.  * 

JSenecio  lugens,  Richards. — ^T6ton  Mountains,  elevation  10,000  feet, 
July;  Yellowstone  Lake,  August. 

Senecio  lugens,  Richards,  var.  Hooheri,  D.  C.  Eaton. — Mountains  near 
Henry's  Lake,  Idaho,  August 

Senecio  lugens,  Richards,  var.  exaltatus,  D.  C.  Eaton. — Lower  Fire- 
Hole  Basin.  August;  Mountains  near  Ogden,  Utah,  June. 

Senecio  hydrophilus,  Nutt. — Henry's  Lake,  Idaho,  August. 

Senecio  triangularis.  Hook. — Henry's  Pork  of  Snake  river,  August; 
Yellowstone  Lake;  Red  Mountain,  elevation  10,000  feet,  September; 
T^ton  River. 
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Senedo  Sierra,  Hook.,  (Watson,  in  Clarence  King^sBep.,  voL  v,  p.  189, 
under  8,  Andinm,) — Teton  Moantains,  elevation  10,000  feet,  July. 

Senecio  AndinuSy  Nutt. — Divide  between  Marsh  and  Malade  Valleys, 
June;  Shoshone  Lake,  September. 

Senedo  aureus^  L. — Ogden  Canon,  Utah,  June;  Teton  Basin,  July. 

Senedo  aureus,  L.,  var.  obovatusy  T.  and  G.-r-Di  vide  between  Marsh  and 
Malade  Valleys,  June. 

Senedo  aureusy  L.,  var.  croceus,  Gray. — Yellowstone  Lake,  August 

Senedo  canm^  Hook. — Around  hot  springs  in  Lower  Fire- Hole  Basin, 
August.    The  form  with  entire  leaves. 

Senedo  Fendleri,  Gray.  (PL  Fendl.,  p.  108.) — Malade  Valley,  Idaho, 
June.    With  uncommonly  long  petioles. 

Senedo  multilobatusj  T.  and  G. — Near  Ogden,  Utah,  June. 

Senedo  suhnudusy  D.  C. — ^Lower  Fire-Hole  Basin,  near  hot  springs, 
August. 

Tetradymia  canescens^  D.  C. — Snake  Biver  Plains,  July. 

Several  species  of  Cirdum  were  collected,  probably  C.  foliosumj  C. 
Drummondii,  and  some  others,  but  the  material  was  too  meager  for  a 
satisfactory  determination  of  these  mixed  species. 

Stcphanomeria  minor  ^  Nutt.,(including  iS.rwncina  to,  Nutt.) — Near  Brig- 
ham  City,  Utah,  June;  Fort  Hall,  Idaho,  July  3  a  slender,  uubranch^ 
iorm. 

Stephanomeria  exigua,  Nutt. — Snake  Biver  Valley,  July. 

Hieradum  Scouleriy  Hook. — Snake  Biver  Valley,  Idaho,  July;  Malade 
Valley,  June. 

Hieradum  albiflorttvi.  Hook. — Upper  Caiion  of  the  Madison,  August 
A  small,  single-liowered,  alpine  form  w  as  found  on  the  hills  around  the 
Upper  Geyser  Basin. 

Lygodesmia  juncea,  Don.,  var.  dianikopsiSy  D.  C.  Baton*  (Clarence 
King's  Bep.,  vol.  v,  p.  200.) — Ogden  Caiion,  Utah,  June;  near  Greiit  Salt 
Lake. 

Malacothrix  sonchoides,  T.  and  G. — ^Twin  Buttes  on  Henry's  Fork  of 
Snake  Biver,  July;  Port  Neuf  Cafion,  Idaho. 

Crepis  Andersonii^  Gray. — Lower  Fire-Hole  Basin,  August 

Crepis  ocddentalisy  Nutt — Marsh  Valley,  June;  Fire- Hole  Biver, 
August 

Crepvt  occidentalism  Nutt,  var.  gradlis,  D.  C.  Eaton. — Mountains  near 
Henry's  Lake,  Idaho,  August. 

Crepis  acuminata,  Nutt — ^Plains  near  Ogden,  Utah,  June;  T^ton  Basin, 
July ;  Bear  Biver  Valley. 

Crepis  nana,  Bichards.  (Fl.  N.  Am.  2,  p.  488.) — ^T^ton  Mountains, 
elevation  12,000  feet,  July.  ^ 

Macrorrhyncus  gJaucus,  D.  C.  Eaton,  var.  laciniatuSy  D.  C.  Eaton. — 
Snake  Biver  Plains,  July. 

Macrorrhyncu>s  troximoideSy  T.  and  G. — Swamp  near  Ogden,  Utah, 
June ;  Henry's  Fork  of  Snake  Biver,  July ;  Bed  Mountain,  elevation 
10,000  feet,  September. 

Taraxacum  DensleoniSy  Desf. — Ogden  Caiion,  Utah,  June.  Collected 
in  abundance,  but  lost 

Mulgedixim  pulchellumy  Nutt — Port  Neuf  Caiion,  Idaho,  July. 

Muhgedium  leucophwumy  D.  C. — Gallatin  Caiion,  September. 

Sonchus  asper,  Vill. — Ogden  Caiion,  Utah,  June.  Collected  with  sev- 
eral other  specimens  and  lost. 

Gaillardia  aristatUj  Pursh, — Union  Pass,  Gatlatin  Biver,  Montana, 
Sei)tember. 
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LOBBLIACE^. 

Porterella  camulosaj  Torr.  (See  Cat.  Hayden's  Rep.  for  1871.) — 
Swamp  on  Henry's  Fork  of  Snake  Biver,  Aagast. 

GAMPANULAGKS. 

Campanula  rotundifolia^  L. — Elevated  plateau^  Montana )  Snake  Elver 
Valley,  July. 

Campanula  rotundi/olia^  L,  var.  linifolm^  Gray. — Mountains  along  the 
Yellowstone,  elevation  6,000  feet ;  T6ton  Basin,  July. 

Specularia  perfoliataj  A.  D.  C. — Hot  springs  ten  miles  from  Ogden, 
TJt^^  June. 

ft 

EBICAOE^. 

Vaceiniutn  uliginosuniy  L. — Henry's  Fork  of  Snake  River,  August; 
Shoshone  Lake,  September. 

Vaceinium  myrtilloideSy  Hook. — Henry's  Lake,  Idaho,  August. 

Vaccinium  myrtilloides,  Hook.,  var.  macrophyllumj  Gray. — Upper  T6ton 
Canon,  July. 

Vaceinium  Myrtillus^  L. — Yellowstone  Lake,  August. 

Viteoinium  ovali/olium,  Smith. — Upper  T6ton  Canon,  July. 

Arcto8taphylo8  ITva-UrsijSpreng, — Yellowstone  River,  August;  Lower 
Fire-Hole  Basin,  July.    The  "  Kiunikinnick"  of  the  Indians. 

Kalmia  glauca^  Ait. — Shoshone  Lake,  September,  growing  on  gey- 
serite. 

Kalmia  glauca^  Ait.,  var.  microphylla^  Hook. — Mountains  along  Clark's 
Fork,  Wyoming;  elevation  9,000  feet;  August.  A  small  alpine  form 
was  found  upon  the  Rocky  Mountain  divide,  near  Shoshone  Lake,  Sep- 
tember. 

Bryanthus  empetrifomiis^  Gray.  (Proc.  Am.  Acad.,  vol.  vii,  p.  367.) — 
T^ton  Mountains ;  elevation  12,000  feet,  July ;  Rocky  Mountain  divide, 
near  Shoshone  Lake,  September. 

Ledum  glandulosum^  Nutt. — Tower  Falls,  August;  Shoshone  Lake, 
September. 

Pyrola  rotundifolia^  L.,  var.  ineariiata^  Gray. — T^ton  Canon,  July. 

^rola  chloranthay  Swartz. — Upper  T6ton  Canon,  July;  Fall  River, 
Idaho,  August. 

Pyrola  secunda^  L. — Fire-Hole  River,  August ;  Upper  T^ton  Canon, 
July. 

Pyrola  aphylla^  Smith.  (Pacific  Railroad  Rep.,  vol.  vi,  p.  80  of  the 
Hot.) — Henry's  Lake,  Idaho,  August. 

Pyrola  pictay  Hook. — Fall  River,  Idaho,  August. 

Moneses  unijlora^  Gray. — Upper  T6ton  Canon,  July. 

Chimaphila  umbellata^  Nutt. — Eastern  canons  of  the  T^ton  Range, 
September. 

Monotropa  HypopitySy  L. — ^Red  Mountain ;  elevation  10,000  feet,  Sep- 
tember; Ix)wer  Fire- Hole  Basin,  August 

Pterospora  Andromedsa^  Nutt. — Jackson's  Lake,  September.  Speci- 
mens were  found  at  this  locality  four  feet  high ;  along  the  Yellowstone. 

PLANTAGINACEJE. 

Plantago  major,  L. — Weber  River,  Utah,  June.    Doubtless  introduced. 
Plantugo  Pat^gonica,  Jacq.,  var.  gnapJudioideSj  Gray. — Near  Ogden, 
Utah,  June ;  Snake  River  Valley,  very  abundant. 
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Plantago  Patagonica,  Jacq.,  var,  aristaia^  Gray.  —  Henry's  Fork  of 
Snake  River,  July. 

PBDmLACKs:. 

A7idro9(iee  septentrianaliSj  L.  Alpine  form,  753  of  Wateon. — ^Trail 
River  Mountains,  September ;  T6ton  Mountains;  elevation  10,000  feet, 
July. 

Dodecatheon  Meadia^  L. — ^Ogden  Canon,  UtAh,  June. 

Dodeeatheon  Meadiaj  L.  Alpine  form  of  S.  Watson,  756, 2-8'  high.— 
tipper  T^ton  Ga£Lon ;  elevation  10,000  feet,  July ;  mountains  along 
Clark's  Fork,  Wyoming ;  elevation  9,000  feet. 

Lyainuiohiaciliata,  L.— Swamp  near  Ogden,  Utah,  June;  Twin  Buttes, 
on  Henry's  Fork  of  Snake  River,  July.  • 

Olaux  maritiniaj  L. — Malade  Valley,  Utah,  June. 

LENTIBULAGE^. 

[Ttricularia  vulgaris^  L.,  var.  Amerioanay  Gray. — Henry's  Fork  of  Snake 
River,  August  5. 

OBOBA^GHAGE^. 

Fhelipcea  erianthera,  Engelm.  (Orobanche  multiflora^  Nutt.) — Snake 
River  Valley,  Idaho,  July ;  "  The  *Too-whoo'  of  the  Pah-Utes,  by  whom 
it  is  eaten." — Watson. 

Aphyllon  uniflorunij  T.  and  G. — ^Mountains  near  Ogden,  Utah,  Jaiie 
13 ;  T6ton  Canon,  July  16. 

Aphyllon  fasciculatum,  T.  and  G. — Snake  River  Valley,  Idaho,  July 
17 ;  from  Boteler's  Ranch  to  the  Yellowstone,  July  23. 

SCBOPHULABIAOEJE. 

Serophularia  nodosa^  L. — Near  Ogden,  Utah,  June  5.  Abundant  .every- 
where near  settlements. 

Collimia  parviflora^  Dougl. — Plains  near  Ogden,  Utah,  June  5 ;  T^ton 
Caiion,  July  24;  Yellowstone  Lake,  August  23. 

Pentstemon  Menzie»iij  Hook.,  var.  DougUisiiy  Gray.  (P.  Douglasii^ 
Hook.) — Trail  Creek  Mountains,  September;  Clark's  Fork,  Wyoming. 

Pentste^non  Menzi^siij  Hook.,  var.  Letciaii,  Gr. — Henry's  Lake,  Idaho, 
and  T6tou  Mountains. 

Pentstemon  glaber^  Pursh. — ^N"ear  Ogden,  Utah,  June^  Fall  River, 
Idaho,  July. 

Pentstemon  cyananthuSj  Hook. — Mountains  near  Ogden,  Utah,  elevation 
9,000  feet,  June. 

Pentstemon  acuminatus^  Dougl. — From  Ross  Fork  to  Fort  HaJl,  Idaho, 
July. 

Pentstemon  cristatm^  iNutt. — Mystic  Lake,  near  Fort  Ellis,  Montana, 
July. 

Pentstemon  humiliSj  Nutt. — Mountains  near  Ogden,  Utah,  June. 

Pentstemon  glaucus^  Grab. — Upper  T^tqn  Canon,  July. 

Pentstemon  glauetts^Greih.,  war.  stenosepalusy  Gray. — Along  the  Yellow- 
stone, elevation  6,700  feet,  July. 

Pentstemon  confertus,  Dougl. — T6ton  Basin,  July. 

Pentstemon  confertus^  Dougl.,  var.  eceruleo-putyurenSj  Gray. — Mountains 
along  the  Yellowstone,  elevation  7,000  feet,  September ;  Yellowstone 
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Lake ;  Snake  Eiver  Valley,  July  5  Fall  Eiver,  Idaho.  A  very  dwarf 
form  was  found  on  the  mountains  near  Ogden,  CTtah. 

Pentstenion  deustus^  Dougl. — Henry's  Fork  of  8nake  River,  July. 

Pentstemon  JheterophyUuSj  Lindl.,  var.  latifolius^  8.  Watson.  (Clarence 
King's  Rep.,  vol.  v,  p.  222.) — Near  Ogden,  Utah,  June. 

Mimulus  Leiciaiij  Pursh. — Near  Ogden,  Utah,  June;  Upper  T6ton 
Gallon,  July;  Yellowstone  Lake,  August;  Trail  Creek  Mountains,  Sep- 
tember. 

MimuliLS  luteuSy  L. — ^Near  Ogden,  Utah,  June.  This  species  is  found 
everywhere  in  the  West  in  the  greatest  abundance  and  variety  of  form 
and  size. 

Minudtis  lutetiSj  L.  Depauperate  form,  790  of  Watson. — ^Near  Salt 
Lake  City,  Utah,  June. 

Mimulus  fioribunduSj  Dougl. — Foot-hills  of  the  T^ton  Range,  August. 

Mimulus  moschatus,  Dougl. — Henry's  Fork  of  Snake  River,  August; 
T^tou  foot-hills,  July. 

Mimulus  rubellusj  Gray,  (Mex.  Bound.  Rep.,  p.  116.)  (Watson,  in 
Clarence  King's  Rep.,  vol.  v,  p.  225.) — Near  Ogden,  Utah,  June. 

Ikinanus  Freinontii^  D.  C. — Crater  Hills,  Wyoming,  August;  Twin 
Buttes  on  Henry's  Fork  of  Snake  River,  Idaho,  July. 

Synthyris  alphia^  Gray. — ^Ti^ton  Mountains,  elevation  10,000  feet,  July. 

Yeronica  Antigallis^  L. — Near  Ogden,  Utah,  June;  Heart  Lake,  Sep- 
tember; T^ton  River,  July. 

Veronica  Americana^  Schwein. — Near  Brigham  City,  Utah,  June. 

Veronica  alpina,  L. — Trail  Creek  Mountains,  September. 

Veronica  serpyllifolia,  L. — ^T^ton  River,  July. 

Veronica  peregrina^  L. — T^ton  River,  July. 

Castilleia  linariw/olia,  Benth. — Divide  between  Marsh  and  Malade 
Valleys,  June. 

Castilleia  affinisj  Hook,  and  Am. — Malade  Valley,  Idaho,  June. 

Castilleia  affinis,  Hook,  and  Am.,  var.  minor,  Gray. — Mountains  along 
the  Yellowstone,  elevation  6,400  feet,  July. 

Castilleia  parvifiora,  Bong. — Divide  between  March  and  Malade  Val- 
leys, June. 

Castilleia  pallida,  Kunth. — Ogden  Canon,  Utah,  June ;  T6ton  Moun- 
tains, elevation  10,000  feet,  July.    The  red  variety  was  also  found. 

Castilleia  flava,  S.  Watson. — Ross  Fork  to  Fort  Hall,  Idaho,  July; 
T6ton  Basin. 

OrtJiocarptis  Tolmiei,  Hook,  and  Arn. — Snake  River  Valley,  July;  near 
Fort  Bridger,  Wyoming,  August.    Dr.  Joseph  Leidy. 

Ortlwcarpus  luteus,  Nutt. — ^Twin  Buttes,  on  Henry's  Fork  of  Snake 
Eiver,  July. 

Cordylanthus  ramosus,  Nutt. — Teton  foot-hills,  August;  Snake  River 
Valley,  July. 

Pediculari^  Orcenlandica,'Retz, — Henry's  Fork  of  Snake  River,  August, 
in  flower ;  Shoshone  Lake,  September. 

Pedicularis  bracteosa,  Benth. — Lower  Falls  of  the  Yellowstone,  August ; 
Trail  River  Mountains,  September ;  T6ton  Mountains,  elevation  10,000 
feet,  July. 

Pedicularis  racemosa,  Dougl, — ^Yellowstone  Lake,  August;  T6tou  Moun- 
tains, elevation  10,000  feet,  July;  Shoshone  Lake,  September. 

Pedicularis  /Swde^toa,  Willd.(!) — T^ton  Mountains,  elevation  10,000  feet, 
July. 

Pedicularis  Parryi,  Grjiy. — Uintah  Mountains,  Wyoming,  August.  I>r. 
Joseph  Leidy. 
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YERBENACE^. 

Vcrheym  hastata^  L. — ^Near  Brigliam  City,  Utah,  Jane. 
Verbena  bracteosay  Mlchx. — Near  Brigham  City,  Utah,  Jane;  Blackfoot 
River,  Idaho,  July. 

LABIATE. 

MentJui  Canadensis,  L. — From  Ross  Fork  to  Fort  Hall,  Idaho,  July; 
Henry's  Fork  of  Snake  River ;  Yellowstone  Lake,  August. 

MentJia  GanadensiSy  L.,  var.  glabrata,  Benth. — Henry's  Fork  of  Snake 
River,  August. 

Lycopus  Virginicus,  L.,  var. — Lower  Fire- Hole  Basin,  August. 

LophanthtLs  urticwfoliuSy  Benth. — ^Near  Ogden,  Utah,  June. 

Draooceplialujn  parviflorumj  D.  C. — Weber  River,  Utah,  June ;  Snake 
River  Valley,  July. 

Physostegia  parvifloray  Nutt.  (Gray,  in  Proc.  Am.  Acad.,  May,  1872, 
p.  371.)  {Dracocephalum  variegatum,  Ventenat.) — Snake  River  Valley, 
Idaho,  July. 

Brunella  vulgariSj  L. — Swamp  near  Ogden,  Utah,  June ;  Henry's  Fork 
of  Snake  River,  August ;  T6ton  Baain,  July. 

Scutellaria  resinosay  Torr. — ^Near  Ogden,  Utah,  June. 

Scutellaria  galericulatay  L. — Henry's  Fork  of  Snake  River,  August 

Marrubiuin  vulgare,  L. — Near  Ogden,  Utah,  June  18. 

SUwhys  palustriSy  L. — Near  Brigham  City,  Utah,  June  25;  Snake 
River  Valley,  July;  Fort  Ellis,  Montana,  August. 

Stachys  palustriSy  L.,  var.  aspera,  Gray. — Weber  River,  Utah,  June  19. 

Monarda  Jistulosay  L. — From  Fort  Ellis  to  Boteler's  Ranch,  Montana, 
July. 

BORRAGINAGE^. 

Lithospertnnm  longiflorunty  Spreng, — Omaha,  Nebraska,  May  18 ;  foot- 
hills near  Ogden,  Utah,  June. 

Lithospermum  pilosuMy  Nutt,  (L.  ruderaley  Dougl.) — Port  Nenf  Canon, 
Idaho,  July  2. 

Mertensia  Sibirica,  Don. — ^Red  Mountain,  elevation  10,000  feet,  Sep- 
tember 11 ;  Teton  range,  elevation  10,000  feet,  July  24. 

Mertensia  panwulata,  Don. — Near  Ugden,  Utah,  June. 

Mertensia  brevistyla,  S.  Watson.  (Clarence  King's  Rep.,  vol.  v,  p. 
239.) — Mountains  near  Henry's  Lake,  Idaho,  August;  Trail  Creek 
Mountains,  September. 

Piptocalyx  drcumsdssusy  Torr. — Market  Lake,  Idaho,  July. 

Eritrichium  villosum,  D.  C,  var.  aretioidesy  Hook. — T6ton  Mountains, 
elevation  12,000  feet,  July. 

Eritrichium  augustifoliumy  Torr. — Near  Ogden,  Utah,  May;  Snake 
River  Valley,  July. 

Eritrichium  Califomicumy  D.  C. — ^Near  Ogden,  Utah,  May;  Snake 
River  Valley,  July. 

Eritrichium  glomeratumy  D.  C. — Mystic  Lake,  near  Fort  Ellis,  Mon- 
tana^ July. 

Eritrichium  leiocarpumy  S.  Watson.  (Clarence  King's  Rep.,  vol.  v,  p. 
244.)  (Krynitzkia  leiocarpumy  Fisch.  and  Meyer.) — Snake  River  Valley, 
July.  A  form  wa«  found  at  Ogden,  Utah,  that  answers  to  E.  muriada- 
turn,  Torr.,  referred  by  Watson  to  E,  leiocarpnm.  The  nutlets  are 
plainly  granulated. 
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Eritrickium  crassisepalunij  T.  and  G. — Mystic  Lake,  near  Fort  Ellis, 
Montana,  July. 

Uehinospennum  BedowsJcii,  Lekm.,  var.  oecideJitalCj  S.  Watson.  (E. 
Keflowskiiy  Gray.) — Great  Salt  Lake,  June  15. 

JEchinospermum  deflexumy  Lehm.,  var.  floribundum,  S.  Watson.  {E, 
floribimdumj  Lehm.) — Little  Cottonwood  Canon,  Utah,  June  21 ;  T6ton 
Alouiitains,  elevation  10,000  feet,  July  24. 

Coldenia  Ntittalliij  Hook.  {Tiquilia  hrevifolia^  Nutt.  Bot.  Mex. 
Bound.,  136.) — Market  Lake,  Idaho,  July  15,    On  volcanic  sand. 

Myosotis  sylvaticaj  Hoffm.,  var.  aJpestris^  Koch. — Along  the  Yellow- 
stone, July. 

HYDBOPHYLLAOB^. 

Hydrophyllum  capitatumj  Dougl.,  var.  alpinum^  i5.  Watson. — T^ton 
Mountains,  elevation  10,000  feet,  July  24. 

Neniaphila  parviflora,  Dougl. — Along  the  Yellowstone,  July. 

Pfiacelia  cireinatay  Jaaq. — Ogden  Caiion,  Utah,  June  6;  Divide  be- 
tween Marsh  and  Malade  Valleys,  June  29;  along  the  Yellowstone,  ele- 
vation 6,400  feet,  July ;  Trail  Creek  Mountains,  Wyoming,  September  14. 

Fhacelia  Menziesiij  Torr. — Near  Ogden,  Utah,  May  28 ;  Mystic  Lake, 
near  Fort  Ellis,  Montana,  July. 

Pliaeelia  sericeaj  Gray. — Upper  T^ton  Canon,  July  28;  Eed  Moun- 
tain, elevation  9,600  feet,  September  11. 

Fliacelia  sericea^  Gray. — A  dwarf  alpine  form  was  found  on  the 
mountains  around  Henry's  Lake,  Idaho,  August  9. 

Plhoeelia  Itesiana^  Torr,  (Ives's  Col.  Exped.,  Bot.  Rep.,  21.) — ^Twin 
Buttes  on  Henry's  Fork  of  Snake  liiver,  July  16 ;  Market  Lake,  Idaho, 
OH  volcanic  sand. 

POLEMONIACEJBS. 

Phlox  canescens^  T.  and  G. — ^T^ton  Mountains,  elevation  12,000  feet, 
July. 

Phlox  ixespitosa,  Nutt.,  var.  rigida.  Gray.  (Near  P.  Douglasii,  Hook.) 
— Malade  Valley,  Utah,  June ;  Trail-Creek  Mountains,  Wyoming,  Sep- 
tember. 

Phlox  ceespitosaj  !N"utt.,  var.  condensaia,  Gray.  (Proc.  Am.  Acad.,  vol. 
viii,  p.  254.) — Trail  Creek  Mountains,  September. 

Phlox  longi/oliay  Nutt. — Yellowstone  Elver,  July;  Fall  River,  Idaho; 
Market  Lake ;  Fort  Hall ;  several  forms  were  found.  Fort  Ellis,  Mon- 
tana. 

Phlox  Ixmgifolia.  Nutt.,  var.  hrevifolia.  Gray. — ^Trail  Kiver  Mountains, 
September. 

Collomia  grandifloraj  Dougl. — Near  Ogden,  Utah,  June. 

CoUomia  linearis^  Nutt. — Near  Ogden,  Utah,  June ;  foot-hills  of  the 
T6ton  Bange,  July. 

Collomia  linearis^  Nutt.,  var.  subulataj  Gray. — Foot-hills  of  the  T^ton 
Mountains,  August. 

Collomia  tenellay  Gray. — ^Near  Ogden,  Utah,  June. 

Gilia  /iwt/fora,  Benth.,  vslt.,  phamaceoides.  Gray.  (Proc.  Am.  Acad., 
vol.  viii,  p.  263.) — Fort  Ellis,  Montana,  July. 

Oilia  pusilla^  Benth. — ^Fort  Ellis,  Montana,  July. 

Gilia  pungens^  Benth.— Plains  near  Ogden,  Utah,  June. 

Qilia  pungens,  Benth.,  var.  squarrosaj  Gray. — Along  the  Yellowstone, 
elevation  6,200  feet,  September ;  Snake  River  Valley,  July. 
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Oilia  intertextaj  Stend. — Foot-hills  of  the  T^ton  Mountains,  August 

Crilia  floecosaj  Gray. — Snake  River  Valley,  July;  Market  Lake,  Idaho. 

Oilia  congestUj  Hook.,  var.  crebrifolia,  Gray. — Snake  River  Valley, 
July ;  Twin  Buttes  on  Henry's  Foik  of  Snake  River. 

Gilia  aggregata^  Spreng. — Neai'  Ogden,  Utah,  May ;  Bear  River,  Jane- 
In  the  Teton  Basin  the  form  with  white  flowers  was  louud. 

Gilia  leptomeria,  Gray. — Snake  River  Valley,  July. 

Polemanium  co^ifertnmy  Gray. — T^ton  Mountains,  elevation  12,000  feet, 
July;  mountains  on  Clark's  Fork,  W3'Oming,  ele.vatiou  9,000  ieet. 

Fole7no7iium  cosruleum^  L. — Henry's  Fork  of  Snake  River,  August; 
Lower  Fire-Hole  Basin. 

Polemonium  cosruleum^  L.,  var. /oZio«f««iwtt»i,  Gray. — ^Yellowstone  Lake, 
August. 

CONVOLVXTLACB^. 

Calystegia  sep^him^  L. — ^Malade  Valley,  Idaho,  June. 

Cuscuta ,(l) — The  specimen  found  was  too  young  to  determine 

anything  as  to  its  species.  It  was  growing  on  Oxytropis  Lamhertl, 
Henry's  Fork  ©f  Snake  River. 

SOLANAOE^. 

Solanum  trifiorum^  Nutt. — Uintah  Mountains, 'Wyoming,  August  Br, 
Joseph  Leidy. 
X^icotiana  attenuata^  Torr. — Market  Lake,  Idaho,  July. 

GENTIANACE-E. 

Oentiana  Amarellay  L. — Henry's  Lake,  Idaho,  August  ]  Heart  Lake, 
Wyoming,  September. 

Oentiana  detonsa.  Fries. — Henry's  Fork  of  Snake  River,  August.  This 
species  occurred  in  the  Fire-Hole  Basins  in  great  abundance,  but  with 
leaves  and  stems  so  black  as  to  be  scarcely  recognizable.  "  The  pedun- 
cles are  shorter,  and  the  lobes  of  the  corolla  more  strongly  lacerate 
fringed  than  usual.  It  approaches  (?.  crinitaj  with  which  it  is  probably 
identical."    Professor  Porter. 

Oentiana  affinis^  Smith. — T6ton  Basin,  August;  along  the  Yellowstone, 
elevation  0,400  feet  j  Henry's  Fork  of  Snake  River,  August. 

Oentiana  simplex,  Gray.  (Pacif.  R.  R.  Rep.,  vol.  vi,  p.  87,  pi.  16.}— 
'*  It  accords  well  with  ths  description  and  figure,  except  that  the  leaves 
are  shorter  and  the  lobes  of  the  corolla  rounded,  very  obtuse,  and  occa- 
sionally furnished  at  the  base  with  a  few  small  teeth."  Professor  Porter. 
Henry's  Fork  of  Snake  River,  August. 

Oentiana  ealycosa,  Griesb.,  (in  D.  C,  Prod.  9,  p.  115,  and  Hooker's  FL 
Bor.  Am.  2,  p.  48,  t.  146.)^Teton  Caiion,  10,000  feet  altitude.  «*  It  varies 
from  the  typical  form  in  its  shorter  calyx  and  calyx-lobes,  and  the  smooth 
edges  of  its  thinnish  leaves."    Professor  Porter. 

Frasera  speciosa^  Dougl. — T6ton  Caiion,  July ;  Snake  River  Valley. 

Swertia  perenniSj  L. — Uintah  Mountains,  Wyoming,  August  Ih. 
Joseph  Leidy. 

Hesperochiron  pumil'usy  Porter.  (Villarsia  pumila^  Griesbach.) — Near 
Ogden,  Utah,  June. 

APOOTNAOB^. 

Apocynum  androsasmifoliumjL, — Near  Ogden,  Utah,  June. 
Apocynum  cannabinum^  L. — Divide  between  Marsh  and  Malade  Valleys, 
June. 
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ASOLEPIADAGEJS. 

Asclepias  speciosuy  Torr. — ^Port  Neaf  Gauon,  Idaho,  July;  Snake  Elver 
Valley. 

Acerat^  decumbenSy  Decaisne. — Hot  springs  ten  miles  from  Ogden, 
Utah,  June. 

NYOTAGmACEJE. 

Abronia  fragrans^  !N'utt. — Foot-hills  near  Ogden,  Utah,  June.  Two  or 
three  species  of  Abronia  were  collected  but  uufortuuately  lost. 

GHENOPOBXAOE^. 

Chenopodiwn  albumy  L. — ^Port  Neaf  Canon,  Idaho,  July ;  Twin  Battes 
on  Henry's  Fork  of  Snake  River.    Common  everywhere  on  the  route. 

Chenqpodium  atbum^  L.,  var.  leptophyllumf  Moq. — Snake  Biver  Yalle^^, 
July. 

Ckenopodium  album,  L.,  var.  "  Near  the  var.  inteffrifoliumy  Ledeb." 
Professor  Porter. — Yellowstone  Lake,  August. 

Ckenopodium  hybridtunj  L. — Henry's  Fork  of  Snake  River,  July  ^  Yel- 
lowstone Lake,  August. 

BUium  capitatum,  L. — Henry's  Fork  of  Suake  River,  August ;  T^ton 
Basin,  July. 

Blitum  polymorphumj  C.  E.  Meyer,  var.  humiley  Moq.-^Near  Great  Salt 
Lake,  Utah,  June. 

Monolepis  chenopodUndes,  Moq.  {Blitum  Nuttallianumy  R.  and  S.) — ^T^ton 
Basin,  July. 

Obione  canescenSyMoq. — Great  Salt  Lake,  Utah,  June^  Blackfoot  River, 
Idaho,  July  j  Port  Neuf  Canon  5  Marsh  Valley. 

Obione  confertifolia,  Torr. — Great  Salt  Lake,  Utah,  June. 

Obione  argentea,  Moq. — Great  Salt  Lake,  Utah,  June;  Snake  River 
Valley,  July. 

Orayia  polygaloideSj  Hook,  and  Arn. — Snake  River  Plains,  July. 

Eurotia  lanata,  Moq. — Near  Great  Salt  Lake,  Utah,  June;  Snake 
Biver  Plains,  July.  "Known  as  *  white  sage'  and  *  winter  fat.'  Is 
valuable  for  fattening  stock."    Watson. 

Kockia  prostraUij  Shrad. — Near  Fort  Bridger,  Wyoming,  August.  Dr, 
Joseph  Leidy. 

Salicornia  herbacea,  L. — Great  Salt  Lake,  Utah,  June ;  Lower  Fire-Hole 
Basin,  August. 

Halostachyg  occidentalism  S.  Watson,  (Clarence  King's  Rep.,  vol.  v,  p. 
203.) — Near  Great  Salt  Lake,  June. 

Sarcobatus  vermiculatv,si,  Ton*.  {Fremontia  vermicularisj  Torr.  Frem. 
Bep.) — Black  Boittes,  Utah,  June.    Known  as  '*  grease-wood." 

• 

AMABJLNTAGE^. 

Amarantus  albus,  L. — Snake  River  Valley,  July.  '*  Remarkably  red 
for  the  species."    Professor  Porter. 

POLYOONAOE-ffl. 

EHogonum  heracleoides,  Nutt. — Near  Ogden,  Utah,  June;  along  the 
Yellowstone,  elevation  6,200  feet,  August ;  Snake  River  Valley,  July. 
Eriogonum  umbellatumj  Torr. — ^Near  Ogden,  Utah,  June. 


^ 


I 
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Eriogonum  {Heterosepala)  ovalifolhiniy  Nutt. — ^NearOgden,  Utab,  May; 
Lower  Fire-Hole  Basin,  August ;  Snake  River  Yalley,  July. 

Eriogonum  ovalifolium^  Nutt.,  var.  tenuiSj  Benth. — ^Near  Bozemaiij 
Montana,  elevation  6,400  feet,  July. 

Eriogonum  {Capitata)  Kingiij  T.  and  O. — Mountains  near  HeDiy-s 
Lake,  Idaho,  August. 

Eriogonum  microthecum,  Nutt. — Port  Neuf  Canon,  Idaho,  July ;  Snake 
River  Valley. 

Eriogonum  hrevicaule^  Nutt. — Near  Fort  Bridger,  Wyoming,  Augast 
Dr,  Joseph  Leidy. 

Eriogonum  cemuum^  Nutt.,  var.  tenue^  T.  and  O. — Snake  River  Valley, 
July. 

Eriogonum  flavumy  Nutt. — Snake  River  Plains,  August }  Lower  Fire- 
Hole  Basin. 

Eriogonum  salsuginosumj  Hook. — Fort  Bridger,  Wyoming,  August 
Dr.  Joseph  Leidy. 

Oxytheca  dendroidea^  Nutt. — Grows  in  great  abundance  in  Snake  River 
Valley,  July. 

Oxyria  digyna,  Campd. — Near  Henry's  Lake,  Idaho,  Augast;  TCton 
Mountains,  elevation  12,000  feet,  July;  Trail  Creek  Mountains,  Wyo- 
ming, September ;  common  on  all  the  mountain-tops  in  the  Snake  River 
region. 

Rumex  venosusy  Pursh. — Snake  River  Valley,  July  14 ;  Black  Buttes, 
Utah,  June  16. 

Rumex  longifolius^  D.  C. — Near  Brigham  City,  Utah,  June  25. 

Rumex  salicifoliuSy  Weinm. — Near  Ogden,  Utah,  June  7;  T6ton  Basin, 
July  21. 

Rumex  maritimtiSy  L. — Henry's  Lake,  Idaho,  August  8. 

Rumex  f  Acetosa J  paucifolitis^  J^utt — Snake  River  Valley,  August. 

Polygonum  aviculare^  L. — Near  Ogden,  Utah,  June;  Henry's  Lake, 
Idaho,  August  8. 

Polygonum  aviculare^  L.,  var.  latifoUumy  S.  Watson,  (CI.  King's  Rep., 
vol.  V,  p.  315.) — Shake  River  Valley,  July. 

Polygonum  aviculare,  L.,  var.  ereetumy  Roth. — Weber  River,  Utah, 
June  19. 

Polygonum  tenue^  Michx. — T6ton  Basin,  August  2 ;  Snake  River  Val- 
ley, July. 

Polygonum  tenue^  Michx.,  var.  latifoUumj  Engelm. — Snake  River  Val- 
ley, August. 

Polygonum  amphibiumj  L. — Henry's  Fork  of  Snake  River,  August  5. 

Polygonum  amphibiumj  .L.,  var.  aquaticumj  Willd. — Divide  between 
Marsh  and  Malade  Valleys,  June  29. 

Polygonum  amphihium^  L.,  var.  terrestre^  Willd. — Madison  GaiioQ, 
August  10 ;  near  Red  Mountain,  Wyoming,  September  12. 

Polygonum  Persicana^  L. — Near  Brigham  City,  Utah,  June  25.  Very 
probably  introduced. 

Polygonum  viviparum,  L. — ^Fire-Hole  River,  August  10. 

Polygonum  Bistorta,  L.,  var.  oblongifoliumj  Meisn. — Upper  T^ton  Canon, 
July  28:  Henry's  Fork  of  Snake  River,  August;  Trail  Creek  Moun- 
tains, Wyoming,  September  13. 

Polygonum  Bistorta^  L.,  var.  linearifolium^  S.  Watson,  (CI.  Bang's  Rep., 
vol.  V,  p.  317.) — Mountains  near  Henry's  Lake,  Idaho,  August  9;  Red 
Mountain,  Wyoming,  elevation  10,000  feet,  September  11. 
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ELEAGNACEJE. 

Shepherdia  Canadensis^  Nutt. — Teton  Basiu,  July  21. 
iShepkerdia  argentea,  Pursh. — Near  Fort  Bridger,  Wyoming,  Aagust. 
Dr.  Joseph  Leidy. 

SANTALAGE^. 

Commandra  palliday  D.  C,  (Prodr.  14,  636.) — T6ton  Basin,  July  21. 

LORANTHACE^. 

Arceuthohium  Americanumj  Nutt.,  in  Herb.  Duraud.  Found  growing 
on  Pinus  coiitorta, — Henry's  Fork  of  Snake  River,  August  5  5  along  the 
Yellowstone.    (See  Cat.,  Hayden's  Rep.  for  1871.) 

OERATOPHYLLACE^. 

Ceratophyllum  donersum,  L.  (?) — Henry's  Fork  of  Snake  River,  Au- 
gust 0. 

CALLITRICHACEJE. 

CaUitriche  verna,  L. — Henry's  Fork  of  Snake  River,  August  6. 

EUPHORBIAOE-ffi. 

Euplwrhia  dlctyosperma^  Fisch.  and  Meyer. — Plains  near  Ogden,  Utah, 
June. 

Euphorbia  Herpyllifolia^  Pera. — Near  Ogden,  Utah,  June  16 5  Lower 
Fire  Hole  Basin,  August ;  Snake  River  Valley,  July. 

UBTIOACE^. 

Uriica  gracilis^  Ait. — Weber  River,  Utah,  June. 
TJrtica  dioica^  L.,  var.  occidentalism  S.  Watson.  (Clarence  King's  Rep., 
vol.  V,  p.  321.) — Foot-hills  of  the  T^ton  Mountains,  August. 
Parietaria  Pennsyivanica^  Muhl. — Blackfoot  River,  Idaho,  July. 

BETULAOE^. 

Betula  oocidentalisj  Hook. — Port  Keuf  CaOon,  Idaho,  July. 
Betula  glandulosa,  Michx. — Upper  Caiion  of  the  Madison,  August. 
Alnus  ificanaj  Willd. — T^tX)ii  foot-hills,  July. 

SALIOAGEJE. 

Salix  longifolia^  Muhl. — Henry's  Fork  of  Snake  River,  July  5  divide 
between  Marsh  and  Malade  Valleys,  June;  foot:hills  of  T^ton  Moun- 
tains, August. 

Salix  nigraj  Marsh,  var.  amygdaloides^  Anders. — Plains  near  Ogden^ 
Utah,  June ;  Port  Neuf  Caiiou,  Idaho,  July ;  T6ton  Basin. 

Salix  cordata,  Muhl. — Near  Ogden,  Utah,  June. 

Salix  cordata^  Muhl.,  var.  augmtata^  Anders. — Snake  River  Valley, 
August. 

Salix  Barrattiana,  Hook. — "  With  ovaries  nearly  smooth  !^  Professor 
Porter.    Along  streams  in  T6ton  Basin,  July. 
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Salix  glauca^  L. — Swamp  on  He.nry'8  Pork  of  Snake  Eiver,  August ; 
Upper  Canon  of  the  Madison. 

Salix  glutuxij  L.,  var.  pullataj,  Anders. — Upper  T^ton  Cafion,  July; 
Eed  Mountain,  Wyoming,  September. 

Salix  arctica^  E.  Br. — Snake  Eiver  Valley,  August ;  T^ton  Mountains, 
elevation  12,000  feet,  July. 

Salix  arcticay  E.  Br.,  var.  Browniiy  Anders. — ^T6ton  Mountains,  eleva- 
tion 12,000  feet,  July. 

Salix  reticulata,  L. — T^ton  Mountains,  elevation  12,000  feet,  July ; 
mountains  near  Ogden,  Utah,  elevation  10,000  feet,  June. 

Populm  tremuloidesj  Michx. — ^T6ton  foot-hills.  Common  everywhere 
in  the  West  on  foot-hills  and  following  the  courses  of  streams.  It  is 
known  as  "quaking  asp.'' 

Populus  halsamifera^  L.,  var.  angustifoliay  S.  Watson,  (P.  angustifolia^) 
James. — Along  the  streams  of  the  T^ton  Basin,  July  22;  common  every- 
where in  the  Korthwest,  in  the  lower  altitudes;  known  as  "  bitter  Cot- 
tonwood.'' 

CONIFERiE:. 

PinuB  contortaj  Dougl. — Henry's  Lake,  Idaho,  on  mountains,  Au- 
gust 5. 

Pinus  contorta^  Dougl.,  var.  latifoUa,  Engelm.  (Red  Pine.) — Mount- 
ains along  Henry's  Fork  of  Snake  Eiver,  August  5 ;  Lower  Fire-Hole 
Basin,  August. 

Pinus  ponderosa^  Dougl.  (Yellow  Pine.) — T€Um  Eange^  elevation 
6-5,000  feet,  July  22. 

Pinus  flexiliSj  James. — Mountains  near  Henry's  Lake,  August  9 ; 
T^ton  Mountains,  elevation  7-11,000  feet,  July  24. 

Ahies  Engelmanni,  Parry.  ( WW^  Pine.) — T6ton  Mountains,  elevation 
7-9,000  feet,  July  24. 

Ahies  Menzi^sii,  Lindl.  {Balsam.) — Grand  Canon  of  the  Yellowstone, 
elevation  7-8,000  feet,  August  22. 

Abies  amabiliSy  Forbes.(!) — T^ton  Eange,  elevation  8-10,000  feet, 
July  26. 

Abies  grandis^  Lindl.  ( White  Spruce.) — ^Mountains  near  Ogden,  Utah, 
elevation  7-9,000,  June  13;  Trail  Eiver  Mountains,  Wyoming,  ele- 
vation 6-9,000  feet,  September  13. 

Abies  Douglasii,  Lindl.  {Swamp  Pine,) — ^Mountains  near  Ogden,  Utah, 
elevation  7-9,000  feet,  June  8 ;  T^ton  Mountains,  elevation  7-10,000 
feet,  July  24. 

Juniperus  communis,  L.,  var.  alpina,  L. — Mountains  near  Ogden,  Utah, 
June  11, elevation  9-10,000  feet;  Lower  Fire-Hole  Basin,  August. 

Juniperus  Virginia/na,  L.  {Bed  Cedar,) — Mountains  along  Henrv's 
Fork  of  Snake  River,  6-7,000  feet  altitude. 

Juniperus  occidentxdis,  Hook. — Mountains  near  Ogden.  Utah,  elevation 
5-7,000  feet,  June  8;  T6ton  Mountains,  elevation  7-10,000  feet,  July  24. 

LEMNAGE^. 

Lemna  irisulca,  L. — Common  in  the  waters  of  Henry's  Fork  of  Snake 
Eiver,  August;  it  also  occurs  in  great  abundance  upon  the  small 
streams  in  the  two  Geyser  Basins. 

Lemna  poly rrhiza,  L. — In  the  waters  of  Henry's  Fork  of  Snake  Eiver, 
August ;  Jackson's  Lake,  September. 


GEOLOGICAL  SURVEY  OF  THE  TERRITORIES.       783 

TYPHACBiE. 

Typha  lati/olia,  L. — Snake  River  Valley,  Jaly ;  in  swamps  near  Fort 
Hall,  Idaho,  in  great  abundance. 

Sparganium  mmplexy  Huds.,  Tar.  afulroeladwnij  Engelm. — ^Weber  Biver, 
Utah,  Jane. 

NAIADAOE^. 

Zannichellia  palustris,  L. — Yellowstone  Lake,  1871. 
Potamogeton  perfoliatusj  L.,  var.  lanceolatm^  Kobbins. — Henry's  Fork 
of  Snake  Eiver,  August  6. 
Potumogeton  pectinatusy  L. — Upper  Greyser  Basin,  August. 

ALISMAGEJS. 

Triglochin  palustre^  L. — Hot  Springs,  ten  miles  from  Ogden,  Utah, 
Jane  24. 

Trffflochin  mariUmuMj  L. — Swamps  near  Ogden,  Utah,  June  18 ;  Upper 
Canon  of  the  Madison,  August  10;  Yellowstone  Lake,  August  23. 

Sagittaria  variabilis^  Engelm. — Near  Ogden,  Utah,  June  16;  Henry's 
Pork  of  Snake  River,  August. 

Sagittaria  variabilis^  Bngelm.,  var.  hastata^  Gray. — ^Divide  between 
Marsh  and  Malade  Valleys,  June  29. 

8agittariu  variabilis^  Engelm.,  var.  diversifoliaj  Gray. — Weber  River, 
Utah,  June  19. 

ORGKIDACE^. 

Habenaria  Jiyperhorea^  R.  Br. — Swamps  near  Ogden,  Utah,  June  7 ; 
Upper  T^ton  Canon,  July  28. 

Habenaria  dilatata,  Gray. — Swamps  near  Ogden,  Utah,  June;  Henry's 
Fork  of  Snake  River,  August:  T6ton  River,  July.  Common  along 
ahDost  all  the  streams  in  the  West. 

Habenaria  foeUda^  S.  Watson,  {PlatantTieraj  Gey.) — Wooded  Canon  of 
T6ton  River,  July. 

Spiranthes  Bmnanzoffiana^  Cham. — Snake  River  Valley,  July ;  Tdton 
foot-hills,  August ;  Fire- Hole  Basin ;  Shoshone  Lake,  September;  Jack- 
son's Lake.    Common  almost  anywhere  along  the  route. 

Ooodyera  Menziesii^  Lindl. — East  canons  of  T^ton  Range,  September. 

Epipactis  gigantea^  Dougl. — Swamps  near  Ogden,  Utah,  June. 

Cordllorhiza  multifloray  Nutt. — Shoshone  Lake,  Wyoming,  September. 

IRIDAGEJE. 

Iris  tenax^  Dougl. — TOton  Basin,  July. 

Sisyrinchium  Bermudiana^  L. — Malade  Valley,  Idaho,  June ;  Henry's 
Fork  of  Snake  River,  August. 

LILIACE^. 

Zygadenus  gUiucus,  Nutt. — Upper  Canon  of  the  Madison,  August;  T^- 
ton  Canon,  July ;  Trail  Creek  Mountains,  Wyoming,  elevation  10,000  feet, 
September. 
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Zygailenufi  Nuttallii,  Gv^y, — Ogden  Canon,  Utah,  June;  Trail  Creek 
Mountains,  Wyoming,  September. 

Xeraphyllum  tenax^  Dougl. — Fort  Ellis,  Montana,  to  the  Yellowstone, 
July. 

Veratrumalbumj  L. — Foot-bills  of  the  T^ton  Mountains,  August ;  swamp 
near  Ogden,  Utah,  June. 

Prosartes  traclujcarpa^  8.  Watson. — ^Mountains  near  Ogden,  Utah, 
June;  Gallatin  Caiion,  September. 

Streptopm  amplexifoUns^  D.  C. — Upper  T^ton  Caiion,  July  26. 

Smilacina  raceinosa^  Desf.,  var.  amplexicauliSj  S.  Watson. — Waterfall 
Canon  near  Ogden,  Utah,  June  4;  Teton  Basin,  July  21. 

Smilacina  stelluta^  Desf. — Near  Ogden,  Utah,  May  31 ;  T6ton  Mount- 
aius,  elevation  10-11,000  feet,  July  24. 

Fritillarla  atropurpurea^  Nutt. — Mountains  near  Ogden,  Utah,  eleva- 
tion 9,000  feet,  June  4.    In  fruit. 

Fritillarla  pudica.  Spreng. — Mountains  near  Ogden,  Utah,  elevation 
9,000  feet,  June  4 ;  Mountains  along  Clark's  Fork,  Wj'oming,  elevation 
9,000  feet. 

Galochortm  Nuttalliij  T.  and  G. — Near  Ogden,  Utah,  May  31;  Snake 
Eiver  Plains,  July;  Ileury's  Fork  of  Snake  River,  July  17.  "The 
*  Sego'  of  the  Utes  and  Mormons.''    Watson. 

Calochortus  eiirycarpus^  S.  Watson.  (CI.  King's  Rep.,  vol.  v,  p.  348.) — 
Henry's  Fork  of  Snake  River,  August  5;  differs  very  slightly  from 
C.  Nuttallii,  and  the  two  are  indistinguishable  except  in  mature  ovaries. 

Lloydva  serotiiiaj  Reich. — T6ton  Mountains,  elevation  11,500 feet^  July; 
Mountains  along  Clark's  Fork,  Wyoming,  elevation  9,000  feet. 

Erythronium  grandifloruMj  Pursh. — Mountains  near  Ogden,  Utah, 
elevation  9,000  feet,  June. 

Camassia  esculenta^  Lindl. — Henry's  Fork  of  Snake  River,  July.    The 
"Cammas''of  the  Bannock  Indians.    This  species,  as  well  as  Milla 
grandiflora,  Sire  both  known  to  the  Indians  as  "Cam raaa,"  the  former 
"Green  Cammas,"  the  latter  "Blue  Cammas,"  from  the  color  of  the 
I  blossoms.    The  former  is  the  one  used  for  food,  while  the  latter  is  care- 

fully avoided  as  being  poisonous,  although  a  large  quantity  must  be 
eaten  before  any  serious  effect  can  be  noticed. 

Milla  grandiflora^  Baker.  ( Triteleia  grandifloraj  Lindl.) — Ogden  CaiioD, 
Utah,  June;  T6ton  Caiion,  July. 

Allium  brevistylumj  S.  Watson.  (Clarence  King's  Rep.,  vol.  v,  p. 
350.) — Upper  T^ton  CaHon,  July. 

Allium  bisceptruMj  S.  Watson,  (Zoc.  cit,  p.  351,  pi.  xxxvii.) — Ogden 
Caiion,  Utah,  June. 

Allium  stellutumy  Fraser. — Snake  River  Valley,  July. 

Allium  acuminatum^  Hook. — Teton  Basin,  July. 

Allium  SclKenoprasuiny  L. — Near  Ogden,  Utah,  June;  Henry's  Lake, 
Idaho,  August. 


JUNCACEJE. 

Juncus  Balticus,  Deth.,  var.  montathu^j  Engelm. — T6ton  Caiion,  July. 
Juncus  tenuis,  Willd. — Fire-Hole  Basin,  August. 
Juncus  bufoniusj  L. — Henry's  Fork  of  Snake  River,  July. 
Juncus  longistylisy  Torr. — Henry's  Fork  of  Snake  River,  July. 
Juncus  MertensianuSy  Bong. — Uintah  Mountains,  Wyoming,  August, 
Dr.  Joseph  Leidy, 
Juncus  xiphioidesj  E.  Meyer. — Yellowstone  River,  August. 
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CYPERAOE^. 

Determiued  by  S.  T.  Olney,  Esq. 

Cyperus  inflextiSy  Mulil. — Near  Ogden,  Utah,  June  16. 

Scirpus  validuSj  Valil. — Ogden  Canon,  Utah,  June  8. 

Scirpus  microcarpus,  Presl. — Swamp  near  Ogden,  Utah,  June  18. 

Scirpus  atrovirens,  MuhL — Henry's  Fork  of  Snake  Eiver,  July  16. 

Carea^  sdrpaidea,  Michx. — Swamps  near  Ogden,  Utah,  June  18. 

Carex  disticha,  Hudson. — Swamps  near  Ogden,  Utah,  June  16. 

Carex  Bouglasii^  Boott. — Male.  Divide  between  Marsh  and  Malade 
Valleys,  June  29. 

Carex  leparina,  L. — Eed  Mountain,  elevation  10,000  feet,  September 
11 ;  T6ton  Mountains,  elevation  12,000  feet,  July  29. 

Carex  festivaj  Dewey. — Mountains  near  Ogden,  Utah,  elevation  9,000 
feet,  June ;  Twin  Buttes,  on  Henry's  Fork  of  Snake  Eiver,  July  16 ; 
Fall  River,  Idaho,  July  20;  Wooded  Caiion,  T6ton  Eiver,  July  23 ;  Tdton 
Basin,  August  2;  Mountains  near  Henry's  Lake,  Idaho,  August  9. 

Carex  vulgaris^  Fries.,  var.  (?)— Growing  in  the  spray  of  the  Lower 
Falls  of  the  Yellowstone,  August  22. 

Carex  Jamesii,  Torr. — Swamps  near  Ogden,  Utah,  June. 

Carex  Jammi,  Torr.,  var.  NehraslcensiSy  Olney,  (C.  Nehraakensis^  Dewey,) 
(Clarence  King's  Eep.,  vol.  v,  p.  368.) — Malade  Valley,  Utah,  June. 

Carex  ladniatUj  Boott. — Intermediate  between  the  type  and  (7.  Jamesii. 
California  specimens  have  rougher,  longer,  and  more  hispid  awns  to  the 
scales.    Swamps  near  Ogden,  Utah,  June. 

Carex  rigida^  Good. — ^Terminal  spikes — male.  Eed  Mountain,  Wyo- 
ming, elevation  10,000  feet,  September. 

Carex  aurea,  Nutt. — Henry's  Fork  of  Snake  Eiver,  July;  T^ton  Basin, 
Fire- Hole  Eiver,  August;  Mountains  along  the  Yellowstone. 

Carex  atrata^  L. — T6ton  Mountains,  elevation  10,000  feet,  July. 

Carex  alpina^  Swartz. — Uintah  Mountains^  Wyoming,  August.  Dr. 
Joseph  Leidy, 

Carex  nigra.  All.,  (C.  atratay  var.  nigra,  Boott.) — T6ton Mountains,  ele- 
vation 11,000  feet,  July. 

Carex  Raynoldm,  Dewey,  ((7.  Lyallii,  Boott.) — T^ton  Mountains,  ele- 
vation 10,000  feel,  July. 

Carex  capillaris,  L. — Uintah  Mountains,  Wyoming,  August.  Dr.  Joseph 
Leidy. 

Calex  utrieulata,  Boott.,  var.  globosa,  Olney. — From  the  Lower  Falls  of 
the  Yellowstone  to  Yellowstone  Lake,  August. 

Carex  vesicaria,  L. — Wooded  Canon  of  T^ton  Eiver,  July. 

Carex  stellulata,  L. — Swamps  near  Ogden,  Utah,  June. 

Carex ,  (1) — Too  young  for  determination.    T^ton  Basin,  July. 

Carex ,  (!) — Too  young  for  determination.    Henry's  Fork  of 

Snake  Eiver,  July. 

OBA3IINACE^. 

Determined  by  Dr.  Geo.  Vasey. 

Alopeeurus  glaiicuSj  L.  (!) — T6ton  foot-hills,  August;  Snake  Eiver 
Valley,  July. 

Phlettm  alpinum,  L. — Weber  Eiver,  Utah,  June ;  Upper  T6ton  Canon, 
July ;  Grand  Caiion  of  the  Yellowstone,  August. 

VUfa  cryptandttty  Torr. — Snake  Eiver  Valley,  July. 
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Vilfa  airoides,  Trin. — Great  Salt  Lake,  June ;  hot  springs,  ten  mileB 
from  Ogden,  Utah  ;  Marsh  Valley,  Idaho. 

Vilfa  asperifoliaj  Nees.  and  Meyer. — Port  Neuf  Valley,  Idaho,  Jaly; 
common  in  both  Geyser  Basins,  August ;  Twin  Buttes  on  Henry's  Fork 
of  Snake  River. 

Vilfa  depauperata,  Torr. — Blackfoot  Elver,  Idaho,  July ;  Henry's  Fork 
of  Snake  River ;  Upper  Geyser  Basin,  August. 

Agrostis  perenTianSj  Gr. — Lower  Geyser  Basin,  August- 

Agrostis  scabra,  Willd. — Snake  River  Valley,  July  5  Lower  Geyser 
Basin,  August ;  Jackson's  Lake,  September. 

Agrostis  exarata^  Trin. — T6ton  Mountains,  elevation  10,000  feet,  July. 

Agrostis  canina^  L.,  var.  alpina^  Oakes. — Growing  in  the  spray  of  the 
Grand  Falls  of  the  Yellowstone,  August. 

Ginna  arundinacea^  L. — Union  Pass,  Gallatin  River,  September. 

Vaseya  comata^  Thurber. — Upper  Geyser  Basin,  August. 

Galafnagrostis  Canadensis^  Beauv. — Henry's  Fork  of  Snake  River, 
July ;  T^ton  foot-hills,  August. 

Calamagrostis  Langsdorffii^  Trin. — Henry's  Fork  of  Snake  River,  July. 

Calamagrostis  stricta,  Trin. — Uintah  Mountains,  Wyoming,  August, 
1872,  Br.  Joseph  Leidy  /  T6ton  Basin,  August  5  Henry's  Fork  of  Snake 
River,  July. 

Calamagrostis  sylvatica^  D.  C. — T^ton  Basin,  July;  Henry's  Lake, 
Idaho;  August;  T^tou  Range. 

Eriocoma  cuspidata^  Nutt — Plains  near  Ogden,  Utah,  June ;  Snake 
River  Valley,  July ;  Upper  Gaiion  of  the  Madison,  August.  A  valua- 
ble "bunch-grass." 

8tipa  gparteoj  Trin. — Near  Brigham  City,  Utah,  June;  Fort  Hall, 
Idaho,  July. 

Stipa  comatay  Trin. — Snake  River  Plains,  July. 

Stipa  viridula^  Trin. — Henry's  Fork  of  Snake  River,  July. 

Bouteloua  oligostachya,  Torr. — Union  Pass,  Gallatin  River,  September. 

Spartina  gracilis,  Trin. — Snake  River  Valley,  July ;  found  in  both 
Geyser  Basins,  August. 

Kceleria  cristata,   Pers. — Plains  near  Ogden,    Utah,   June;    Marsh 
Valley,  Idaho ;  Teton   foot-hills,  July ;  Upper  Canon  of  the  Madison, 
August. 
.    Eatonia  obtusata,  Gray. — Port  Neuf  Canon,  Idaho,  July. 

Melka  bulbosa,  Geyer.  (Gray,  in  Proc.  Am.  Acad.,  May,  1872.)  The 
M.powoides  of  Whipple's  Rep.  and  Bolander,  but  not  of  Nuttall. — Near 
Ogden,  Utah,  June ;  Suake  River  Valley,  July ;  Upper  T^ton  Canon. 

Melica  stricta,  Bolaud. — Red  Mountain,  elevation  10,000  feet,  Septem- 
ber. 

Glyceria  nervata^  Trim. — ^Port  Neuf  Valley,  Idaho,  July ;  Shoshone 
Lake,  September. 

Glyeeria  pauciflora,  Presl. — Snake  River  Valley,  July. 

Glyceria  distans,  Wahl. — Upper  Geyser  Basin,  August. 

Brizopyrum  spicatum.  Hook. — Great  Salt  Lake,  June;  hot  springs, 
ten  miles  from  Ogden,  Utah ;  Snake  River  Valley,  July. 

Poa  alpina^  L. — T^ton  Range,  elevation  10,000*feet,  July. 

Poa  Eatoni,  S.  Watson. — Near  Great  Salt  Lake,  Utah,  June. 

Poa  Kingii,  S.  Watson. — Near  Great  Salt  Lake,  Utah,  June ;  T^ton 
Range. 

Poa  tcnutfolia,  Nutt. — Uintah  Mountains,  Wyoming,  August,  1S72. 
Dr  Joseph  Leidy, 

Atropis  Galifornicaj  Munro. — Malade  Valley,  Utah,  June. 

Festtica  teneUa^  Willd. — Plains  near  Ogden,  Utah,  June. 
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t^tuea  micro8ta>chy8,  Natt. — ^Plains  near  Ogden,  Utah,  Jane. 

Bromus  brevmri8tatu8jT\x\xrb&v^{\)  {Ceratochloa^  Hook.) — Marsh  Val- 
ley, Idaho,  Jane;  T^fx)n  Basin,  Jnly. 

Bromus  ciliatus,  L. — Upper  Gallon  of  the  Madison,  Augast. 

Phragmites  communis^  L. — Port  Neaf  Valley,  Idaho,  Jaly. 

Triticum  repetiSy  L. — Poit  Neuf  Canon,  Idaho,  July;  Snake  River 
Valley.  It  is  known  as  **  blue-joint,''  and  is  valuable  for  hay  and  graz- 
ing.    Found  also  in  the  Upper  Geyser  Basin,  August. 

Triticum  caninum^  L. — Upper  Geyser  Basin,  August. 

Triticum  strigosum^  Steud.,  (Bromus^  Bieb.,  T.  (egilopoides,  Turcz.) — 
T^ton  Basin,  July. 

Triticum  glaucum,  Desf.  (?) — Port  Neuf  Valley,  Idaho,  July;  Snake 
River  Valley. 

Hordeum  pusillumj  Nutt. — Marsh  Valley,  Idaho,  July ;  Snake  River 
Valley ;  T^ton  foot-hills,  August. 

Hordeum  juhatum^  L. — Ogden  Caiion,  Utah,  June ;  Snake  River  Val- 
ley, July. 

Hordeum  jubatum^  L.  var. — Peculiar  to  the  Upper  Geyser  Basin. 

Elymus  mollis^  Trin. — Henry's  Fork  of  Snake  River,  July. 
«     ElymuB  cond^ensatuSj  Presl. — Fort  Hall,  Idaho,  July;   T6ton  Basin; 
Snake  River  Valley;  Blackfoot  River. 

Elymus  Sitanion,  Schult.,  (Sitanion  elym^ides^  Raf.,  and  Polyantherix 
HystriXy  Nees.) — Great  Salt  Lake,  Utah,  June;  Henry's  Lake,  Idaho, 
Augast;  Lower  Geyser  Basin,  September. 

Elymus  Sibiricus,  L. — Henry's  Fork  of  Snake  River,  July;  Upper 
Greyser  Basin,  August. 

Ikinthonia  Californica,  Boland. — Henry's  Fork  of  Snake  River,  July; 
T6ton  foot-hills,  August. 

Trisetum  suhspicatumy  Beaud. — Trail  River  Mountaitis,  elevation 
10,000  feet,  September. 

Trisetum  subspieatumy  Beaud.,  var.  muticunL-^T^ton  Caiion,  July. 

Trisetum  subspicatum]  Beaud.,  var.  moW^,  Uintah  Mountains,  Wyoming, 
August,  1872.    Dr.  Joseph  Leidy. 

Airaflexuosay  L. — Hot  springs  ten  miles  6*om  Ogden,  Utah,  June. 

Aira  cmspitosa^  L. — Fire-Hole  River,  August. 

Phalaris  arundinaceay  L. — Marsh  Valley,  Idaho,  June ;  Snake  River 
Valley,  July^;  ^Tpper  Canon  of  the  Madison,  August.  "Known  as* 
^arazy  grass,'  from  its  reputed  injurious  effect  upon  horses."     Watson. 

Panicum  capillarcy  L.— Yellowstone  Lake,  August;  very  common  in 
both  Geyser  Basins. 

EQUISETACE^. 

Equisetum  arvense,  L. — Ogden  Canon,  Utah,  June. 
Equisetum  hyemalCj  L.— henry's  Fork  of  Snake  River,  July. 
Equisetum  pratenscj  Ehr. — Henry's  Fork  of  Snake  River,  July. 
Equisetum  variegatum^  Schleicher. — Low^r  Fire- Hole  Basin,  August. 
Equisetum  scirpoidesy  Michx. — Snake  River  Valley,  July. 

FELICES. 

Pteris  {iquilinaj  L.  —  Shoshone  Lake,  September;  Upper  Geyser 
Basin,  August. 

Pellcca  Breweri,  D.  C.  Eaton. — Mountains  near  Ogden,  Utah,  June ; 
T6ton  Range,  July. 

Pellwa  densuy  Hook. — Jackson's  Lake,  September  23. 
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Oryptogramme  acrosticJioideSj  R.  Br. — "Sew  Geyser  Basin  on  Shoshone 
Lake,  September  C. 

Aspidium  Lonchitis^  Swartz. — Upper  T6ton  Canon,  July  28. 

Aspidium  spinulosum,  Swartz. — Eastern  canons  of  the  Teton  Bange, 
September. 

Cystopteris  fragiliSj  Bentb. — Teton  Bange;  along  Snake  River. 

BotrychiumlunarioideSj  Swartz.,  var.  obliquum^GTaj, — Common  in  both 
Geyser  Basins,  August. 

Woodsia  scopulina^  D.  C.  Eaton. — Lower  Falls  of  the  Yellowstone, 
August;  Eastern  canons  of  the  T^ton  Range,  September. 

Woodsia  Oregantty  D.  C.  Eaton. — Mountains  near  Ogden,  Utah,  June. 

LYCOPODIACEJE. 

Selaginella  rupestri^,  Spreng. — Common  everywhere  on  the  route. 

HYDROPTERIDES. 

Marsilia  vestita^  Hook,  and  Grev.— In  the  water  of  Henry's  Pork  of 
Snake  River,  July  18. 

OHARACEiE. 

Chara  fragilisf  Desv.,no  fruit. — Yellowstone  Lake,  August  23. 
Nitellu -,  (!)  Species  undeterminable. 

MUSCI. 

Determined  by  Leo  Lesquereux,  Esq. 

Sphagnum  acutifoliumj  Ehrh. — Shoshone  Lake,  September, 

Bicranum  interruptum^  Bryol.  Eur. — ^Upper  Teton  Caiion,  July  24. 

J>icranum  scopariumj  Hedw.,  (Brj^ol.  Eur.) — Upper  Teton  <3aiion, 
July  24. 

Ceratodon  purpurem^  Brid: — Teton  Caiion,  July;  Snake  River,  Sep- 
tember ;  Fort  Hall,  Idaho,  October. 

Encalypta  vulgaris,  Hedw. — ^Near  Fort  Hall,  Idaho,  JiMy. 

Orimmia  {Schistidium)  conferta^  Funk. — ^Near  Fort  Hall,  Idaho;  Yel- 
lowstone Valley,  August. 

Orimmia  Scouleri,  MUU. — Yellowstone  Valley,  August. 

Orimmia  calyptrata^  Hook. — Fort  Hall,  Idaho,  July. 

Racomitriumfaseiculare,  Brid. — Hot  springs  near  Ogden,  Utah.  June; 
Henry's  Fork  of  Snake  River,  July ;  Jacksou's  Lake,  September. 

Eacomitrium  fa^deuLare,  Brid.,  var. — Teton  Caiiou,  July  2^. 

Racomitrium  lanuginosum,  Brid. — Upper  T^ton  Caiion,  July  26. 

Hedwigia  ciliaiq,,  Ehrh. — Shoshone  Lake,  September. 

Bartramia  fontana,  Brid.-^Hot  springs  near  Ogden,  Utah,  Jane; 
Fort  Hall,  Idaho;  Teton  Caiion,  July;  Fire-Hole  Ba^in;  Yellowstone 
Valley,  August;  Jackson's  Lake,  September;  Snake  River  Canon, 
October. 

Bartramia  fontana,  Brid.,  var. — ^T^ton  Caiion,  July  24. 

Bryum  pyriformey  Hedw. — Yellowstone  Lake,  August  23. 

Bryum  intermediuin,  Brid. — T6ton  Caiion,  July  24;  First  Canon  of 
the  Gallatin;  Jackson's  Lake,  September. 

Bryum  bimum,  Schreb. — First  Canon  of  the  Gallatin,  sterile;  Fort 
Hall,  Idaho,  July. 
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JBryum  •pseudO'triquetrum^  Bryol.  Ear. — Shoshone  Lake,  September. 

Bryum  turbinatum^  Hedw. — Upper  T6ton  Caiion,  July  26. 

JBryum  inclinatum,  Hedw. — Upper  T^ton  Caiion,  July  26. 

Bryum ,  (!)  undeterminable,  no  fruit — T6ton  Caiion,  July. 

Bryum ,  (!)  undeterminable,  no  fruit. — ^Teton  Basin,  August. 

Bryum ,  (!)  undeterminable. — T6tonEange;  elevation  10,000  feet, 

July  24. 

Bryum ,  (!)  undeterminable,  no  fruit — ^T6ton  Caiion,  July  26. 

Bryum ,  (!)  no  fruit. — ^Yellowstone  Valley,  August  23.. 

Bryum ,  (!)  undeterminable,  no  fruit — Jackson's  Lake,  Septem- 
ber. 

Bryum ,  (!)  undeterminable,  no  fruit — Lower  Fire-Hole  Basin,  Au- 
gust. 

Mniuin  punctahim,  Hedw. — Near  Fort  Hall,  Idaho,  July. 

Mniuyn  cuapidaium,  Hedw. — Shoshone  Lake,  September. 

Mnium  affine^  Bland. — Upper  Teton  Canon,  July  26. 

Mnium ,  (!)  undeterminable. — T4ton  Canon,  July  24. 

Aulacomnion  palustre,  Schwflegr. — ^Teton  Caiion,  July  24 ;  Shoshone 
Lake,  September. 

Timmia  megapolitana^  Hedw. — Fort  Hall,  Idaho,  July ;  T6ton  Caiion, 
July  24. 

Polytrichiumjuniperinumj  Hedw. — Fort  Hall,  Idaho,  July  5. 

Fantinalis  antipyreticaj  L. — Henry's  Fork  of  Snake  River,  July  16. 

I>ichelyma  falcatum^  Myrin. — Snake  River  Valley,  July  15. 

Camptothecium  NevadensCj  Lesqx. — First  Caiion  of  the  Gallatin,  Sep- 
tember 18. 

Climacium  dendroideSj  Web.  and  Mohr. — Upper  Caiion  of  the  Madison, 
August. 

Hypnum  triquetrumj  L.  (Hylocomium  triquetrum^  Bryol.  Eur.) — T^ton 
Caiion,  July  24;  First  Caiion  of  the  Gallatin,  September  18. 

Hypnum  splenden^y  Hedw.  {Hylocomium  splendens^  Bryol.  Eur.) — First 
Caiion  of  the  Gallatin,  September  IS. 

Hypnum  giyanteum^  Sehimp. — Upper  T^ton  Caiion,  July  26. 

Hypnum  unmnatum,  Hedw. — ^T6ton  Caiion,  July  24  :  Yellowstone  Val- 
ley, August  23;  First  Canon  of  the  Gallatin,  September  18. 

Hypnum  fiuitanSj  L.— Jackson's  Lake,  September. 

Hypnum  aduncum,  Hedw. — ^Yellowstone  Lake,  August  23. 

Hypnum  salehromm^  HofFm.,  (Brachythecium  salebrosum,  Bryol.  Eur.) — 
Upper  T6ton  Caiion,  July  26. 

Hypnum  Iwtum,  Brid. — Yellowstone  Valley,  August  23. 

Hypnum  rivulare^  Bruch.,  {Brachythecium  rivulare,  Bryol.  Eur.) — Upper 
T6ton  Canon,  July  26. 

Hypnum  Nuttalliij  Wils.,  {LesJcea  Californica^  Hampe  in  Linaea,  1859, 
p.  460.) — T6ton  Canon,  July  24 ;  First  Caiion  of  the  Gallatin,  Septem- 
ber, 18. 

Hypnum  riparium,  L.,  (Amhlystegium  riparium^  Bryol.  Eur.) — ^Yellow- 
stone Valley,  August  23 ;  Fire-Hole  Basin,  September. 

Hypnum  riparium^  L.,  var. — Snake  River  Valley,  July. 

Hypnum  filicinum^  L. — First  Caiion  of  the  Gallatin,  September  18. 

Hypnum  irriguum^  Wils.,  var.  fallaxj  Brid. — Near  Fort  Hall,  Idaho, 
July  5, 

HEPATIOiE. 

Biccia  crystalUna^  L. — T6ton  Caiion,  July  26. 

Marchantia  polymorpha^  L.— Henry's  Fork  of  Snake  River,  July; 
Shoshone  Lake,  September  6. 
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Fegatella  canica,  Corda. — Upper  T^ton  Canon,  July  28;  Lower  Fire- 
Hole  Basin,  August. 

LICHENS. 

Determined  by  Henry  Willey,  Esq. 

[The  order  is  that  of  Tuekerman's  Genera  Li^lienumA 

jEcernia  vulpuia,  Wulf. — On  trees  at  the  Grjind  Falls  of  the  Yellow- 
stone.   Fertile.  (1.) 

Usnea  trichodea^  Ach. — In  some  of  the  specimens  the  fibrils  are  tipped 
with  minute  .black  points  resembling  spermogones,  but  no  spermatia 
could  be  detected.  (2.) 

Alectoriajiihata,  Fr. — Shoshone  Lake,  September.    Infertile.  (3.) 

Alectoria  jubata^  Fr.,  var.  implexa^  Fr. — On  branches  of  Coniferse. 
Infertile.  (3a.) 

Thelosclmtes parietinus^  (L.  Desf.)  Nyl.,  var.  lychneits^  Scbaer. — On  dead 
wood,  Jackson's  Lake,  September.  (4.) 

Parmelia  saxatUiSj  Ach. — Fragments.    Infertile.  (5.) 

Parmelia  conspersa^  Ach. — Infertile  fraguients.  (6.) 

Parmelia  physodeSj  Ach. — On  branches.  (7.) 

Parmelia  oUvacea^  Ach.,  var.  exa^perata^  (D.  N.) — Very  small  and  scanty 
specimens  on  dead  wood.  (8.) 

Umbilicariapoli/phyllay  Hoffm. — Shoshone  Lake.  September.  Infertile. 
(9.) 

Umbilicarla  cylindrical  Ach.  (!) — Infertile.  (10.) 

Umbilicaria  hirsuia^  Ach. — Infertile.  (II.) 

TJmbilicaria  ru(jifcra^  Nyl. — T^ton  Mountains,  elevation  12,000  feet, 
July  29.  (12.) 

Peltigera  aphthosay  Hoffm. — Mystic  Lake,  near  Fort  Ellis,  Montana, 
July.  (13.) 

Pelti{jiera  canina,  Hoffm. — ^T^ton  Caiion  j  hot  springs,  and  elsewhere. 
(14.) 

Peltigera  canina^  Hoffm.,  var.  ^uriu^  Ach. — T^ton  Canon.  (14  a.) 

Solorina  saccata^  Ach.,  var.  spongiosa,  Nyl. — On  the  earth  among  Al- 
gje ;  Canon  Creek,  Idaho,  September.  (14Z>.) 

Placodlum  cladodes,  Tuckerm. — Teton  Mountains.    Infertile.   (15.) 

Placodium  coralloideSj  Tuckerm. — T^ton  Canon,  (IG.) 

Placoditim  murormn^  (Hoffm.,)  D.  C. — The  specimens  are  numerous. 
(17.) 

Placodium  mtirorum  D.  C,  var.  citrinunij  (Ach.)  Nyl. — With  the 
above,  but  less  abundant.  (17a.) 

Placodium  callopismum;  Ach. — The  specimens  are  numerous.  (18.) 

Placodium peliophylluin,  Tuckerm.,  (Genera,  p.  108.) — Thallus  crustace- 
ous  and  white  at  the  center,  at  the  circumference  laciniate  linear  mul- 
tifid,  glaucous  fuscescent.  Apothecia  central  crowded,  the  margin  en- 
tire, disk-plane  white,  pruinose,  cracked.  Paraphyses  articulate.  Hy- 
menial  gelatine  blue  with  iodine.  Spores  polar-bilocular,  .010-21  min. 
long,  .008-10  min.  wide.    On  rocks.  Fort  Ellis,  Montana.  (19.) 

The  specimens  are  scanty,  but  I  venture  to  refer  it  as  above,  though 
I  have  only  seen  the  brief  description  cited. 

Placodium  variabiles  (Pers.,)  NyL(?) — ^Thallus  tartarious,  rimose  areo- 
late,  whitish.  Apothecia  sessile,  the  disk  black.  Spores  polar-bilocular, 
.015-18  min.  long,  .007-9  min.  wide.  (20.) 

The  single  fragment  is  very  small,  and  hardly  sufficient  for  satisfac- 
tor3'  determination. 
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Placodium  viiellinum,  (Bhrb.,)  Ach. — Oa  dead  wood.  (21.) 

Placodium  luteo-miniuMy  Tuckerm.  Lich.  Calif.,  p.  18. — A  small  Placo- 
dium growing  among  mosses,  which  seems  referable  here.  (22.) 

Placodium ^  (I) — A  few  scattered  apothecia  with  a  plane  ferru- 

gineous  disk,  in  rocks  among  other  lichens,  not  sufficient  for  determina- 
tion. (23.) 

Lecanora  ruhinay  Ach.,  var.  peltata^  D.  0.  (24.) 

Jjecanora  rubina,  Ach.,  var.  opaca,  Ach.— The  specimens  of  both  these 
varieties  abundant.  (24a.) 

Lecanora  muralis,  (Schreb.)  Schaer.  (25.) 

Lecanora ,  (t)  (26.) 

Lecanora ,  (!)  (27.) 

These  two  lichens  belong  to  the  section  Squamaria^  but  I  am  unable 
to  identify  them  from  the  scanty  fragments.  The  thallus  resembles 
that  of  L.  cartilagiiieay  as  described,  but  the  apothecia  are  like  those  of 
L.  subfusca ;  in  the  one  with  a  convex,  rufous  fuscous  disk  and  entire 
margin  ]  in  the  other  with  a  plane,  black  disk  and  flexuous  margin. 
Spores  simple,  .012-15  min.  long,  one-half  as  wide.  Both  are  perhaps 
ibrms  of  the  same  plant. 

Lecanora  auhfusca^  Ach. — On  stones  and  dead  wood.  (28.) 

Lecanora  varia^  Fr. — On  dead  wood.  (29.) 

Lecanora  Hageni^  Ach. — On  stones.  (30.) 

Lecanora  cinerea,  L.,  var.  Soffmanni,  Ach. — Some  of  the  specimens 
have  a  plicate  crust,  but  seem  not  separable.  (31.) 

Lecanora  rhagadiosa^  Ach.  {Acaraspora  8cabra,Th.  Fr.  Scand.,  p.  208.) — 
Red  Mountain,  elevation  9,000  feet,  ^evv  to  this  continent,  and,  with 
Lecidia  majnillaris  mentioned  below,  an  interesting  addition  to  the  few 
lichens  common  to  only  the  western  slope  of  North  America  and  Europe. 
(32.) 

Lecanora  xantJwphanaj  Nyl. — On  rocks.  (33.) 

Lecanora  chlorophana^  (Wahl.)  Ach. — On  rocks. 

Lecanora  Schleicherij  (Ach.,)  N^i. — On  the  earth,  the  specimens  scanty. 
(35.) 

Lecanora  cervina^  (Pers.,)  Somf.,  var.  glaucocarpa^  Somf.  (35.) 

Lecanora  cervina^  (Pers.,)  Somf.,  var.  squamulosa^  Fr. — Some  of  the 
specimens  have  prominent  brownish  black  spermogones  with  minute 
spermatia,  .002  min.  long.  (36a.) 

Lecanora  cervina,  (Pers.,)  Somf.,  var.  glebora,  (Kbv.) — The  specimens 
are  numerous,  some  of  them  approaching  the  var.  disacta,  Fr.  {36b.) 

Lecanora  ,  (1)  Thallus  areolate  verrucose,  caesius  pruinose. 

Apothecia  immersed,  1  to  3  in  the  areoles,  the  disk  plane,  black  or 
white  pruinose.  Thekes  myriosphorous.  Spores  elliptical,  .005-.006 
min.  long,  one-half  as  wide.  On  rocks  with  the  preceding,  from  which 
it  is  perhaps  distipct.  (37.) 

Rinodina  sopliodes,  (Ach.,)  var.  exigua,  Kyi. — On  dead-wood.  (38.) 

Binodina  BiscJiofiiy  (Ilepp.,)  Kbv. — On  rocks.  (39.) 

Cladonia  pyxidata^  Fr.  (40.) 

Cladonia  gracilis,  Fr.,  var.  verticillata,  Fr.,  Charles  H.  Peck,  esq,  (405.) 

Cladonia  fumhriatay  Fr.  (40a.) 

Cladonia  rangiferinaj  Hoffm.  (41.) 

Cladonia  squamosa^  var.  delicata^  Fr.  Charles  H.  Peck,  esq.,  (41&.) 

Biatora  decipiens,  Fr.  (42.) 

Biatora  luridellaj  Tuckerm.  (43.) 

Lecidea  contigua^  Fr. — A  single  specimen.  (44.) 

Lecidea (!) — A  small  lichen  on  dead  wood,  with  the  luibit  of  L. 

melancheuria,  but  with  larger  spores.  Perhaps  to  be  referred  to  2/.  sabu- 
letorumy  Fr.  (45.) 
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Lecidea  ^ilotaj  Pr. — A  single  specimen.  (46.) 

Leddea  polycarpaj  Flk. — A  single  specimen.  (47.) 

Lecidea  atro-brunnea,  (D.  C.)  Schaer.  (48.) 

Lecidea  fusco-atra^  ( Ach.,)  Ft.  (!) — ^A  single  specimen,  about  which  I 
»m  not  certain.  (49.) 

Lecidea  mamillaris,  (Gonan  Schser.) — On  the  earth.  New  to  this  con- 
tinent. (50.) 

Lecidea  caulescens^  Auz. — A  single  fragment.  (51.) 

Buellia  myriocarpa^  D.  C. — On  dead  wood.  (52.) 

Buellia  petrwa^  (Fl.,)  var.  geminata^  (^y^) — A  single  specimen.  (53.) 

Buellia  petrcea,  (Fl.,)  var.  Montagneij  (D.  C.) — A  single  specimen.  (53a.) 

Acolium (!) — ^Thallus  verrucose,  the  verrucse  turgid,  glaucescent. 

Apothecia  innate-sessile,  on  the  apex  of  the  verrucse,  the  disk-plane 
surrounded  by  a  cupula,  black  proper  exciple,  with  no  traces  of  a  thal- 
lium margin.  Hypothecium  white.  Spores  bilocular,  .004-23  min. 
long,  .009-11  min.  wide.  A  few  specimens  occurred  on  dead  wood. 
Perhaps  a  new  species.  (54.) 

Endocarpon  miniatum^  (L.)  Schs^r.,  var.  compliaatum^  Schaer.  (55.) 

JEJndocarpon  pusillumy  Hedw. — Two  or  three  squamules,  on  the  earth. 
(56.) 

There  are  five  or  six  other  lichens  in  the  collection,  but  infertile  and 
insufficient  for  determination. 

FUNGL 

Determined  by  Charles  H.  Peck,  Esq. 

Agaricus  geophyllus^  Sow. — T6ton  Canon,  July  24. 

Thelephora  tcrrestriSj  Fr. — Along  the  Yellowstone. 

Lycoperdon  pyri/orme^  Schaeff. — Near  Yellowstone  Lake,  August  23. 

Melantsora  salidnaj  Lev. — Head- waters  of  Snake  River,  September  11. 

^cidium  pyrdtum^  Schw. — Head- waters  of  Snake  Riv'er,  September  11. 

Peziza  (Macrapodes)  vulcanalis,  n.  «p. — Cup  fleshy,  funnel-form,  stipi- 
tate,  crenate  on  the  margin,  smooth  tVhen  fresh,  rugolose  and  more  or 
less  brown  when  dry ;  hymenium  pale  orange ;  stem  slender,  solid, 
smooth,  brown ;  asci  cylindrical ;  paraphyses  sUghtly  thickened  at  the 
tips ;  spores  elliptical,  smooth,  0.0004-0.0006  inch  long,  0.0003  inch  broad. 
Plant,  6-10  lines  high ;  cup  4-6  lines  broad.  Ground.  Extinct  vol- 
cano, Snake  River,  July  16 ;  Twin  Buttes. 

Hyst^rium  Pifiasiri^  Fr. — Near  Yellowstone  Lake,  August  23.  On  pine 
leaves  with  the  following  : 

8plhmria{By8si%ed<B)  CovXt€ri^n.8p. — Subiculum  effused,  indeterminate, 
brown ;  perithecia  small,  gregarious,  subglobose,  fragile,  involved  in  the 
subiculum,  the  ostiole  prominent,  naked,  irregular,  rough,  black ;  asci 
fugacious;  spores  uniseriate,  uniseptate,  constricted  in  the  middle, 
colored,  0.0008-0.001  inch  long,  0.0003-0.00035  inch  broad.  Leaves  and 
branchJetsof  pines.  Near  Yellowstone  Lake,  August.  The  soft,  almost 
cottony  subiculum  creeps  extensively  over  the  leaves,  binding  them  to- 
gether in  masses,  and  sometime^  presenting  upon  the  surface  a  shining 
membranous  appearance.  The  perithecia  are  closely  invested  by  it,  the 
rather  large  ostiola  alone  protruding  above  it.  Dedicated  to  its  dis- 
coverer, J.  M.  Coulter. 

Olavaria  formosa,  Pers^— Jackson's  Lake,  September. 

Oeaster  hygrometricus,  Pers. — No  locality. 

Zygnemafontana,  (?) — Common  in  Henry's  Pork  of  Snake  River. 
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REPORT  ON  ASTRONOMY  AND  HYPSOMETRY. 

By  Henry  Ganji^ett,  M.  £. 

Washington,  D.  C,  April  11, 1873. 

Sir  :  I  have  the  honor  to  submit  to  you  the  following  report  on  the 
astronomical,  hypsometrical,  and  meteorological  work  of  the  United 
States  Geological  Survey  of  the  Territories  during  the  season  of  1872. 

The  field-work  of  the  Yellowstone  division  was  conducted  by  myself, 
assisted  by  Professor  B.  B.  Wakefield,  of  Hiram  College ;  Mr.  A.  E. 
Brown,  and  Mr.  T.  O'C.  Sloane. 

The  field-work  of  the  Snake  River  division  was  conducted  by  Mr. 
Rudolph  Hering,  assisted  by  Messrs.  Thomas  W.  Jaycox  and  W.  A. 
West.  Mr.  William  Nicholson  was  stationed  at  Fort  Hall  through  the 
summer  taking  baix)metric  observations.  During  the  winter  he  has  as- 
sisted me  in  the  office-work. 

Mr.  Hering  left  the  survey  early  in  the  spring,  shortly  before  his  re- 
port was  completed.  I  have  finished  it,  and  present  it  in  as  complete  a 
form  as  possible. 

The  meteorological  observations  at  Fort  Hall,  and  at  the  camps  of  the 
two  divisions,  I  have  thought  best  to  print  in  a  volume  separate  from 
the  report,  putting  in  the  report  only  a  few  deductions  from  them. 

I  would  express  my  thanks  for  assistance  received  from  the  United 

States  Coast  Survey,  the  Navy  Department,  the  Signal  Service  of  the 

United  States  Army,  Captain  J.  E.  Putnam,  at  that  time  in  command 

at  Fort  Hall,  and  to  General  J.  E.  Blaine,  surveyor-general  of  Montana. 

I  am,  sir,  very  respectfully,  yours, 

HENRY  GANNETT. 

Dr.  F.  V.  Ha,yden, 

United  States  Geologist 


The  astronomical  instruments  placed  at  my  disposal  were:  an  astro- 
nomical transit,  belonging  to  the  United  States  Coast  Survey,  of  one 
and  a  half  inches  aperture  and  sixteen  inches  focal  length;  'a  zenith 
telescope  belonging  to  the  United  States  Coast  Survey ;  two  sextants 
aud  artificial  horizons;  a  box-chronometer  rated  on  sidereal  time;  two 
j)ocket-chronometersj  the  property  of  the  United  States  Navy,  rated  on 
mean  time. 

Of  these,  a  sextant  and  horizon  and  one  of  the  pocket-chronometers 
were  put  in  charge  of  Mr.  Hering  for  use  in  the  Snake  River  division. 
The  chronometer  ran  very  badly,  stopping  on  several  occasions,  of 
course  making  longitude  determinations  by  it  worthless.  I  append  the 
list  of  latitudes. 

The  pocket-chronometer  taken  by  me  got  out  of  order  while  at  Fort 
Ellis,  and  was  of  no  use  on  the  trip. 

The  latitude  of  Fort  Hall  was  determined  with  the  zenith  telescope 
by  observations  on  five  pairs  of  stars  on  three  nights.  The  result,  with 
aprobable  error  of  C.80,  is  given  below. 

Having  been  disappointed  in  my  plans  for  determining  longitude  by 
telegraph,  where  the  telegraph  was  available,  I  was  compelled  to  resort 
to  moon  culminations,  whenever  the  time  permitted. 
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At  Fort  Hall  I  observed  through  one  lunation,  obtaining  seven  cul- 
minations, which  gave  the  result  submitted  below,  with  a  possible  error 
of  7.4  seconds. 

The  latitude  of  Fort  Ellis,  and  of  all  other  stations  besides  Fort  Hall, 
was  determined  with  the  sextant,  by  observations  on  Polaris  and  a  south 
star,  whenever  possible,  and  on  the  sun  whenever  the  movements  of  the 
party  permitted. 

For  the  determination  of  the  longitude  of  Fort  Ellis,  I  succeeded  in 
obtaining  only  two  moon  culminations.  I  have  adopted  the  longitude 
given  by  chronometer  in  preference. 

The  longitudes  of  the  other  stations  in  the  list  of  astronomical  posi- 
tions appended  depend  on  observations  with  the  sextant  on  the  east 
and  west  stars,  or  on  the  sun,  and  the  rate  of  the  chronometer.  This 
has  been  exceptionally  good,  having  lost  from  observations  made  at 
Salt  Lake  City  at  the  beginning  and  end  of  the  trip,  by  2  minutes,  13.65 
seconds,  between  May  28  and  October  29.  Its  rate  was  checked  during 
the  season  by  returning  to  Fort  Ellis,  the  Three  Forks  of  the  Missouri, 
and  Fort  Hall,  and,  in  all  cases,  was  found  to  be  very  uniform. 

YELLOWSTONE  DIVISION. 

List  of  astronomical  positions. 


Fort  HaU,  Idaho, 

Virginia  City,  Mout.,  (United  States  signal-service  office) 

Eort  Ellis,  Mont.,  (camp  1) 

Helena,  Mont.,  (surveyor-general's  office) 

Camp  3 

Camp  4,  Bottler's  Ranch ;.. 

Camp  5 

Camp  6 

Mouth  of  Gardiner's  River,  northern  boundary  of  Yellow- 
stone National  Park 

White  Mountain  Hot  Springs,  (camp  7) - 

Camp  8 

Camp  9 

Yellowstone  Falls,  (camp  11) 

Camp  12 

Head  of  Yellowstone  River,  at  lake ,. 

Camp  13- 

Lower  Geyser  Bas^n,  (camp  14) 

Camp  15 

Camp  16 

Camp  17 

Camp  18 

Camp  19 

Camp  21 

Camp  22 

Camp  25 

Three  Forks  of  the  Missouri,  (camp  27) 

Camp  28 

Camp  35 

Camp  36 

Camp  39 

Camp  41 -. 

Camp  42 

Camp  43 

Camp  44 - 

Western  boundary  of  Yellowstone  National  Park 

Southern  boundary  of  Yellowstone  Nat'l  Park,  (approx). 
Eastern  boundary  of  Yellowstone  Natl  Park,  (approx).. 


6) 


o  t         ft 

43  8  54.98 

45  19      1.5 

45  40  40 

46  35  36.8 
45  26  20.6 
45  19  58 
45  12  27.  L 
45  4  52.9 


45  2 

44  58 

44  59 

44  56 

44  44 

44  36 

44  32 

44  35 

44  34 

44  38 

44  41, 

44  48 

44  52 

44  50 

45  7 
45  13 
45  39 
45  55 
45  47 
45  14 
45  10 
45  34 
45  44 
45  51 

45  58 

46  1 


2 

31.2 
27.8 

8.2 
17.1 
26.3 
47.3 
35.4 
30.6 
32.2 
30.2 
15.7 
47.4 
43.3 
35.3 

4.1 
19.4 
51 

5L3 
51.1 
58.6 

8.1 
14.4 
56 
19 
17 


44   9  30 


o 


110 
110 
110 
110 
110 

no 

110 
110 
110 
110 

111 
111 
111 

HI 

111 
111 
111 

HI 

111 
111 
111 

110 
110 
110 

111 
111 
111 


tf 


112  6  20 

111  56  99 

111  0  l9 

111  52  45 

110  46  5S 

110  50  15 

110  56  30 

110  50  26 


43  15 

43  35 
36  39 
30  10 
3:i  46 

32  27 
3»  14 
50  £ 
55  15 
58  54 

6  5S 

23  45 

26  36 

33  27 

44  0 
50  12 
40  40 

34  6 
16  31 
21  46 
12  5 
39  10 
58  23 
58  42 
10  15 
29  «) 
14  S3 
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The  magnetic  variation  was  determined  by  observing  the  azimuth  of 
Polaris  with  the  gradienter,  an  instrument  reading  to  minutes ;  the  re- 
snlts  are  to  be  depended  on  to  that  degree  of  precision.  I  append  the 
list: 


Date. 


Placo  of  observation. 


July  12,  187-2 

JqIv  iJT,  1872 

Aug.    7,  1872 

Ang.  ir»,  1872 

Aug.  31,  1872 

Sept.    9,  1872 

Sept.  23,  1872 

Oct.    12,  1872 


Fort  Ellis 

White  Mountain  Hot  Springs 

Yellowstouo  Falls 

Lower  Geyser  Basin 

Mouth  of  Indian  Creek 

Virginia  City  *" 

Gallatin  City 

Heiul  of  Gallatin,  (latitude  45^  15') 
Helena 


Mag.  var., 

east. 

o 

/ 

19 

41 

19 

17 

19 

0 

18 

29 

19 

22 

19 

15 

19 

•31 

19 

9 

19 

59 

*  Given  mo  by  Mr.  Corbett,  of  Virginia  City,  United  States  Dep.  Min.  Sur. 

The  instruments  placed  at  my  disposal  for  hypsometric  and  meteoro- 
logical Tvork  were  six  of  Green's  cistern  barometers,  two  of  these  being 
single  and  four  of  them  double,  vernier  barometers,  with  a  sufficient 
supply  of  wet. and  dry  bulb  and  maximum  and  minimum  thermometers, 
and  a  good  supply  of  aneroids. 

I  decided  upon  Fort  Hall,  Idaho,  and  Virginia  City,  Montana,  as 
suitable  and  available  base-stations.  The  altitude  of  the  former  place 
was  determined  by  coincident  observations  at  this  point,  and  Ogden, 
Utah,  (the  elevation  of  which  was  taken  from  railroad  levels,)  for  three 
weeks  during  the  month  of  June ;  that  of  Virginia  City,  by  coincident 
observations  between  that  point  and  Fort  Hall,  during  the  months  of 
June,  July,  August,  and  September. 

The  base  observations  at  Fort  Hall  were  made  by  Mr.  Wm.  Nichol- 
son, of  the  survey.  They  were  made  hourly  from  7  a.  m.  to  9  p.  m., 
during  the  whole  time  that  the  parties  were  in  the  field. 

The  United  States  signal-service,  through  its  sergeant  observer  at 
Virginia  City,  Mr.  A.  B.  Knight,  kindly  allowed  me  the  use  of  the  obser- 
vations taken  there,  for  hypsometric  purposes,  modifying  slightly,  to 
suit  my  wishes,  their  method  of  observation.  One  of  the  single  vernier 
barometers,  with  dry  and  wet  bulb  and  maximum  and  minimum  ther- 
mometers, was  left  at  Fort  Hall,  for  Mr.  Nicholson's  use.  I  gave  to 
Mr.  Hering,  who  took  charge  of  this  work  in  the  Snake  Eiver  division, 
two  of  them,  with  the  other  necessary  instruments,  and  reserved  the 
others  for  use  in  the  Yellowstone  division. 

Aneroids  have  been  used  considerably,  especially  where  closely  accu- 
rate results  were  not  required,  and  have  been  found,  if  compared  daily 
with  the  mercurial  barometers,  and  carefully  used,  to  be  sufflpiently 
Accurate  for  the  purposes  for  which  they  were  emi)loyed. 
,  I  have  paid  some  attention  to  elevations  of  the  water-level  of  streams, 
pot  onl3'  lor  getting  the  rate  of  fall,  which  may  be  of  use  for  purposes 
tof  irrigation,  &c.,  but  as  indicating  what  may  be  called  the  water-con- 
Itour  of  the  country,  whichwcertainly  expresses  the  general  elevation  of 
jthe  country  better  than  any  other  class  of  observations. 

As  the  question  of  the  locatioH  of  a  railroad  from  some  point  on  the 
Central  Pacific  Bailroad  to  the  settled  portions  of  Montana  is  now  of 
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much  interest,  I  paid  considerable  attention  to  that  portion  of  the  route 
up  Henry's  Fork  of  the  Snake  River,  over  Raynold's  Pass  and  down  the 
Madison,  a  route  which  has  recently  begun  to  attract  attention,  over 
which  we  traveled ;  t.  c,  from  the  valley  of  Henry's  Lake  over  Ray- 
nold's  Pass,  and  thence  down  the  Madison  River  to  the  Three  Forks  of 
the  Missouri.  The  route  pursued  by  our  train  down  the  Madison,  from 
the  foot  of  the  Middle  Canon,  is  by  no  means  the  easiest  route.  A  rail- 
road can  follow  closely  the  bank  of  the  river  with  little  expense  from 
this  point  to  the 'head  of  the  Lower  Caiion  at  Meadow  Creek. 

The  valley  of  Henry's  Lake  is  broad  and  perfectly  level,  but  very 
swampy  near  the  lake.  A  road  cominjj  up  Henry's  Fork  of  the  Snake, 
would  make  a  sweep  around  the  lake,  keeping  at  a  distance  of  aboat  a 
mile  from  it  on  the  east  side.  The  summit  of  Raynold's  Pass  can  be 
reached  by  easy  grades  of  not  more  than  60  feet  per  mile,  without  any 
cutting.  The  pass  is  very  broad,  with  perfectly  smooth  approaches  on 
both  sides.  The  Madison  Valley  here  is  terraced.  From  the  head  of 
the  pass  the  level  of  the  river  can  be  reached  in  twelve  miles,  at  which 
point  the  valley  contracts  by  a  grade  not  exceeding  75  feet  per  mile. 
The  valley  is  narrow  for  three  to  four  miles,  with  several  spurs  crossing 
it  and  extending  to  the  river,  but  which  can  be  avoided  by  keeping 
close  to  the  river,  which  involves  some  embankment.  Below  this  the 
valley  opens  again,  with  a  perfectly  level  bottom,  which  extend.s  to  the 
head  of  the  Lower  Caiion,  at  Meadow  Creek,  and  here  the  only  difficul- 
ties on  this  route  will  be  met.  The  fall  of  the  Madison  from  the  foot  of 
the  Middle  Caiion  to  this  point  averages  23  feet  per  mile.  The  Lower 
Caiion  is,  from  information  which  I  have  gathered  from  reliable  sources, 
impassible  for  a  railroad,  nearly  so,  even,  for  men  on  foot.  To  pass 
around  it,  the  road  must  cross  the  divides  between  Meadow  and  Hot 
Spring  Creeks,  and  between  Hot  Spring  and  Cold  Spring  Creeks,  neith- 
er of  them  higb,  but,  so  far  as  I  know  them,  involving  grades  too  steep 
for  a  railroad  to  surmount,  except  at  heavy  expense  in  cutting,  as  is  in- 
dicated in  the  elevations  and  distances  on  this  route  given  below.  The 
stage-road  crosses  the  divide  between  Meadow  and  Hot  Spring  Creeks, 
farther  up  from  the  mouth,  by  a  better  route,  but  I  have  no  data  con- 
cerning it.  Still  farther  from  the  river  the  divide  rises  higher  and  more 
abruptly. 

The  elevation  of  Yellowstone  Lake,  as  well  as  that  of  several  other 
points,  as  determined  by  my  observations  this  year,  will  be  seen  to  differ 
materially  from  that  given  in  the  report  of  the  survey  for  1871.  This 
difference  arises  from  the  want  of  a  barometric  base  for  the  work  of 
1871,  the  observations  being  referred  directly  to  the  sea-level.  In  the 
case  of  Yellowstone  Lake,  synchronous  observations  were  taken  at  But- 
ler's Ranch,  but  they  were  not  used  as  base  observations.  Making  use 
of  these,  they  give  the  same  result  that  I  obtain. 

For  the  computation  of  elevations,  Guyot's  tables  have  been  used. 

The  elevations  are  given  in  feet  above  the  level  of  the  sea  unless 
otherwise  indicated. 


GEOLOGICAL  SURVEY  OP  THE  TERRITORIES. 


799 


Camps  of  Yellowstone  division. 


a 


1 
2 
3 
4 

5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
S2 
23 
24 
25 
26 
87 
28 
2D 
30 
31 
33 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 


Date. 


Location. 


Jane  30  to  Jnly  20 
July  20  to  July  21 
July  21  to  July  22 
July  22  to  July  24 
July  24  to  July  25 
July  25  to  July  20 
July  26  to  July  29 
July  29  to  July  30 
July  30  to  Aug.  4 
Aug.  4  to  Aug.  5 
Aug.  5  to  Aug.  9 
Aug.  9  to  Aug.  13 
Aug.  13  to  Aug.  14 
Aug.  14  to  Aug.  19 
Aug.  19  to  Aug.  21 
Aug.  21  to  Aug.  22 
Aug.  22  to  Aug.  25 
Aug.  25  to  Aug.  27 
Aug.  27  to  Aug.  29 
Aug.  29  to  Aug.  30 
Aug.  30  to  Sept  1 
Sept.  1  to  Sept.  2 
Sept  2  to  Sept  6 
Sepi  6  to  Sept  7 
Sept.  7  to  Sept  8 
Sept  8  to  Sept  9 
Sept  9  to  Sept  10 
Sept  10  to  Sept  11 
Sept  11  to  Sept  14 
Sept.  14  to  Sept  15 
Sept  15  to  Sept  16 
Sept  16  to  Sept  18 
Sept  18  to  Sept  19 
Sept  19  to  Sept  20 
Sept  20  to  Sept  25 
Sept  25  to  Sept  26 
Sept  2C  to  Sept  27 
Sept  27  to  S«pt  30 
Sept  30  to  Oct  2 
Oct  2  to  Oct  3 
Oct  3  to  Oct  4 
Oct  4  to  Oct  5 
Oct  5  to  Oct  7 
Oct  7  to  Oct  9 
Oct  9  to  Oct  11 
Oct  II  to  Oct  12 
Oct  12  to  Oct  13 
Oct  13  to  Oct   15 


Ou  East  Gallatin,  one-quarter  mile  north  of  Fort  Elli» 

Rock  Creek,  on  road  to  Butler's  Ranch 

Eight-Mile  Creek,  on  road  to  Butler's  Ranch 

Butler's  Ranch 

Mouth  of  Cafion  Creek 

At  "Devil's  Slide" 

Near  White  Mountain  Hot  Springs 

On  Blacktail  Deer  Creek 

On  Meadow  Creek,  near  bridge 

On  plateau  above  Grand  Caflon   * 

On  Cascade  Creek,  near  the  falls 

At  Mud  Springs 

On  East  Fork  of  Fire-IIoIo 

Lower  Greyser  Basin 

Mouth  of  Gibbon's  Creek 

On  Madison  River 

At  mouth  of  East  Fork  of  Madison 

In  middle  of  Second  CaQon  of  Madison 

At  foot  of  Second  Canon 

Madison  River 

Mouth  of  Indian  Creek 

Madison  River 

do 

Meadow  Creek 

Cold  Spring  Creek 

Madison  River 

Near  Three  Forks  of  Missouri 

On  West  Gallatin,  at  Cockrel's  Bridge 

Near  camp  1 

On  Bozeman  Creek,  near  its  exit  from  hills 

On  West  Gallatin 

On  West  Gallatin,  at  foot  of  cafion 

On  West  Gallatin,  in  middle  of  caikon 

On  West  Gallatin,  at  head  of  caiion 

On  West  Gallatin 

Near  top  of  divide  between  Yellowstone  and  Gallatin  Rivers 

On  Rock  Creek,  near  Yellowstone 

Near  Butler's  Ranch 

On  Trail  Ci'eok,  at  Pease's  Ranch 

On  Divide  Crock 

On  a  branch  of  Bridger  Creek 

At  head  of  Southwest  Branch  of  Shield's  River 

On  Pass  Creek,  near  Flathead  Pass 

On  Missouri,  at  Horseshoe  Bend 

On  Gallatin  River,  near  Gallatin 

Near  mouth  of  Dry  Creek 

On  East  Gallatin 

Near  Bozeman 


a 

o 

e3 
> 


4,935 
5,639 
5,282 
5,086 
5,101 
5, 348 
0,529 
6,570 
6,236 
8,162 
7,979 
7,712 
7,207 
7,252 
6,811 
6,605 
6,568 
6,570 
6,309 
5,753 
5,  524 
5,214 
5,027 
4,932 
4,789 
4.362 
4,132 
4,512 
4,947 
5,243 
5,317 
5,241 
5,589 
5,926 
6,153 
8,P28 
5,894 
4,996 
4,650 
4,767 
5,572 
5,946 
5,715 
3,969 
4,049 
4,378 
4,503 
4,842 


I 


S 


00 

p 

o 


o 

a- 


Miles. 

""b" 

18 

9 
10 
10 
12 
10 
10 
15 

5 
10 
19 

5 

8 
13 
13 
13 

6 
16 
12 
10 

2 
14 
16 
12 
13 
18 
17 

6 
13 

5 

8 

9 

6 
11 
12 

9 
19 
12 
13 
IC 
18.5 
20. 5 

7.6 
16.7 
12 

7.2 


Heights  of  peaks  and  divides, 

MouDt  Bechler,  near  Ogden,  Utah : 

Monnt  Patnara,  near  Fort  Hall,  Idaho 

Bridger'sPeak 

Mount  Ellis 

Electric  Peak 

Moant  Washbom 

Mount  Blackmore 

Liberty  Peak 

Mount  Delano 

Old  Baldy,  near  Virginia  City 

Ward's  Peak 

Peak  in  second  ca&on  of  the  Madison 

Peak  in  second  cafion  of  the  Madison 

Peak  in  second  cafion  of  the  Madison,  near  Henry's  Lake... 


Elevation. 

*9, 716 

8,854 

9,002 

8,419 

10,992 

10,388 

10,134 

9,162 

10,200 

9,711 

10,371 

10,  111 

10,329 

•9, 466 
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Heights  of  peaks  and  divides — ^Continued. 

ElevativL 

Peak  in  fiocond  cailon  of  the  Yellowstone 9,478 

Divide  between  the  Yellowstone  and  Gallatin,  on  Bannock  trail 9, 317 

Eaynold's  Pass 6,911 

Red  Rock  Pass 7,271 

TygheePass 7,063 

Flathead  Pass 6,769 

Divide  between  Jefferson  and  Madison,  on  road  from  Virginia  City  to  the 

Madiron,  at  English  George's  Ranch 7,161 

Union  Pass,  Bridger  Range •7,283 

Divide  between  Yellowstone  and  Gallatin  Rivers,  on  road  from  Fort  Ellis 

to  Butler's  Ranch *6,(iS4 

Divide  between  the  Yellowstone  and  Gallatin,  on  the  road  from  Bozeman  to 

the  Crow  agency '5, 721 

Divide  on  Mount  Washburn ,  where  the  trail  crosses •§,  155 

Divide  between  Clark's  Fork  and  the  Rosebud '8,736 

Divide  between  the  Yellowstone  and  Madison,  on  the  trail  from  the  Mud 

Geysers  to  the  Lower  Gey'ser  Basin •8,164 

Divide  between  the  head  of  Bridger  Creek  and  that  of  the  west  fork  of 

Shield's  River '. -6,046 

Yellowstone  Lake 7,7Sb 

Henry's  Lake 6,443 

Mystic  Lake 6,4^ 

*  Measured  by  aneroid. 

Timber-lifie. 


On  Electric  Peak 

On  Mount  Washburn 

On  mountains  in  Middle  Cafion  of  Madison. 

On  Ward's  Peak 

On  Mount  Blackmore .'. . 

On  Mount  Delano 

On  Bridger's  Peak 


Latitude. 


44  58 

44  48 

45  0 
45  30 
45  26 
45  32 
45  47 


Elevation. 


•9,442 
•9,900 
•9,36t 
•9,156 
•9,550 
•8,7S4 
•9,002 


*  Measured  by  aneroid. 

Elevation  of  White  Mountain  Hot  Springs,  from  6,278  to  7,035  feet: 
boiling-point,  200O.9  to  1990.5. 

Elevation  of  Mud  Geysers,  7,756  to  7,800  feet ;  boiling-pointy  198^.5. 

Elevation  of  springs  at  Crater  Hills,  7,828  to  7,979  feet :  boiling-point, 
1980.2. 

The  Geyser  Basins  are  very  flat;  the  range  of  elevation  in  the  area 
occupied  by  the  springs  and  geysers  not  exceeding  100  feet  in  each 
basin. 

Elevation  of  the  Lower  Geyser  Basin,  7,250  to  7,350  feet ;  boilin£- 
poiut,  1990.3. 

Elevation  of  the  Upper  Geyser  Basin,  7,300  to  7,400  feet ;  boiling- 
point,  199o. 

Sulphur  springs  on  the  divide  between  the  Yellowstone  and  Gallatin, 
on  the  trail  from  the  Mud  Geysers  to  the  Lower  Geyser  Basin,  elevation, 
8,246  feet.    Boiling-point  at  Yellowstdue  Lake,  198<=>.l. 
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List  of  elevations  on  Yellowstone  River. 


Miles  from 
month  of 
Shield's 
River. 


Elevation. 


Fall  per 
mile. 


At  Yellowstone  Lake 

At  Mad  Geysers 

At  top  of  upper  falls 

Height  of  npper  falls,  140  feet. 
Top  of  lower  falls 

Height  of  lower  falls,  397  feet. 

Month  of  Tower  Creek 

At  bridge,  month  of  East  Fork .... 

Month  of  Gardiner's  River 

At "  Devil's  Slide" 

Month  of  Cafiou  Creek 

At  Butler's  Ranch 

At  head  of  Lower  Cafion 


105.5 
99.5 
90.5 

90.0 

77.0 
74.0 
54.0 
48.0 
38.0 
28.0 
8.0 


7,788 
7,705 
7,693 

7,485 

6,207 
5,978 
5,360 
5,160 
5,058 
4,985 
4,643 


Feet. 


13.8 
1.3 

136.0 

67.8 
76.3 
30.9 
3.3.3 
10.2 
7.3 
17.1 


Elevations- on  the  East  Fork  of  the  Yellowstone. 


Miles  from 
forks. 


Elevation. 


Fall  per 
mile. 


Month  of  Slongh  Creek a. 

At  forks  of  East  Fork a. 

a, 
a, 
a. 
a, 
a. 
Head  of  Middle  Branch  of  East  Fork a. 


6 

8 

10 

12 

13 


5,966 
6,286 
6,436 
6,536 
6,586 
6,746 
6,886 
7,586 


Feet, 


25 

50 

75 

80 

140 


(a)  Measured  by  aneroid. 

Ust  of  elevations  on  the  Madison  River. 


Extreme  sonrce,  Madison  Lake,  (Mr.  Hering's 
report.) 

In  Upper  Geyser  Basin 

Mouth  of  East  Fork  of  Fire-Hole 

Mouth  of  Gibbon's  Fork 

At  camp  16 

At  mouth  of  East  Fork  of  Madison 

In  middle  of  second  ca&on 

Three  miles  above  camp  20 

At  mouth  of  Ikidian  Creek 

At  oamp  23,  near  English  George's  Ranch 

At  head  of  Lower  Ct^ou 

At  bridge — 

At  camp  26 

At  mouth 


Miles  from 
mouth. 


170 

160 

148 

142 

129 

116 

103 

81 

66 

55 

41 

23 

13 


Elevation. 


8,301 

7,367 
7,237 
6,808 
6,604 
6,567 
6,348 
5,693 
5,494 
5,026 
4,848 
4,521 
4,356 
4,129 


Fall  per 
mile. 


Feet, 


93.4 
10.8 
7L5 
15.7 
2.8 
16.8 
29.8 
1.3.3 
42.5 
12.7 
18.2 
16.5 
17.5 
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List  of  elevations  on  the  West  Gallatin  River. 


At  forks  of  West  Gallatiu,  near  head,  latitude  45^.. 

At  camp  ST),  in  latitude  45<^  15' 

At  camp  33 

At  camp  32 

At  bridge .. 

Mouth --- 


Miles  from 
month. 


I 


93 

e7 

52 
44 
20 


Elevation. 


«,823 
6,149 
5,58b 
5,215 
4,493 
4,096 


FaU  per 
mile. 


F0tL 


42.1 
37.5 
46.4 
2L8 

19.8 


Miscellaneous  elevations  on  streams. 


East  Gallatin,  at  Fort  Ellis 4,984 

Bridger  Creek^  near  head,  (camp  41) 5,566 

Bridger  Creek,  in  Bridger  Ca&ou *5,Ut)0 

Pass  Creek,  at  foot  of  Flatliead  Pass,  (camp  43) 5,713 

Cottouwood  Creek,  where  it  issues  from  the  mountains 5,433 

Bozeniun  Creek,  where  it  issues  from  the  mountaius 5, 247 

Mi<ldle  Creek,  near  head 6,631 

West  branch  of  Shield's  River,  at  head 5,946 

Head  of  Clark's  Fork  of  the  Yellowstone *8,236 

Head  of  Slough  Creek *7,936 

Slough  Creek,  fifteen  miles  below  mouth  of  Buffalo  Creek *6,366 

Slongh  Creek,  four  miles  more *6,336 

Slough  Creek,  mouth -. ...  •5,986 

Cascade  Creek,  at  camp  11 *7,909 

Height  of  Lower  Falls,  (feet) 132 

Height  of  Crystal  Falls,  on  Cascade  Creek,  (feet) 19S^ 

*  Measured  by  aoeroid. 

On  routes  for  roads  from  tJie  settlements  to  points  of  interest  in  the  Tellow- 

stone  National  Park. 

The  odIj  routes  in  use  at  present  are  the  Yellowstone  and  Maduion 
routes,  neither  of  which  is  at  present  practicable  tor  wagons.  The  for- 
mer, starting  from  Bozeman,  crosses  the  Yellowstone  near  Butler's 
Kanch,  thence  follows  the  river  as  closely  as  may  be.  By  this  route  a 
wagon-road  already  extends  to  the  mouth  of  CaiioTi  Creek,  which  in  the 
latter  part  of  July  was  18  inches  deep  and  60  feet  wide. 

In  the  second  canon,  the  mountains  which  form  the  west  wall  come 
down  to  the  water's  edge,  very  steep  and  rugged,  and  the  passage  of  it 
with  a  wagon-road  will  involve  considerable  outlay  in  blasting  and  em- 
bankment. The  east  side  is  comparatively  easy  of  passage,  but  this 
would  involve  throwing  two  bridges  across  the  river,  which  is  here,  at 
the  lowest  stage  of  the  water,  500  feet  in  width.  This  canon  is  about 
eight  miles  in  length,  three-fourths  of  which,  however,  present  no  great 
obstacle  to  a  road.  Above  this  caiion  the  valley  is  level  and  open,  with 
no  timber  as  far  as  the  foot  of  the  third  canon,  at  the  mouth  of  Gardi- 
ner's Kiver.  From  this  point  to  the  Hot  Springs,  on  Gardiner's  River, a 
distance  of  about  seven  miles,  a  road  can  easily  be  made,  though  it 
must  cross  two  high  spurs  from  Sepulchre  Mountain. 

The  trail  up  the  Yellowstone  crosses  GardinerV  River  by  a  bridge,  then 
ascends  the  plateau  above  the  third  caiion.  This  ascent  is  very  steep, 
and  a  wagon-road  will  require  much  grading.  On  the  top  the  platean  is 
quite  level,  without  timber.  The  trail  keeps  the  top  of  the  plateaa  as 
far  as  Cach6  Valley,  near  the  mouth  of  East  Fork,  to  which  it  descends 
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by  easy  grades.  Thence  it  follows  the  river  quite  closely  to  Tower 
Creek,  which  it  crosses  just  above  the  falls.  The  descent  to  the  creek 
is  extremely  steep,  and  some  better  point  of  crossing  must  be  dis- 
covered. The  creek  is  in  a  caiion  most  of  its  length,  and  in  the  begin- 
ning of  August  was  about  18  inches  deep  and  50  feet  in  width. 

From  the  mouth  of  Tower  Greek,  southward  for  15  miles,  the  Yellow- 
stone is  in  the  Grand  Gallon,  the  numerous  impassible  cross-caiions  of 
which  require  that  the  trail  keep  back  at  a  cousideral>le  distance  from 
the  river,  passing  round  to  the  west  of  the  summit  of  Mount  Wash- 
barn,  which  is  the  culminating  point  of  the  plateau  of  the  Grand 
Canon.  The  grade  is  easy  and  smooth  up  a  spur  from  the  mountain, 
reaching  at  its  highest  point  nearly  to  the  timber-line  on  the  north  side. 
Passing  round  to  the  west  side  of  the  spur,  the  trail  becomes  very  diffi- 
cult from  fallen  timber,  rock-slides,  and  steep  side-hills. 

From  the  top  of  the  divide  to  the  falls  on  the  plateau  no  dilBculties 
are  met,  except  steep  grades  at  first,  and  some  timber. 

The  crossing  of  Cascade  Greek,  near  the  falls,  involves,  by  the  trail 
which  we  followed,  crossing  a  deep,  narrow  caiion,  difficult  even  for 
pack-animals.  I  have  no  doubt  that  a  better  crossing  can  be  found  two 
or  three  miles  farther  up  the  creek.  Between  this  point  and  Grater 
Hills  are  two  siouglis,  which  extend  several  miles  back  from  the  river. 
At  the  time  when  we  were  there  they  were  about  two  feet  deep,  but 
this  was  at  the  lowest  stage  of  the  water.  From  there  to  Yellowstone 
Lake  there  is  no  difficulty  whatever,  except  from  live  timber. 

We  crossed  to  the  geyser  basins  from  the  mud  geysers.  For  nine 
miles  the  trail  led  through  an  open  country,  nearly  level.  Ttfence  to 
the  top  of  the  divide  we  met  with  a  tolerably  heavy  growth  of  timber. 
On  the  west  side  of  the  divide  the  live  timber  is  very  dense,  while  the 
ground  is  thickly  covered  with  fallen  timber,  making  our  passage  with 
the  train  very  difficult.  This  condition  of  things  extends  for  four  or 
five  miles,  when  the  trail  enters  the  open  valley  of  the  east  fork  of  the 
Fire-Hole  Kiver.  This  valley,  as  far  as  the  mouth  of  the  east  fork,  is 
quite  marshy  in  some  places,  but  little  difficulty  will  be  found  in  locat- 
ing a  hard  road. 

The  route  up  the  Madison  is,  through  the  greater  part  of  the  distance, 
much  easier.  Wagon  roads,  on  both  sides  ot  the  Madison,  already  exist 
from  Virginia  City  to  the  foot  of  the  Middle  Caiion,  within  fifty-live 
miles  of  the  Lower  Geyser  Basin.  These  roads  then  leave  the  Madison, 
and  cross,  by  Reynold's  Pass,  to  Sawtelle's  Eanch,  at  Henry's  Lake. 
The  trail  through  the  Middle  Caiion,  and  thence  to  the  geyser  basins, 
follows  the  east  side  of  the  river.  Wagons  have  been  through  this 
canon,  and  a  slight  outlay  would  suffice  to  build  a  good  road  through 
it.  At  the  head  of  this  caiion  it  will  be  necessary  to  bridge  the  east 
fork  of  the  Madison,  which,  in  the  latter  part  of  August,  was  a  slug- 
gish, winding  stream  about  200  feet  wide  and  2^  feet  deep. 

From  the  Middle  to  the  Upper  Canon  the  valley  is  broad,  flat,  and 
sparsely  timbered. 

The  Upper  Caiion,  in  about  fifteen  miles,  presents  the  only  difficulties^ 
which  are  found  on  this  route.  The  caiion-walls  are  extremely  steep, 
in  some  places  precipitous,  and,  much  of  the  way,  come  close  to  the 
water's  edge,  not  unfrequently  requiring  wading  in  the  river.  Gibbon's 
Fork,  which  enters  the  Madison  in  the  middle  of  the  canon,  must  be 
bridged.  This  stream  is  100  feet  wide  and  2^  feet  deep.  From  this 
creek  up  to  the  mouth  of  the  East  Fork  of  the  Fire  Hole  River  the  trail 
is  obliged  to  keep  back  from  the  river.  It  is  very  rough,  and  badly 
obstructed  by  live  and  dead  timber. 
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To  build  a  road  through  this  canon,  on  this  side  of  the  river,  will  be 
expensive.  The  other  side,  here  the  south  side,  of  the  river  appears 
much  easier,  and,  if  the  Middle  Canon  can  be  passed  on  that  side  of  the 
river,  a  route  on  that  side,  throughout  the  whole  distance,  is  to  be  re- 
commended. The  road  should  then  cross  the  Madison  to  the  north 
side,  in  the  Upper  Caiion,  two  or  three  miles  below  the  mouth  of  Gib> 
bon's  Fork.  There  remaius  on  this  route  the  upper  part  of  the  canon 
to  be  pissed,  which,  as  stated  above,  presents  some  difficulties. 

LISTS  OF  ELEVATIONS  AND  DISTANCES  ON  ROUTES  TO  THE  YELLOW- 
STONE NATIONAL  PARK. 

» 

Route  from  Bozeman  to  Yellowstone  Lake^  by  way  of  YeUowstone  River, 


Elevation. 


Bozeman 

Nearly  level,  with  smooth  grades  to — 

Fort  Ellis 

Divide  crossing  to  Spring  Creek,  (steep  hiU  on  each  side)  . .. 
Spring  Creek * 


Steep  descent,  then  uniform  slope  np  to-^ 

Camp  2,  on  Spring  Creek,  near  head 

Divide  between  Spring  and  Trail  Creeks,  between  Gallatin 

and  Yellowstone 

Uniform  slope  to — 

Trail  Creek,  at  crossing 

Long  rolling  hills  to — 

Divide  hetween  Trail  and  Eight-Mile  Creeks 

Smooth  to— 

Camp  3,  on  Eight-Mile  Creek,  near  TeUowstone 

Camp  4,  at  Batter's  Ranch,  on  Yellowstone 

In  level  river  bottom  to— 


Camp  5,  at  mouth  of  Canon  Creek  .. 
Second  Cafion  of  the  Yellowstone  River : 
Smooth  to — 


Uniform  slope  to-7- 

Head  of  Second  Canon 


Camp  6,  near  Devil's  Slide 

Grade  nearly  uniform  in  river  bottom  to 

Bridge  over  Gardner's  River,  near  its  mouth, 

Lev^  to 

Very  heavy  grades  to 

Level  to 


Grade  nearly  uniform  to — 

Camp  8,  on  Black-Tail  Deer  Creek 


Grade  very  irregular,  on  rolling  plateau,  to 

Grade  somewhat  irregular  to — 

Camp  9,  in  Cache  Valley,  near  mouth  of  East  Fork 
Nearly  uniform  grade  to 


4,900 


3.3 

4,935 

6.7 

5,675 

7.3 

5,600 

ao 

5,dao 

12.3 

5,639 

15.7 

6,037 

22.5 

5,300 

2a5 

5,500 

30.2 

5,2« 

39.2 

5,066 

44.8 

5,040 

45.1 

5,230 

45.3 

5,060 

49.8 

5,201 

5L8 

5,1G0 

52.1 

5,340 

52.7 

5,140 

54.7 

5,200 

55.3 

5,450 

57.9 

5,200 

59.2 

5,350 

59.3 

5.290 

59.9 

5,348 

64.6 

5,600 

67.9 

h,vm 

68.7 

5,360 

70.4 

6,500 

71.0 

6.500 

7L2 

6,900 

7L9 

6,8^0 

74.2 

6.570 

76.2 

6.870 

81.7 

7,600 

84.0 

6,236 

86.6 

6.400 

87.5 

6,740 
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Boute  from  Bozeman  to  Yellowstone  LaTce^  &c, — ^Continued. 


Croasin^  of  Tower  Cfeek 

Level  to 

Smooth  fllope  to 

Grade  nearly  UDiform  to — 

Divide  on  spar  from  Mount  Washbarn.... 

« 

Camp  10 

Grade  tolerably  uniform  to — 

Camp  11,  on  Cascade  Creek,  near  the  falls 

Crossing  of  Cascade  Creek 

Grade  nearly  Uniform  to 

Grade  nearly  uniform  to 

Camp  12,  at  Mud  Geysers A... 

Grade  tolerably  uniform  to^ 

Yellowstone  Lake,  at  head  of  river , 


87.6 
87.9 
89.2 
90.2 

94.3 

95.2 

95.3 

101.2 

106.7 
107.6 
107.8 
109.4 
109.7 
110.3 
110.9 
112,9 
113.4 
113.7 
116.7 

123.9 


Elevation. 


6,500 
6,520 
7,280 
7,200 

8,800 
8,600 
8,700 
8,162 

7,979 
7,920 
7,600 
7,700 
7,940 
7,920 
7,580 
7.620 
7,900 
7,750 
7,712 

7,800 


Route  from  Gallatin  City  to  the  Geyser  Basins^  thence  across  to  the  Mud 

GeyserSy  on  tfie  Yellowstone. 


Gallatin  City,  (Three  Forks  of  the  Missouri) 

Grade  perfectly  uniform  in  Madison  River  bottom  to — 

Camp  26,  on  Madison , 

Grade  perfectly  uniform  in, river  bottom  to    

Grade  somewhat  irregular  to— 

Camp  25,  on  Cold  Spring  Creek 

Grade  tolerably  uniform  to— 

Divide  between  Cold  Spring  and  Hot  Spring  Creeks, 


Grade  smooth  to 

Grade  tolerably  smooth  to — 

Divide  between  Hot  Spring  and  Meadow  Creeks f . 


Camp  24,  on  Meadow  Creek 

Grade  perfectly  smooth  to — 

Camp  22,  opposite  Virginia  City,  on  Madison. 
Grade  uniform  to— 

Camp  21,  at  mouth  of  Indian  Creek 

Grade  uniform  to 


Grade  tolerably  uniform  to^ 

Camp  20,  on  Madison 

Grade  good  to ; 


Tolerably  uniform  grade  to 

Grade  perfectly  uniform  to — 

Camp  19,  at  foot  of  Middle  Cafion,  near  Madison  Pass 
Grade  rather  irregular  to — 

Camp  18,  in  middle  of  cafion 


Miles. 

Eleva- 
tion. 

4,132 

16.5 
20.4 

4,360 
4,800 

27.7 

4,769 

29.8 

5,400 

36.1 

5,050 

37.8 
38.6 
39.3 
42.5 

5,640 
5. 520 
4,980 
4, 932 

61.3 

5,214 

71.3 
80.5 
80.6 

5,524 

5,700 
5,900 

82.9 
88.0 
88.5 
88.9 
93.9 

5.753 
6,300 
6,200 
6,500 
6,100 

98.2 

6,309 

104.9 

6,570 
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Route  from  Oallatin  City  to  the  Oeyser  Baains^  i&c, — ContiDaed. 


Grade  irregular  to 

Grade  perS'Ctly  uuiforin  to — 

Camp  17,  At  head  of  Middle  CafioD 

Grade  perfectly  uniform  to— 

Camp  16,  on  MadiHou .i 

Grade  nearly  uniform  to — 

Foot  of  Upper  Cafion 

Grade  perfectly  uniform  to — 

Camp  15,  at  mouth  of  Gibbou's  Fork ».. 

Very  irregular  grade  to — 

Head  of  Upper  Cafion 

Grade  perfectly  uniform  to — 

Camp  14,  in  Lower  Geyser  Basia 

Grade  perfectly  uniform  to — 

Camp  13,  on  East  Fork  of  Fire-Hole  River 

Divide  between  Madison  and  Yellowstone 

Grade  irregular  to 

Grade  irregular  to — 

Camp  12,  at  Mud  Geysers,  on  Yellowstone  River.. 


175.3 


Miles. 

Eleva- 
tion. 

109.4 

6,520 

119.6 

6,566 

132.4 

6,6(6 

136.4 

6,790 

145.1 
146.0 

6,811 
7,200 

148.7 

7,240 

152.8 

7,252 

157.7 
161.0 
163.1 
165.8 
166.2 
170.0 
170.6 
17L0 
•172.0 

7,297 
7,400 
6,240 
8,240 
7.950 
7.910 
7,740 
7,980 
7.700 

7,712 


The  ordinary  meteorological  observations  were  made  hourly  in  camp. 
Tbey  will  be  foaud  printed  in  full  in  the  buUetinof  meteorological  obser- 
vations. I  will  make  a  short  r6suinS  of  them.  They  were  made  at 
various  altitudes  above  the  sea-level,  from  4,000  to  8,000  feet. 

At  Fort  Ellis,  elevation  4,935  feet,  the  meiin  temperature  during  tlie 
first  three  weeks  of  July  wa«  67o.61,  maximum,  99o.7;  minimum,  33^.0; 
lowest  relative  humidity  .21. 

On  the  1st  of  July,  there  occurred  a  heavy  snowstorm,  in  which  about 
four  inches  of  snow  fell,  which  melted  on  the  following  day- 

On  the  17th,  there  was  a  smart  shower  of  hail.  The  minimum  temper- 
ature, at  night,  at  an  altitude  above  5,000  feet,  was  rarely  above  32°. 
The  lowest  temperature  experienced  during  the  trip  was  in  the  camp  at 
the  mouth  of  Gibbon's  Fork,  elevation  6,811  feet,  12^,  in  the  latter 
part  of  August.  At  the  head  of  the*  West  Gallatin  River,  elevation 
6,149  feet,  the  minimum  thermometer  indicated  14^.,  17^.,  17o.,  on 
three  several  nights  in  the  latter  part  of  September.  Maximum  temper- 
atures, during  the  day,  ranged  from  65^  to  93^,  indicating  a  great  range 
of  temperature  during  the  day. 

The  range  of  relative  humidity  is  also  very  great,  reaching,  near  the 
middle  of  the  day,  as  low  as  .30,  and  on  several  occasions  even  lower. 
The  lowest  relative  humidity  recorded  during  the  trip  was  .22.  Most  of 
the  rain  which  we  experienced  during  the  season  was  in  the  form  of 
showers,  which  were  of  tolerably  frequent  occurrence,  but  very  few  long 
storms  occurring  during  the  season. 

A  storm  of  rain  and  hail  of  two  days'  duration  was  experienced  at 
Yellowstone  Falls,  near  the  end  of  July.  A  heavy  snow  storm,  in  which 
four  inches  of  snow  fell,  occurred  at  the  head  of  the  West  Gallatin,  near 
the  end  of  September. 
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In  comiDon  with  two  other  members  of  the  party,  I  had  rather  a  sin- 
gular experience.  We  were  ascending  a  mountain  near  the  Gardiner's 
Kiver  Springs,  called  on  the  map  Electric  Peak.  I  quote  from  my  notes 
written  on  the  following  day :  A  thunder-shower  was  approaching  as 
we  neared  the  summit  of  the  mountain.  I  was  above  the  others  of  the 
party,  and  when  about  50  feet  below  the  summit  the  electric  current 
began  to  pass  through  my  body.  At  first!  felt  nothing,  but  heard  a 
crackling  noise,  similar  to  a  rapid  discharge  of  sparks  from  a  friction 
machine.  Immediately  after,  I  began  to  feel  a  tingling  or  pricking 
sensation  in  my  head  and  the  ends  bf  my  fingers,  which,  as  well  as  the 
noise,  increased  rapidly,  until,  when  I  reached  the  top,  the  noise,  which 
had  not  changed  its  character,  was  deafening,  and  my  hair  stood  com- 
pletely on  end,  while  the  tingling,  pricking  sensation  was  absolutely 
painful.  Taking  off  my  hat  partially  relieved  it.  I  started  down  again, 
and  met  the  others  25  or  30  feet  below  the  summit.  They  were  affected 
similarly,  but  in  a  less  degree.  One  of  them  attempted  to  go  to  the  top, 
but  had  proceeded  but  a  few  feet  when  he  received  quite  a  severe  shock, 
which  felled  him  as  if  he  had  stumbled.  We  then  returned  down  the 
mountain  about  300  feet,  and  to  this  point  we  still  heard  and  felt  the 
electricity. 

I  have  received  returns  of  meteorological  records  kept  at  Bozeman, 
Montana,  by  Mr.  Peter  Koch,  a  thoroughly  reliable  observer.  These 
records  are  published  in  full  in  our  annual  bulletin  of  meteorological 
observations  for  1872.    From  these  I  deduce  the  following  results : 


Date. 


187S. 

November  

I>ecember 

1873. 

JaDuaiy 

Febmary  


o 
24.00 
19.61 

93.49 
19.30 


i 
J 

I 


o 

49.8 
4a  3 

4a  1 

4&1 


a 

'5 

3 


— las 

—30.0 

—28.0 
—19.0 


cs-S 

^a  . 


0.11 
1.43 

0.38 
L57 


o 


3 
8 

7 
5 


Mr-  Koch  records,  on  the  10th  of  December,  "two  distinct  shocks  of 
earthquake,  at  4.30  p.  m.,  and  on  the  11th  one  shock,  at  6.30  a.  m.  AH 
the  shocks  were  from  west  to  east.  They  were  more  violent  at  Helena 
and  Deer  Lodge  than  here." 


NOTES  ON  THE  CLIMATE  OF  MONTANA. 

By  Mk.  Qranyille  Stuakt,  of  Deer  Lodge,  Montana  Territory. 

The  winter  of  1857-'58  was  very  mild.  Snow  did  not  lie  longer  than 
a  few  days  in  any  of  the  principal  valleys.  The  cold  was  not  intense^ 
except  for  a  few  days  in  December  and  January.  Gattle  and  horses  in. 
the  open  air,  and  withont  any  food  or  shelter  except  sach  as  they  got 
on  the  prairie,  gained  steadily  in  flesh  all  the  winter,  and  came  oat  fat 
in  the  spring. 

The  winters  of  1858-'59  and  1859-'60  were  very  similar,  averaging, 
probably,  a  little  colder,  and  with  a  little  more  snow,  bat  qaite  pleas- 
ant in  the  main. 

The  winter  of  1860-'61  showed  a  gradaal  increase  of  cold  and  snow 
over  former  years,  bat  still  stock  did  well;  and  the  winter  woald  not 
have  been  called  a  bad  one  in  Iowa  or  Illinois. 

*  The  winter  of  1801-'62  was  one  of  great  and  nnusaal  severity,  snow 
falling  to  a  depth  of  from  six  inches  to  two  feet,  varying  in  different 
valleys  and  in  different  parts  of  the  same  valley.  I  have  observed  that 
the  fall  of  snow  is  very  capricious  and  irregular ;  for  instance,  the  de- 
posit of  snow  in  a  given  locality  may  be  quite  small  during  a  bad  winter, 
while  in  the  following  one,  even  though  much  milder,  the  snow-fall  at 
that  point  will  be  double  or  treble  as  much,  while  other  points,  which 
had  deep  snow  during  the  first,  will  be  comparatively  free  from  it  dur- 
ing the  second  winter.  This  is  especially  noticeable  in  the  higher  val- 
leys and  in  the  passes  leading  from  one  to  another. 

The  winter  of  1862-'63  was  quite  as  mild  as  that  of  1857-'58,  and 
throughout  the  country,  as  far  as  Salt  Lake,  it  was  even  milder,  for 
wagons  drawn  by  both  horses  and  oxen  made  two  trips,  in  mid-winter, 
from  Bannock  City  to  Salt  Lake  City  and  back,  with  heavy  loads,  and 
without  being  incommoded  by  snow  or  severe  cold.  They  crossed  the 
main  range  of  the  Bocky  Mountains  (by  the  Medicine  Lodge  Pass)  and 
the  Porte  Neuf  Mountains  twice  on  each  trip,  and  withont  any  other 
food  for  their  animals  than  bunch-grass.  This  is,  however,  a  feat  that 
has  not  been  aecomplished  since,  many  parties  having  lost  large  num- 
bers of  cattle  and  mules  in  trying  to  make  one  trip  in  each  of  the  three 
succeeding  winters.  The  lowest  temperature  in  Deer  Lodge  during  this 
winter  was  12^,  which  was  during  a  snow-storm,  on  the  23d  or  24th  of 
October. 

The  winter  of  1863-'64  was  but  little  inferior  to  the  preceding  one, 
snow  lying  bat  a  few  days  at  a  time  in  the  valleys,  although  it  was 
quite  deep  on  the  mountains,  and  the  weather  averaged  somewhat 
colder.  A  severe  storm  of  wind  and  driving  snow  occurred  on  January 
7,  in  which  the  temperature  fell  to  — 33^,  but  the  cold  snap  lasted  only 
aboat  a  week. 

The  winter  of  1864-'65  showed  an  increased  degree  of  cold  and  snow 
again.  The  temperature  fell  to  — 34^  on  one  occasion,  while  during  De- 
cember and  January  the  cold  was  severe ;  but  the  snow  was  not  deep 
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until  March,  during  which  month  more  fell  than  in  all  the  rest  of  the 
winter,  and  the  minimum  temperature  was  — 21^,  Stock  did  well  enough 
without  any  feed  during  this  winter. 

The  latter  half  of  the  winter  of  1865-'66  was  quite  severe,  snow  lying 
in  the  valleys,  while  the  lowest  temperature  was  — S4P,  ISo  stock  died, 
however,  although  none  were  fed. 

The  winter  of  1866-'67  was  very  mild  until  the  24th  of  December, 
with  no  snow,  but  from  this  time  until  April  it  was  the  worst  winter 
ever  known  in  the  Territory.  Snow  fell  to  a  considerable  depth  in  all 
the  valleys,  and  was  accompanied  by  a  very  long  spell  of  continued 
cold,  varying  — 1(P  to  —32^,  The  month  of  March,  in  particular,  was 
absolutely  terrific,  on  twenty-eight  out  of  thirty-one  mornings  the  tem- 
perature being  below  zero,  being,  I  believe,  without  precedent  in  any- 
other  country.  Yet,  strange  and  almost  incredible  as  it  may  appear, 
scarcely  any  cattle  died,  although  few  of  them  had  any  feed  or  any 
shelter  other  than  the  willows  along  the  streams.  No  horses  died, 
although  they,  too,  had  to  subsist  on  the  range  all  winter. 

The  winter  of  1867-'68  was  comparatively  mild,  with  but  little  snow ; 
coldest  day,  — 30^ ;  no  suffering  among  stock ;  grass  abundant  and  not 
covered  by  snow ;  no  sleighing  in  Deer  Lodge  at  any  time  during  the 
winter ;  valley  dry  and  dusty ;  the  same  being  the  case  in  nearly  all 
parts  of  the  Territory. 

The  winter  of  1868-'69,  as  those  of  1857-'58  and  1862-'63,  was  very 
mild,  being  almost  no  winter  at  all,  when  the  latitude  and  altitude  are 
taken  into  consideration.    ISo  snow  of  any  consequence. 

The  winter  of  1869~'70  was  quite  mild,  with  little  snow  in  the  valleys, 
and  little  haj'  was  used. 

The  winter  of  1870-'71  was  also  open  and  pleasant.  Stock  kept  in 
g  >od  condition  on  the  range. 

The  winter  of  1871-'72  was  a  very  severe  one,  commencing  with  a 
terrific  storm  of  wind  and  snow  on  the  23d  of  November.  The  greatest 
depth  of  snow  in  Deer  Lodge  at  any  time  was  12  inches,  llie  depth, 
however,  on  the  mountains  was  very  great.  The  loss  in  cattle  could  not, 
however,  have  exceeded  2  per  cent,  of  ^the  number  in  the  Territory,  for 
a  large  part  of  the  hay-crops  of  the  three  previous  years  was  on  hand. 
Hence  there  was  but  little  suffering  among  stock,  except  in  a  few  local- 
ities and  among  herds  of  Texas  cattle  driven  in  during  the  £Etll,  which, 
being  thin  in  flesh  and  not  accustomed  to  snow  and  cold  weather,  suf- 
fered severely. 

By  using  a  little  care  and  foresight  in  preserving  the  hay  and  straw 
that  can  be  accumulated  with  but  little  labor  and  expense  during  the 
mild  winters,  all  danger  of  loss  of  stock  during  severe  seasons  will  be 
avoided. 

It  seems  that  our  hard  winters  come  exactly  five  years  apart;  for 
instance,  those  of  1861-'62, 1867-'68,  and  1871-'72  were  all  severe,  whUe 
the  intermediate  ones  were  all  very  mild. 

The  snow-fall  at  Deer  Lodge  (latitude  about  46^  27' ;  altitude  above, 
sea,  4,768  feet)  for  the  last  five  years  has  been  as  follows : 

In  the  winter  of  1867-'68, 20^  inches,  in  seventeen  storms,  not  including 
what  melted  as  it  fell  Greatest  depth  at  any  one  time,  2^  inches.  In 
the  winter  of  1868-'69,  16f  inches,  in  fourteen  storms.  Greatest  depth, 
2  inches.  In  the  winter  of  1869-70,  29^^^^  inches,  in  twenty-six  storms. 
Greatest  depth  at  any  time,  4  inches,  and  that  for  a  few  days  only.  In 
the  winter  of  1870-'7l,  45^^^^,^  inches,  in  forty-seven  storms.  Greatest 
depth  at  any  time,  3  inches.  In  the  winter  of  1871-72,  S6^^  inches,  in 
forty-eight  storms.    Greatest  depth  at  any  time,  12  inches. 
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The  mean  temperature  at  Helena,  Montana,  for  1866,  was 44.5 

The  mean  temperature  at  Deer  Lodge,  Montana,  for  1868 40.5 

The  mean  temperature  at  Deer  Lodge,  Montana,  for  1869 4'i.9 

The  mean  temperature  at  Deer  Lodge,  Montana,  for  1870 42.1 

The  mean  temperature  at  Deer  Lodge,  Montana,  for  1871 42.5 

The  mean  temperature  at  Helena,  Montana,  for  January,  1867  . . .     17.9 
The  mean  temperature  at  Helena,  Montana,  for  February,  1867..     18,0 

The  mean  temperature  at  Helena,  Montana,  for  March,  1867 5.9 

The  mean  temperature  at  Helena,  Montana,  for  April,  1867 44.8 

The  mean  temperature  at  Deer  Lodge,  Montana,  for  November,  1867    30.5 
The  mean  temperature  at  Helena,  Montana,  for  December,  1867. .     25.2 

The  fall  of  rain  and  melted  snow  at  Helena,  in  1866,  inches 22.d6 

The  fall  of  rain  and  melted  snow  at  Deer  Lodge,  in  1870,  inches. .  16.50 
The  fall  of  rain  and  melted  snow  at  Deer  Lodge,  in  1871,  inches. .  15.74 

The  average  fall  of  rain  and  melted  snow  at  Deer  Lodge  for  four 
years,  19.11  inches. 

A  series  of  observations  shows  that  Missoula  County,  Montana,  (alti- 
tude 3,300  feet,)  enjoys  an  average  temperature  of  50.5  higher  than  Deer 
Lodge,  and,  judging  by  farm  products,  this  is  about  the  annual  mean  of 
the  large  valleys  of  Sun  Eiver,  Missouri,  Gallatin,  Jefferson,  Madison, 
Stinking  Water,  and  Beaverhead.  It  thus  appears  that  by  far  the  greater 
part  of  the  Territory  has  an  annual  mean  temperature  of  about  48^. 


KESUME  OF  METEOROLOGICAL  OBSEUVATIONS  TAKEK  AT 
FORT  ELLIS,  MONTANA,  BY  THE  UNITED  STATES  MEDI- 
CAL DEPARTMENT. 
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Ifarohl 

80 

8 

28 

7 

—  5 

30 

33 

—10 

30 

3 

—14 

2 

^ 

4 

29 

11 

—  4 

31 

29 

—15 

31 

10 

—10 

3 

29 

6 

30 

13 

—  2 

1872L 

Feb.  1 

9 

—10 

4 

37 

15 

Deo        1 

27 

6 

Jan.  1 

29 

10 

2 

19 

—11 

5 

31 

15 

2 

19 

—26 

2 

21 

2 

3 

4 

—21 

6 

85 

14 
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Mean  daily  and  minimum  temperaturdif  #0. — Continoed. 


• 

i 

1 

i 

BBte. 

F 

e 
1 

3 

Date. 

r 

g 

1 

Date. 

u 

1 

3 

a 

Date. 

1 

1873. 

0 

0 

1873. 

0 

0 

1873. 

0 

0 

1873. 

0 

0 

Kar.       7 

87 

10 

Mar.  14 

11 

—4 

Kar.  81 

81 

3 

Mar.  88 

39 

d 

8 

85 

0 

15 

5 

—6 

88 

16 

0 

89 

SB 

U 

9 

16 

0 

16 

8 

—6 

83 

15 

—10 

30 

34 

IS 

10 

18 

3 

17 

13 

—3 

84 

8 

—80 

31 

33 

14 

11 

19 

0 

18 

31 

0 

85 

16 

0 

18 

15 

8 

19 

19 

4 

86 

81 

8 

13 

8 

30 

15 

0 

87 

87 

4 

Montha. 


1869. 

Jannary 

Febraary.... 

March 

April 

June 

July 

AoKiist 

Seinember . . 

October 

November. . . 

December . . . 

1870. 

January 

February 

March 

April 

May :.. 

June 

July 

August 

September  .. 

October 

November. . . 
December . . . 


.0 


88.58 
88.15 
30.71 
41.33 
59.79 
64.81 
72.66 
6&88 
56.48 
4a  53 
36.83 
27.87 

33.50 
31.64 
87.01 
45.84 
5&83 
6&63 
69.44 
5a35 
56.17 
48.68 
36.90 
80.78 


.0 

•49 


31.56 

26.0 

88.45 

:i6.33 

4a  04 

55.32 

59.70 

56.07 

4&35 

38.91 

3a  91 

84.78 

21.69 
29.47 
84.69 
41.70 
50.59 
59.35 
60.56 
5a  93 
4a  72 
3a  74 
^.34 
8a  89 


Inehtt. 
1.15 
1.85 
2.90 
a  13 
5.90 
8.65 
0.85 
0 

.54 
.40 
.13 
.63 

.06 
.11 
.30 
.54 
.18 
.15 


Months. 


167L 

January 

February . . . 

March 

April 

May 

June 

July 

August 

September . . 

October 

November  . . 
December  . . . 

1872. 
January  — 
February  — 

March 

April 

May 

June 


I 

Bp 

I 


89.85 
8a  96 
3a  51 
36.55 
42.27 
59.30 
64.66 
6a  04 
57.0 
4a  58 
25.76 
10.77 

14.33 
20.21 
39.81 
35.12 
51.81 


3  o 


55.0 
4ao 

67 
70 
85 
95 
95 
83 
62 
68 
55 
45 

45 
54 
50 
64 
75 
80 


Is 


^0 


-13 

-22 

14 

15 

30 

37 

49 

37 

35 

8 

*-33 

-45 

-53 
-53 
-20 
—  1 
85 
30 


8 

Sano^r. 
10  snow. 
15  snow,  2  rain. 

a  rain. 

6  rain. 

3  rain. 

3  rain. 


3 

13  anow. 
7  snow. 

7  snow. 

5  snow,  1  rain. 
12  snow. 

15  snow. 

6  rain. 

8  rain,  1  snow. 


*  Minimum. 

Summary  of  wind  from  July,  1871,  to  June,  1872. 

[Observations  on  the  wiud  are  taken  at  7  a.  m.,  3  and  9  p.  m. ;  the  force  is  estimated  on  a  scale  of  4  * 
the  force  for  the  month  Is  the  sum  of  the  ibroes  at  time  of  observation.] 


Month. 


1871. 

July 

August 

September 

October 

November 

December 

1873. 

January 

February 

March 

April ;.... 

May 

June 


N. 


o 


1 
8 
0 
0 
3 
0 


0 
0 
0 
0 
0 
0 


& 


1 
3 

0 
0 

4 
0 


0 
0 
0 
0 
0 
0 


N.E. 


I 


1 
1 
1 
1 
8 
0 


0 
0 
0 
0 
0 
0 


I 


1 

8 
8 
I 
5 
0 


0 
0 
0 
0 
0 
0 


E. 


& 


17 
6 
88 
19 
18 
87 


9 
85 
24 
12 

18 
38 


I 


20 
10 
47 
20 
14 
46 


9 
29 
84 
12 
21 
53 


S.S. 


o 


18 
3 
7 
5 

4 
8 


1 
8 
13 
9 
3 
1 


s 


13 

5 

7 
6 
7 
8 


1 
3 
18 
9 
3 
1 


S. 


o 
52- 


J 
1 

3 

11 

8 

8 


1 
0 
8 
3 
0 
0 


8 

1 

3 

13 

3 
3 


1 

0 
8 
6 
0 
0 


S.W. 


e 


10 

10 

18 

5 

6 

8 


34 

3 

5 

30 

13 

6 


18 
15 
13 
5 
0 
10 


34 

6 

5 

30 

13 

6 


W. 


N.  W. 


o 


d 

CI 


o 


41     47 


40 
34 
41 
S3 
38 


49 
58 
39 
33 
51 
38 


47 

54  !    6 


48;  7 
55  6 
43      3 


49  6 
87  0 
39  >  10 
35  I  0 
54  I  6 
43  :    7 


8 

9 
8 
8 
15 
3 


7 

0 

10 

0 

7 
8 
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SNAKE  EIVER  DIVISION. 

List  of  latitudes  determined  astronomically. 


O       I     II 

Camp    9  43    8  49 

10  and  54 14  17 

11 23  30 

12.-.. 35  25 

13 4631 

14 49    9 

15 57  47 

16 44    0  54 

17 43  59  57 

18and21 56    1 

19 48  10 

20 45  32 

22 44    4  28 

23 10  34 

24 19  20 

25 22  14 

27 37  42 

28 - 43  28 

29 41  28 

30 38  30 

32 34  25 

33 28    4 


Q       I        II 

Camp34 44  25  20 

35 20  25 

36 ^ 20  37 

37 21  12 

38 19  18 

39 14  20 

40 8  00 

41. 43  57  ^ 

42 51  31 

43 46  53 

44 39  44 

45 32  25 

46 29    5 

47 35  10 

48 44    3 

49 48  57 

50 47  51 

51 39  40 

52 38  28 

53 33  53 

BenlaLake 44    9  20 

Moant  Sheridan 44  15  30 


MAGNUTIO  VARIATION. 

The  magnetic  variation  was  determined  by  observing  the  azimuth  of 
Polaris  with  a  Wurdeman's  gradienter^  the  verniers  of  which  read  to 
single  minates. 


Place  of  observation. 


Camp  16,  near  month  of  Fall  River 

20,  T^ton  Cafion,  twelve  miles  west  of  Mount  Hayden 

23,  Bechler's  Fork  of  Fall  Eiver 

24,  Henry's  Fork,  (latitude  44^  19^  20") 

26 

27,  Henry's  Lake  Valley 

32,  Lower  Geyser  Basin 

33,  Upper  Geyser  Basin 

36,  Shoshone  Lake 

39,  Lewis  Fork,  near  Lewis  Lake 

40,  Month  of  Lewis  Fork 

BenlaLake 

Camp  42,  foot  of  Jackson's  Lake 

43,£a8tfootof  T6tons 

44 

45,  Snake  River,  near  mouth  of  Gros  Ventres  Creek  . 

51,  Snake  River,  eight  miles  below  cafion , 

52 

53,  Willow  Creek 

54,  Highane's  Ranch,  seven  miles  from  Fort  HaU. .... 


Date. 


July 
July 
Aug. 

Apg. 
Auff". 

Aug. 

Aug. 

Aug. 

Sept. 

Sept. 

Sept. 

Sept. 

Sept. 

Sept. 

Sept. 

Sept. 

Oct. 

Oct. 

Oct. 

Oct. 


Variation 
east. 


19, 1872 

18  12 

24,  1872 

17  55 

4,1872 

18  15 

5, 1872 

18  25 

7,1872 

19  13 

8,1872 

18  44 

14, 1872 

18  29 

IH,  1872 

18  29 

7,1872 

18  15 

13, 1872 

18  13 

15, 1872 

18  8 

17, 1872 

18  55 

24,1872 

17  56 

27,1872 

17  42 

28,1872 

17  38 

30,1872 

17  40 

6,1872 

17  59 

7,1872 

18  00 

9,1872 

17  55 

10, 1872 

17  50 
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Camps  of  Snake  Rirer  dinsion. 


Date. 


Location. 


1 

3 
4 

5 

6 

7 

6 

9 
10 
11 
12 
13 
14 
15 
IG 
17 
18 
11) 
SO 
21 
22 
23 
24 
23 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
40a 
41 
41a 
4-2 
43 
44 
45 
46 
47 
48  I 
49 
50 
51 
52 
5.^ 
54 
56 


I  Jane  3 
June  24 
June  25 
Judo  26 
Jane  27 
Jane  29 
Jaly  1 
Jaly  2 
Jaly  3 
Jaly  12 
JnlV  13 
July  14 
July  15 
July  16 
July  17 
July  19 
Jaly  20 
July  21 
July  22 
Jnly  2.3 
Aui;. 
Au-j. 
Au.^. 
Aug. 

Aug. 
Aui^. 
Aug. 
Aug.  11 
Auif.  12 
Aug.  13 
Aug.  14 
Aug.  15 


Sept. 
Sept. 
Sept. 


1 
3 
4 

6 

Sopt  9 
Sept.  10 
Sept.  13 
Sept.  14 
Sept.  17 
Sopt.  19 
Sept.  21 
Sept,  22 
Sept.  25 
Sept.  28 
Sept.  30 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 


to  Jane  24  ' 
to  June  23 
t^  Juue  26 
to  Juno  27 
to  June  29 
to  July  1 
to  July  2 
to  July  3 
to  July  12 
to  July  13 
t^Jaly  14 
to  July  15 
to  July  16 
to  July  17 
to  July  19 
to  July  20 
to  July  21 
to  July  22 
to  July  23 
to  Aug.  S 
to  Aug. 
to  Aug. 
to  Aug. 
to  Aug. 
to  Aug. 
to  Aug. 
to  Aug. 
to  Aug. 
to  Aug. 
to  Aug. 
to  Aug. 
to  Sept. 
to  Sept. 
to  Sept. 
to  Sept. 
to  Sept. 
to  Sept. 
to  Sept.  13 
to  Sept.  14 
to  Sept.  17 
to  .^ept.  18 
to  Sept  21 
to  Sept.  22 
to  Si'pt.  25 
to  Sept.  28 
to  Stpt 
to  Oct. 
to  Oct. 
to  0<;t. 
to  Oct. 
to  Oct. 
to  Oct. 
to  Oct. 
to  Oct. 
to  Oct. 
to  Oct. 


3 

4 

5 

6 

7 

8 

10 

12 

13 

14 

15 

1 

3 
4 
6 
9 
10 


30 
I 
2 
3 
4 
5 
6 


Ogden,  Utah,  2  miles  east  of  city ■ 

Watcr-tauk,  near  Saline  Springs • 

On  Bear  Kiver,  near  Brigham  City ■ 

Near  MoudU  Spring,  a  stage-station ■ 

K«»eney  8  stage-station 

CariK'iiter's  stage-station 

Port  Xeuf  River,  at  head  of  cafion 

Pocatillo  stage-station 

Fort  Hall,  Idaho 

Uighatn's  Ranch,  on  Blackfoot  River 

Sand  Creek,  south  of  Taylor's  bridge 

Snak<«  River,  5  miles  above  Taylor  s  bridge 

Market  Lake,  stage-station....' 

Crater  But tes,  near  mouth  of  Henry's  Fork 

Kaele  Xeat  Ford,  across  Henry '.s  Fork 

Fall  River,  4  miles  above  month 

Couan  t 's  C  reek 

Small  creek,  near  T6ton  River 

CottonwmKl  Creek 

T6ton  Cafion,  12  miles  west  of  Mount  Hayden 

Small  creek,  near  T6ton  River 

Fall  River,  16  miles  above  mouth 

Bechler'.s  Fcirk  of  Fall  River 

Small  swampy  lake,  4  miles  east  of  Henry's  Fork 

Henry's  Fork 

Henry's  Fork,  —  miles  above  camp  25 

East  ol"  Henry's  Lake,  near  Tyghee  Pass 

Ma<l  Ison  Ri  ver,  opposite  Tyghee  Pass 

Madison  River,  5  miles  above 

Juuction  of  (Jribboo's  Fork  and  Fire-Hole  River 

First  camp,  Lower  G-eyser  Basin 

Second  camp.  Lower  Creyser  Basin 

U[>per  (rcyser  liasin 

Fii  0-  Ilnlo  River,  6  miles  above  camp  33 

Head  of  Firt»-HoIe  River 

Went  end  of  Shoshone  Lake,  (G eyser  Baain) 

East  end  of  Shoshone  Lake 

Lewis  Lake 

Lewis  Fork,  3  miles  below  lake 

J  uni'tion  of  Lewis  Fork  and  Snake  River 

Lakes  at  head  of  Fall  River 

Inlet  to  Jackson's  Lake 

Jsck.Hoii's  Lake 

Outlet  to  Jackson's  Lake 

Eastern  foot  of  Mount  Hayden,  between  glacier  lakes  . . 
Snake  River,  at  juuction  with  creek  from  glacier  lakes. 

Snake  River,  below  month  of  Gros  Ventres  Creek 

Easleru  end  of  T6ton  Pass 

Western  end  of  T6ton  Pass 

Horse  Creek,  T6 ton  Baain 

CnHun  Creek 

Moody  Creek. 

Snake  River,  8  miles  below  cafion,  north  side. 

Snake  River.  8  miles  b.'^.low  caEtoo,  south  side. 

Willow  or  Big  Sandy  Creek 

Higham's  Ranch 

Fort  Hall,  Idaho 


a 

9 


4.527 
4,S5 

4,a« 

4.4« 
4.933 
406S 
4,€» 

4.  SIS 
ITM 
4,(»I 
4.716 
4.8M 
4,816 
4.BCI 
4.9S1 
5.1^6 

6.016 
6^1% 

6.6M 
6,016 

5.  €63 
5,76:2 
6.256 
6.247 
6,4:>4 
6,649 
6,5f^ 

6,aci 

7,361 
7.394 
7,5TD 
8.390 
7,8^1 
7.874 
7,737 
7,730 

6.  MS 
1,330 
6,i?I7 
6,eil 
6,806 
6.9:i5 
6,446 
6.234 
6,317 
6,3ti2 
6,401; 
5,8IM 
5.9S6 
5.030 
5,040 
4,^77 
4,601 
4.75i 


Profile  of  Henry's  Fork. 

FmL 

Henry's  Lake 6.442 

At  camp  26 6,44b 

At  camp  25 6,242 

At  camp  15,  Eagle's  Nest  Ford ..--- 4,9*4 

Profile  of  Snnke  River ^  from  headwaters  of  Lewis  Fork  to  Stoner's  Stage 

Station, 

Head 7,986 

Shosbone  Lake 7,870 

Lewis  Lake 7,{^S 

Falls,  top 7,H04 

Falls,  bottom .  7,765 
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At  camp  39 7,742 

Falls,  top 7,523 

Falls,  bottom 7,468 

Falls,  2i  miles  below 7,110 

Two  miles  above  camp  40 1 6,910 

Month  of  Lewis  Fork 6,870 

Jackson's  Lake 6,806 

Seven  miles  above  camp  44 6,685 

At  camp  44 6,429 

At  camp  45 6,227 

At  camp  52 5,030 

At  camp  12 4,825 

At  Taylor's  Bridge 4,814 

At  StoDer's  Stage  Station • 4,621 

Profile  of  Falls  Elver. 

Head 7,580 

Beula  Lakes - - 7,525 

Rapids  below  lakes .- 7,455 

Falls,  3  miles  below  lakes 7,300 

Main  falls,  top 7, 047 

Main  falls,  bottom 6,902 

At  camp  22 5,668 

At  camp  16 5,116 

Shoshone  Lake,  Geyser  BasiD,  average  elevation 7, 900 

Solitary  Geyser,  (on  Fire-Hole  River,)  above  the  Upper  Geyser  Basin 7, 772 

The  above  is  the  average  elevation  of  the  hot  springs  in  that  neighborhood. 
Hot  Salphar  and  Mad  Springs,  between  the  Upper  Geyser  Basin  and  Henry's 

Fork: 8,544 

Hot  Spring  east  of  camp  51,  on  Snake  River 5,050 

Elevations  of  lakes. 

Shoshone  Lake 7,870 

Lewis  Lake 7,750 

Upper  Glacier  Lake,  east  of  Monnt  Hayden 6,950 

Lower  Glacier  Lake,  east  of  Mount  Hayden 6,945 

Jackson's  Lake 6,806 

Upper  Lake,  at  head  of  Falls  River 7, 541 

Lower  Lake,  at  head  of  Falls  River 7,525 

Lake,  one  mile  above  camp  31 7,299 

Small  lakes  at  Twin  Buttes : 7,608 

Small  lake  back  of  camp  31 7,258 

Large  hot  spring  or  lake,  one  and  a  half  miles  above  camp  31 7, 335 

Madison  Lake 8,301 

Small  lake  at  foot  of  Red  Mountain 8,236 

Small  lake  between  Lewis  and  Yellowstone  Lakes 8, 001 

Upper  Lake,  north  of  camp  42  6,969 

Lower  Lake,  north  of  camp  42 6,951 

Elevations  of  mountain  pealcs. 

Mount  Sheridan -0,343 

Red  Mountain 9,806 

Rocky  Bnttes,  Falls  River  Pass 7,356 

Top  of  bluffs,  north  of  same 7,772 

Lookout  Hill,  north  of  Shoshone  Lake 8,257 

North  Twin  Bnttes,  Lower  Geyser  Basin,  (on  main  range) 7, 962 

South  Twin  Buttes,  Lower  Geyser  Basin 7,979 

East  Crater  Butte,  mouth  Henry's  Fork 5,368 

West  Crater  Butte,  month  Henry's  Fork 5,425 

Bottom  of  crater,  in  West  Butte 5,217 

Mount  HaydeD,  or  the  Great  T^ton,  was  measured  by  triangulation 
with  the  gradienter.  Three  different  trianguhitions  were  made  to  it 
from  different  points,  the  elevations  of  the  bases  above  the  sea  being 
determined  by  barometric  observations.  The  several  results  of  the  tri- 
anguhitions are  as  follows :  13,858  feet,  13,705  feet,  13,889  feet 
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The  first  triangalation  was  made  under  more  favorable  circamstances 
than  the  others,  and  I  give  it  a  double  weight ;  and  adopt^  therefore,  as 
the  elevation  of  Mount  Hayden  above  the  sea,  13,833  feet. 

The  result  from  an  aneroid  reading  was  13,784  feet. 

Mount  Moran,  (elevation  determined  by  triangnlation,)  12,809  feet« 

Sawtelle's  Peak,  (measured  in  same  way,)  9,070  feet. 

Passes  and  divides, 

Feet 

T^ton  Pass 8,464 

TygheePass 7.063 

Wat-er-ahed  between  Fire-Hole,  Snake,  and  Henry's  Fork 8, 761 

Continental  water-sbed,  between  Yellowstone  and  Lewis  Lakes 8, 0^ 

Highest  point  on  the  divide  between  the  East  Fork  of  the  Fire-Hole  and  TeUow- 

stone  Rivers 8.693 

Continental  divide,  between  the  Fire-Hole  River  and  Shoshone  Lake 8, 717 

Eastern  divide,  from  head  of  Falls  River  to  Snake  River 7, 594 

Southern  divide,  from  head  of  Falls  River  to  Snake  River 7, 533 

Continental  divide,  between  the  Fire-Hole,  west  of  the  Lower  Geyser  Basin 

and  Henry's  Fork 8,267 

Divide  between  Malade  River  and  Marsh  Creek 5,651 

From  the  hourly  barometric  observations  at  Fort  Hall  I  have  con- 
structed the  following  mean  monthly  curves  of  horary  oscillations  from 
7  a.  m.  to  9  p.  m.,  for  the  months  of  June,  July,  August,  and  September : 
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The  honzootal  divisions  represent  hundredths  of  an  inch  of  the  barometric  column. 
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The  mean  temperature  from  June  4  to  25 64^.62 

The  mean  temperature  from  July  13  to  31. 70O.44 

The  mean  temperature  for  Augtist 70o.90 

The  mean  temperature  for  September 57^. 79 

The  mean  temperature  from  October  1  to  18 57^.28 


52  as 
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Alabama  lode s 166 

Alder  Gulch 64,83 

American  Fork  Cafioa X6 

Analyses  of  boiliug-springs 102 

coal '    114 

hot-spriDg  deposits :,.  125, 137, 145, 151, 153, 154, 156, 157, 158 

mineral } 169 

ores 107 

Ancient  mounds  of  Dakota 655 

Autelopo  Island '  16,18 

pron;;-homed 6{)9 

Architectural  geyser 234 

Arkausas  Valley 322 

Artesian  wells 301 

Articulates  living  in  fresh  water 743 

Astronomy  and  hypsometry. 793 

Avosets 701 

Bannister,  H.  M.,  report  of 521 

Bannock  Indians 75 

trail 57,81 

Barlow's  River 253 

Basaltic  beds,  &c 29,35,51,59,61,104,203,209,224,271 

columns 50,  rj5 

peaks 55 

Bat,  blnnt-nosed 669 

Gila 659 

Bear,  black 663 

grizzly 663 

river 199 

city 477 

estuary  beds 478 

springs 173 

Beaver,  Anicricau C65 

Bechloi-'s  River 244 

.  Bee-hive,  (geyser) 14H,  149 

Itonlab  Lake 257 

Big-horn  Mountains 21,431,465 

River 79 

Birds 670 

eggs,  list  of •. 704 

found  in  Fire-Hole  Basin,  (list) 712 

T^ton  Basin,  (list) 712 

Utah,  (list) 713 

Bitter  Creek  coal  series,  fossils  from 477 

Black  Butte 398 

to  Rock  Spring 3:W 

Blackfoot  Fork 207 

Blat-kmorite 109 

Blackmore,  Mount 169 

Black  Rock  Station 204 

Black  Sulphur  Gcvser 246 

Black-tail  Deer  C feck 64 

Blue-bird,  Rockv  Mountain 671 

••Boiling  Spring" 54,  lf>2 

Botanv.  by  J.  M.  Coulter 747 

BoteleVa  Ranch 29 

Bowlder  Creek 48 

Mountains,  South 65,66 


'KoTE.— For  names  of  geuent  and  spocies  ace  indox  of  systenuicic  names. 
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Bowlder,  North & 

Valley 3^ 

Bozeman 27, 74 

Pass 28,75 

Bradley,  F.  H.,  report  of '. 190 

Bridger  Basin,  RemaiDS  of  primitive  art  in,  by  Joseph  Leidy 651 

Cafion 30,75 

Creek 74 

Pass 74, 75 

Peak.: 29 

Range 113 

Brighaai  Canon ....-  16 

City 198 

BuffaFoFork 261 

Bulging  Spring •- 346 

Burnt  Hold *24 

Butte,  Crater 210 

Keuilworth  Castle 210 

North  Gros  Ventre 2u> 

Palace 76 

Soda 45 

South  Gros  Ventre S66 

Twin 54 

Buzzard-hawks 697 

Cacb6  Creek 121 

Calcareous  Springs 54,55 

Cafion,  American  Fork 16 

Bridger 30,75 

Brighani 16 

City  Creek 17 

creek 35,38 

Cottonwood 16 

Gallatin 31,3C»,77 

Grand 50,51.131 

Lower 30,31,33,35.62,63,66,07 

Madison -..  23 

Middle 56,58,61,63,67,84 

New :»2 

Ogden 135 

Ophir '. 16 

Oquirrh 16 

Palace 35.76 

Prickloy  Pear I iS 

Second 31,35,38,40 

Spring 30,77,113,404,435,473 

Taylors 196 

T^ton,  (or  Great) 219 

Walker^s 196 

Weber : : 15,17 

West  Gallatin 76 

Willow  Creek 196 

Carboniferous  (strata,  &c) 15, 22, 25, 27, 35, 42, 46, 49, 57, 6ii,  68, 70, 

75, 199, 203, 206, 215, 265, 268 

age 433 

species 465 

Carbon  station 331, 365 

Carices 786 

Cascade  Creek , 133 

Castlo  Geyser 53,148,149 

Catalogue  of  birds C7Q 

found  in  Fire-Hole  Basin 712 

T6ton  Basin 712 

Utah 713 

carices 785 

coleoptera .• ,.,  717 

ferns 787 

fungi 792 

grasses 785 

invertebrates,  (fossil) , 463 
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mammals 661 

minerals 179 

mosses 76S 

odonata 727 

phsBuogamia,  found  on  both  slopes 753 

only  on  the  eastern  slope 755 

westernslope 757 

plants A 758 

(fossil).. 410 

rocks 163 

Cat-bird 470 

Cheiry  Creek 1 67 

mines 65,66,  !&*> 

Cheyenne,  from  to  Carbon  Station ". 330 

Church  Island 16 

Ciuuabar  Mountain 40,42,79 

City  Creek  Canon 17 

Clark's  Fork 46,47,48 

Lode 166 

Pass 47 

Clitf  Lake 61 

Climate  of  Montana,  by  Granville  Stuart 809 

Coal.     (See  Lignite) 14, 27, 29, 30, 35, 43, 70, 74, 75, 79, 104, 114, 337 

analyses  of 114 

Coalville 17,339 

,  cretaceous  at 476 

Coleoptera,  by  G.  H.  Horn 717 

Colorado 100 

lignite  basin  of !...  3(54 

springs 375,475 

Contents,  table  of iii 

Cope,  E.  D.,  on  extinct  vertebrata  of  Wyoming 545 

Coral  Pool 247 

Corinue 17 

Coteau  dcs  Prairies 294 

of  the  Missouri 294 

Cottonwood  Cafions 16 

Coulter,  J.  M.,  Botany,  by 747 

Coulter's  Creek 255 

Cranes 702 

Crater  Buttcs 210 

Hills, spriugs  at 137 

Upper 07 

Cretacious  (strata) 21,27,29,32,35,40,42,72,74, 112, 4-Jl 

age 4:i5 

at  Coalville 476 

forms 487 

rocks,  (section  of) 21, 24 

species 474 

Crow  black-birds 687 

Creek 81 

Crystal  Falls ,  133 

Dakota,  agricultural  resources  ot 303 

ancient  mounds  of 655 

physical  geography  of 280 

Territory 277 

•    Daniers  lode 166 

Devil's  slide 40 

Diagram  of  barometric  oscillations 816 

the  phylogeny  of  the  mammalian  orders 648 

testudiuata « 649 

Dikes 37,68 

Dippers 671 

Dome  Mountain : 40 

Ducks 703 

DuLuth 299 

Eaglc-uest  Ford 212 

Eagles 698 

Earthquake  shocks 248 
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Mean  daUy  and  mimmwn  temperatur^f  ^c. — ContinoecL 


Date. 


1873. 
Kar. 


10 
11 
13 
13 


o 

37 
85 
16 
18 
19 
15 
8 


J 


o 

10 
0 
0 
3 
0 
3 


Date. 


1873. 
Mar.  14 
15 
16 
17 
18 
19 
30 


o 
11 
5 
8 
13 
31 
19 
15 


—6 

—6 

—3 

0 

4 
0 


Date. 


1873. 
Mar.  31 
38 
33 
34 
35 
36 
87 


& 


6* 

Bo 

r 


o 

31 
16 
15 
3 
16 
31 
37 


a 

a 


3 
0 
—10 
—30 
0 
8 
4 


Date. 


1873. 

88 

89 

30 

31 


i 


p 

a 


o 

SO 
38 
34 
38 


8 

a 


8 

15 
IS 
14 


MonthB. 


1869. 

Jannary 

Febmary..-. 

March 

AprU 

May 

Jane 

July 

Aueast 

September .. 

October 

Kovember... 
December . . . 

1870. 

January 

February 

Mju«h 

April 

May :.. 

June 

July 

Au|^t 

September  .. 

October 

November. . . 
December... 


JO 


32.58 
38.15 
30.71 
41.33 
59.79 
64.31 
72.66 
6a  83 
56.48 
43.53 
36.83 
27.87 

33.59 
31.64 
37.01 
45.84 
56.83 
66.62 
69.44 
58.35 
56.17 
42.68 
36.99 
30.78 


I 

s 


31.56 

36.0 

38.45 

36.33 

4a  04 

55.32 

59.70 

56.07 

4a  35 

3a  91 

33.91 

24.78 

21.69 
89.47 
34.69 
41.70 
50.59 
59.35 
60.56 
53.93 
4a  72 
3a  74 

80.39 


Inehet. 
1.15 
1.35 
8.90 
3.13 
5.90 
8.65 
0.85 
0 

.54 
.40 
.13 
.63 

.06 
.11 
.80 
.54 
.18 
.15 


Montha. 


187L 

January 

February . . . 

March 

April 

May 

June 

July 

August 

September . . 

October 

November  . . 
December . . . 

1878. 

January 

February  

March 

Anril 

May 

June 


i 


P. 

■*» 
a 

I 


o 

89.85 

33.96 

33.51 

36.55 

42.27 

59.30 

64.66 

63.04 

57.0 

45.58 

35.76 

10.77 

14.33 
30.21 
29.81 
35.12 
51.81 


o 
55.0 

4ao 

67 
70 
85 
95 
95 
83 
82 
68 
55 
45 

45 
54 
50 
64 
75 
80 


-13 

-22 

14 

15 

30 

37 

49 

37 

35 

8 

*-33 

-45 

-53 
-53 
-90 
-  1 
25 
30 


s 


8SD0V. 

5  snow. 
10  anow. 

15  8noir,  Srain. 

2  rain. 

6  rain. 

3  rain. 
Sraan. 

Sonow. 
18  snov. 

7  anow. 

7  anow. 

5  anow,  1  xaia. 
13  snow. 

15  anow. 

6  rain. 

3  rain,  1  snow. 


*  Minimum. 

Summary  of  wind  from  July,  1871,  to  June,  1872. 

[ObservationB  on  the  wind  are  taken  at  7  a.  m.,  3  and  9  p.  m. ;  the  force  is  estimated  on  a  scale  of  4> 
the  force  for  the  month  is  the  sum  of  the  forces  at  time  of  observation.] 


Month. 


1871. 

July 

Augnst 

September 

October 

November 

December , 

1872. 

January 

February , 

March 

April .* 

May 

June 


N. 


o 


e 


1 
3 
0 
0 
3 
0 


0 
0 
0 
0 
0 
0 


1 
3 
0 
0 
4 
0 


0 
0 
0 
0 
0 
0 


N.E. 


^ 


1 
1 
1 
1 
3 
0 


0 
0 
0 
0 
0 
0 


I 


1 
8 
8 
I 
5 
0 


0 
0 
0 
0 
0 
0 


£. 


I 


17 
6 
88 
19 
12 
87 


9 
35 
24 
18 

18 
38 


s 

I 


30 
10 
47 
20 
14 
46 


9 
29 
34 
13 
81 
53 


S.S. 


o 


13 
3 
7 
5 
4 
8 


1 
8 
13 
9 
3 
1 


13 

5 
7 
6 

7 
8 


1 
8 
18 
9 
3 
1 


S. 


^ 


] 
1 
3 
11 
8 
3 


1 
0 
3 
3 
0 
0 


I 


8 

1 

3 

13 

a 

3 


1 

0 
3 
6 
0 
0 


S.W. 


o 


W. 


N.W. 


6 


I 


o 


10 

10 

12 

5 

6 

8 


34 

3 

5 

30 

13 

6 


18 

41 

15 

40 

13 

34 

5 

41 

9 

53 

10 

38 

34 

49 

6 

5R 

5 

39 

30 

33 

13 

51 

6 

38 

47 

47 
54 
48 
55 
43 


49 

87 


7 

7 
6 

7 
6 

3 


6 
0 


9 


39  10 

35  0 

54  6 

43  '  7 


8 
9 

8 

8 

15 

3 


7 

0 

10 

0 

7 

8 
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SNAKE  EIVER  DIVISION. 

List  of  latitudes  determined  astronomically. 


Camp    9 43    8  49 

10and54 14  17 

11 23  30 

12 35  25 

13 4631 

14 49    9 

15 57  47 

16 44    0  54 

17 43  59  57 

18and21 56    1 

19 48  10 

20 45  32 

22 44    4  28 

23 10  34 

24 19  20 

25 22  14 

27 37  42 

28 43  28 

29 41  28 

30 38  30 

32 34  25 

33 28    4 


O       I        II 

Camp34 44  25  20 

35 •  20  25 

36 ..^ 20  37 

37 21  12 

38 19  18 

39 14  20 

40 8  00 

41 43  57  50 

42 51  31 

43 46  53 

44 39  44 

45 32  25 

46 29    5 

47 35  10 

48 44    3 

49 48  57 

50 47  51 

51 39  40 

52 38  28 

53 33  53 

BeulaLake 44    9  20 

Mount  Sheridan 44  15  30 


magni;tio  variation. 

The  magnetic  variation  was  determined  by  observing  the  azimath  of 
Polaris  with  a  Wurdeman's  gradienter,  the  verniers  of  which  read  to 
single  minutes. 


Place  of  observation. 


Camp  16|  near  mouth  of  Fall  Biver , 

20,  T6ton  Cafion,  twelve  miles  west  of  Mount  Hayden 

23,  Beohler's  Fork  of  Fall  River 

24,  Henry's  Fork,  (latitude  44^  19'  20") 

26 , 

27,  Henry's  Lake  Valley 

32,  Lower  Geyser  Basin 

33,  Upper  Geyser  Basin 

36,  Shoshone  Lake 

39,  Lewis  Fork,  near  Lewis  Lake 

40,  Mouth  of  Lewis  Fork 

BealaLake. 

Camp  42,  foot  of  Jackson's  Lake 

43,  East  foot  of  T^tous 

44 

45,  Snake  Hiver,  near  mouth  of  Gros  Ventres  Creek  . 

51,  Snake  River,  eight  miles  below  cafion 

52 

53,  WiUow  Creek 

54,  Highane's  Ranch,  seven  miles  from  Fort  HaU 


July 

July 

Aug. 

Aug. 

Auff". 

Aug. 

Aog. 

Aug. 

Sept. 

Sept. 

Sept. 

Sept. 

Sept 

Sept. 

Sept. 

Sept. 

Oct. 

Oct. 

Oct. 

Oct. 


19, 1872 

24,  1872 

4,1872 

5,1872 

7,1872 

8,1872 

14, 1872 

18,1872 

7,1872 

13, 1872 

15, 1872 

17, 1872 

24, 1872 

27, 1872 

28, 1872 

30,1872 

6,1872 

7,1872 

9,1872 

10, 1872 


Variation 
east. 


18  12 

17  55 

18  15 

18  25 

19  13 
18  44 
18  29 
18  29 
18  15 
18  13 
18  8 
18  55 
17  56 
17  42 
17  38 
17  40 

17  59 

18  00 
17  55 
17  50 
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Henry's  Lake 56,57,61,385,228.467 

Pass,  (or  South  Pass) 3,57 

Hering  R.,  report  of,  on  means  of  access  to  the  National  Park 92 

Higham's  Peak 207 

Homo  Lode 1G6 

Horn,G.  H.,  Coleoptera,  by 717 

Hot  Spring  Cone 53 

deposits,  analyses  of.    (See  Analyses.) 

Mound ij(2 

Hot  Springs 51,52,54,122,128,135,175,230,201^ 

catalogue  of 175 

elevations,  temperature,  and  character  of 122, 123, 135, 136,  i:)7, 141, 142 

Humming-birds ^ <iW 

Igneous  rocks 34,;^ 

Illustrations,  list  of .£ 

Index  Peak 47,48 

Indian  Creek i2 

Indians,  Bannock 75 

Flathead 7i 

Sioux : '5 

Insects  inhabiting  Great  Salt  Lake 713 

new 728,729,75> 

Introductory  chapter  by  Dr.  F.V.  Hayden "3 

Iron-conch  Geyser , 217 

Pot,  (basaltic  bowl  or  basin) iJ^ 

Spring  Creek 1^ 

Island,  Antelope 16,  >i 

Church .6 

Jackass  Creek 65,84,16 

Jackson's  Hole 22,2fi 

Lake 2*1 

Little  Hole 2C 

Jays 6(7 

Jefferson  Fork 64,  e2 

Valley 6 

Jenny's  Lake 2<4 

Jet  Geyser 14 

John  Gray's  River 2® 

Jug  Spring 14o 

Jurassic,  (strata) 17, 21, 27, 29,  :55, 59. 70, 74,  111, 207 

age....: 434 

species 471 

Kansas,  fossil-plants  from  the  Cretaceoas  of 421 

Kenilworth  Castle  Butte 210 

Kidney  Spring 143 

King6shers 692 

Kites eoe 

Lake,  Beulah : 257 

Cliff 61 

Fork 23,256 

valley  of 23 

Henry's 56, 57, 61.  J^,  228, 467 

Jackson's 261 

Leigh's ...^  263 

Lewis's '  249 

Madison 243 

Market 209 

Mystic 29,432,4© 

Red-rock 5G,  57 

Salt,  (Great) 16,  IS 

Sawtelle's 90 

Shoshone 4,243 

Taggart's 264 

AVade's.  (See  Cliff.) 

Yellowstone 51,233 

Langford,  N.  P.,  report  of,  on  the  resources  of  Snake  River  Valley 86 

Larks 685 

Leidy,  Joseph,  on  Remains  of  Primitive  Art  in  Bridger  Basin 651 

Leigh's  Lake 263 
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Lesquereax,  Leo,  report  of,  on  Lignitic  formation  and  fossil  flora 317 

mnsci  by 788 

Letter  of  Dr.  F.  V.  Hayden  to  the  Secretary 1 

Lewis  Lake 249 

Liberty  Peak : 75 

Lichens 790 

Lignite-beds 20,83,:ir)0 

origin  and  tbrmation  of 360 

Lignitic  basin,  northern 'Xy6 

of  Colorado  ..., 364 

of  New  Mexico - 362 

deposits  along  the  Union  Pacific  Railroad 367 

formations  and  fossil  flora,  by  Leo  Lesqaereux 317 

formations 13,313,339 

western  considered  as  Eocene 3:^9 

the,  itB  applicability  and  areal  distribution 358 

Lincoln  Valley 205,207,433,470 

List  of  astronomical  positions 7-96 

birds  found  in  Fire-Hol«  Basin 712 

Teton  Basin P. 712 

Utah 713 

diagrams ix 

fossils  collected,  (by  F.  B.  Meek) 463 

from  the  Cretaceous  coal  sepes  at  Coalville 476 

illustrations ix 

latitudes - 813 

maps '. xi 

new  species  described -. vi 

Lists  and  descriptions  of  fossils,  (by  F.  B.  Meek) 431 

ofelovations  and  distances 284,290,799,801,804,814 

Lodes,  (see  Alabama,  Clarke,  Dan iel8,£berhardt,  Emma,  Heintzelman,  Har- 
per, Home,  New  Haven,  Parasol,  Punusylvania,  Kea,  and  Valentine.) 

Lone  Spring 143 

Lower  CaFion 30,35,62,63,66,434,471 

Falls 50,132 

Ltimber - - P9 

Lyon  Hill 16,433,468 

Madisou  Cafion 23 

Lake 243 

Pass .1 57 

Range 65 

River 23.54,55,57,60,79,466 

Valley 27,57,58,62,63,64,65,67 

Magnetic  variation 813 

MaladeCity 202,432,464 

Valley 19,201 

Mallophaga,  descriptions  of,  by  A.  S.  Packard,  jr 731 

Mammalian  orders,  diagram  of 648 

Mammals .* 661 

Marine  Crustacea -^ 744 

Market  Lake 209 

Marmot,  yellow-footed 664 

Marsh  Creek 203 

Meek,  F.  B.,  paleontological  report  of 429 

Members  of  the  party 5 

Merriaui,  C.  H.,  report  of 661 

Meteorological  observations  taken  at  Fort  Ellis 811 

Middle  Canon 46,47 

Fork 56,57,58,61,63,67,84 

Mill  Creek 117 

Minerals,  catalogue  of 179 

list  of 104 

new 153,169 

Mines,  Cherry  Creek 66,  la^ 

Ertmia 17,107 

Flagstaff 107 

Silver 16,47,107 

Shower • 166 

Star 107 

Mining  districts  on  Clark's  Fork '. *. --.sii-j.-,,.^-,.------^.--.  41 
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Minnesota,  agricnltnral  resources  of *297 

physical  geopjraphy  of 3dO 

statistics  of  the  crops  of 303 

Minute  Man,  (geyser) 245 

Mississippi  River ^ 282 

Missouri,  great  falls  of  the 82 

River 68,70 

Upper  Tertiary  beds  of 14 

Montana,  not>es  on  the  climate  of 809 

Moose,  American 668 

Mormon  Mnle  Creek 224 

Mosses 788 

Mounds  of  Dakota,  aucient 655 

Mount  Blackmoro 169 

Gallatin 58,59,81 

Hancock 253 

Hayden 89,223,250 

Putnaiu 206 

Sheridan 250,253 

Mountain,  Oiuoabar a. - 40 

Dome 40 

Mountains,  Big  Horn 21,431,465 

Bridger 113 

•Gallatin 31,65 

Oquirrh I ---.  16 

Raton 318 

Red 251 

Salmon  River 15 

South  Bowlder 65,66 

Teton 260,262 

Wahsatch 15,21,192 

Wind  River 20 

Yellowstone 32 

Mouse,  bank 666 

jumping 6^ 

Mud  Geyser,  elevation  of i-  138 

springs 51 

volcanoes  v 134, 138, 141 

springs  at 141 

"Mush  Pot" 130 

Mystic  Lake 24,432,465 

National  Park 50,57,85 

means  of  access  to 92 

routes  to * 802 

Nebraska,  agricultural  resources  of 20S 

physical  geography  of 280 

NewCafion 302 

Haven  Lode 166 

Me^^icoYlignitic  basin  of 362 

Northwest 28i) 

species  described,  list  of vi 

of  fossils 479 

Niagara  group f^ 19 

North  Gros  Ventre  Butte 2(^,467 

Pass.    (See  Raynolds  Pass.) 

Nuthatches 472 

Oak-leaf  Spring 142 

Oblong  Geyser 155 

Odonata,  by  H.  Hagen .-.  727 

Ogden K 14,17 

CaQon ; 195 

Creek 19 

Peak 192 

Old  Baldv,  (peak) 63,64,83.434,46^ 

Faithful,  (geyser) 148,241 

eruptions  of 148 

Olney,  S.  T.,  Cypheracero  by - 7So 

Ophir  Gallon -^. 16 

Oquirrh  Mountains....  ..^ 16 
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Orthoptera,  notes  on,  by  C.  Thomas 719 

Owls 695 

Packard)  A.  S.,  jr.,  descriptioDS  of  Mallophaga  by 731 

new  insects  by 739 

parasitic  worms  by 735 

insects  inhabiting  Salt  Lake,  &c.,  by 743 

"Paint  Pot" 130 

Palace  Butte 76 

Canon 35,76 

Paleontological  report  of  F.  B.  Meek 429 

Parasitic  worms •- 735 

Parasol  Lode 166 

Park,  National.    (See  National  Park.) 

Parti 12 

II 315 

III 659 

IV 793 

Party,  members  of  the 5 

Pass,  Bozeman 28,75 

Bridger 74,75 

Clark's 47 

Creek 229 

Flathead 73,74,75,84,432,464,467 

Henry's  or  South 3,57 

Madison 57 

Eaynolds 23,57,61,228 

Red  Rock  or  West 57,228 

Tyghee  or  Targhee 56 

Union 74,75 

Paaftamari  Creek 63,64 

Passes,  elevation  of 3 

Peak,  Basaltic 55 

Bridger 29 

Boane 50 

Electric 42,121,807 

Emigrant 31,33 

Finger.    (See  Index  Peak.) 

Highani's 207 

Index  or  Finger 47,48 

Langford • 50 

Liberty 75 

Ogden 192 

OldBaldy 63,64,83,434,468 

Pilot 48 

Pomeroy 50 

Pyroxene 63 

fiawteirs 226 

Sphynx 79 

Twin 16 

Union 29 

Peale,  A.  C,  report  of 97 

Pealite 153 

Peck,  Chas.  H.,  Fungi  by 7i)2 

Pennsylvania  Lode ll'6 

Phalaropes 701 

Phylogeny  of  the  Mammalian  orders 645 

Testudinata 648 

Physical  geegrapby  of  Minnesota,  Dakota,  and  Nebraska 2^^0 

Pierre's  (Falls)  River 213, 223, 2.-)7 

Hole,  (or  Teton  Basin) 22,214,2o7 

Pilot  Peak 48 

Plants,  fossil,  descriptioos  of. ^^I 

from  Cretaceous  of  Kansas 421 

table  of  distribution  of 410 

catalogue  of , 7.')8 

found  on  both  slopes^  (list) 753 

only  on  the  ea/stem  slope,  (list) « 755 

only  on  the  western  slope,  (list) 757 

phcenogamous,  districts  of 748 

Plovers 699 
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Minnesota,  aericultnral  resources  of 297 

physical  geofjraphy  of 2cO 

statistics  of  tho  crops  of 303 

Minnie  Man,  (geyser) 245 

Mississippi  Kivei* > 282 

Miesonri,  great  falls  of  the 83 

River 68,70 

Upper  Tertiary  beds  of 14 

Montana,  notes  on  the  climate  of 809 

Moose,  American 66B 

Mormon  Mule  Creek 2*24 

Mosses 7d8 

Mounds  of  Dakota,  ancient 655 

Mount  Black  more 169 

Gallatin 58,59,81 

Hancock 253 

Hayden 89,223,25C 

Putnam 206 

Sheridan 250,25fi 

Mountaiu,  Cinnabar a. 40 

Dome 40 

Mountains,  Big  Horn 21,431,465 

Bridger 113 

•Gallatin 31,  CS 

Oquirrh I 16 

Raton ' 318 

Red 251 

Salmon  River 15 

South  Bowlder 65,66 

Teton 260,263 

Wahsatch 15,21,192 

Wind  River 20 

Yellowstone —  32 

Mouse,  bank •  666 

jumping 665 

Mud  Geyser,  elevation  of i.  138 

springs 51 

volcanoes 134,138,141 

springs  at 141 

"Mush  Pot" 130 

Mystic  Lake 24.432,465 

National  Park 50,57,85 

means  of  access  to 92 

routes  to 802 

Nebraska,  agricultural  resources  of 308 

physictU  geography  of 2t0 

New  Canon 302 

Haven  Lode 166 

Mexicdt  lignitic  basin  of 3^ 

Northwest 280 

species  described,  list  of vi 

of  fossils 479 

Niagara  group is. 19 

North  Gros  Ventre  Butte 265,467 

Pass.    (See  Rayuolds  Pass.) 

Nuthatches 472 

Oak-leaf  Spring 142 

Oblong  Geyser 155 

Odonata,  by  H.  Hagen 727 

Ogden i^ 14,17 

CaQon ; 195 

Creek 19 

Peak 192 

Old  Baldy,  (peak) 63,64,83,434,468 

Faithful,  (geyser) 148,241 

eruptions  of ,. 148 

Olney,  S.  T.,  Cypheraceee  by 785 

Ophir  CaBon ^.. 16 

Oqnirrh  Mountains....  ...^ 16 

t>  fill  I  I       '  ~  "_•  ■  •  «A*.*  ■  •  «-•  ■  ».  ^«-i»  ■,  ■  ■  ■  ^»  ■  »  »  ■  »  %«  ^  ».«»-»■•.•.»  «^y»o.»  ^*,«  ■-»  f  »,■  »  ■  ■■•  ■•••••  MOM 
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Page. 

Orthoptera,  notes  on,  by  C.  Thomas 719 

Owls 695 

Packard,  A.  S.,  jr.,  descriptions  of  Mallophaga  by 731 

new  insects  by 739 

parasitic  worms  by 735 

insects  inhabiting  Salt  Lake,  &c.,  by 743 

"Paint  Pot" i:W 

Palace  Butte 76 

Canon 35,76 

Paleontological  report  of  F.  B.  Meek 429 

Parasitic  worms •- 735 

Parasol  Lode 166 

Park,  National.    (See  National  Park.) 

Parti 12 

II 315 

III 659 

IV 793 

Party,  members  of  the 5 

Pass,  Bozeman 28,75 

Bridger 74, 75 

Clark's 47 

Creek ... ...... .--. ...... .... ...... .. ...... ..-- .-..- , .  229 

Flathead  .v.\".v.v.'.v.v.'.v.v.v.\\"  .*."!.'.'.*.'!".'"  ^^^^"^' .^'.'7^^^^ 

Henry's  or  South - 3,57 

Madison 57 

Raynolds 23,57,61,228 

Red  Rock  or  West 57,228 

Tyghee  or  Targhee 56 

Union 74, 75 

Paaftamari  Creek 63,64 

Passes,  elevation  of 3 

Peak,  Basaltic 55 

Bridger 29 

Boane 50 

Electric 42,121,807 

Emigrant 31,33 

Finger.    (See  iLdex  Peak.) 

Highani's 207 

Index  or  Finger 47,48 

Langford • 50 

Liberty • * 75 

Ogden 192 

OldBaldy 63,64,83,434,468 

Pilot 48 

Pomeroy 50 

Pyroxene 6H 

fiawteirs 226 

Sphynx 79 

Twin 16 

Union 29 

Peale,  A.  C,  report  of 97 

Pealite 153 

Peck,  Cbas.  H.,  Fungi  by 71)2 

Pennsylvania  Lode 1''6 

Phalaropes 701 

Phylogeny  of  the  Mammalian  orders 645 

Testudinata 648 

Physical  geftgraphy  of  Minnesota,  Dakota,  and  Nebraska 2H0 

Pierre's  (Falls)  River 21:^ 223, 2.-)7 

Hole,  (or  Teton  Basin) 22,214,2b7 

Pilot  Peak 48 

Plants,  fossil,  descriptions  of 371 

from  Cretaceous  of  Kansas 421 

table  of  distribution  of 410 

catalogue  of 758 

found  on  both  slopeSi  (list) 753 

only  on  the  eastern  slope,  (list) 755 

only  on  the  western  slope,  (list) 757 

phoenogamous,  districts  of 748 

Plovers 699 
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Page. 

Porcupine,  yellow-haired 666 

Port  Neuf  River a03 

Potsdam  Group J 19, 25, 57, 59, 63, 72, 75, 217, 2© 

Prairies,  origin  of  the 281 

Prickly  Pear  Canon 82 

Creek fcS 

Primitive  art  in  Bridger  Basin 651 

Pueblo,  from,  to  Caiion  City 322 

Putnam,  Mount 206 

Pyroxene  Peak 63 

Quebec  Group 19,194,201,206,218,226.262 

Rabbit,  Baird's 6t57 

jackass  or  mule 666 

Radcrsburgb 81 

Railroads  to  National  Park 92 

Rails 702 

Rapid  Branch 239 

Rat,  Mountain  Pocket 665 

Raton  Mountains 318,  :^2 

Ra^-nolds,  Captain  William  F 19 

Pass 23,57,61,2-23 

Realode 166 

Red  Mountain  Range 251 

River 2^ 

Valley 293 

Rock  Creek - 64 

Lake '. 56,57 

Pass 57,236 

Remains  of  primitive  art  in  Bridger  Basin 631 

Rejjort  on  astronomy  and  hypsometry,  by  H.  Gannett 795 

of  H.  M.  Bannister  of  a  geological  reconnaissance  along  the  Union 

Pacific  Railroad 521 

F.  H.  Bradley,  geological 192 

E.  D.  Cope  on  the  extinct  vertebrata  of  the  Eocene  of  Wyoming.  545 

J.  M.  Coulter  on  botany .* 747 

H.  Hagen  on  the  Odonata 727 

F.  V.  Hayden,  United  States  Geologist,  geological 12 

R.  Hering  on  the  means  of  access  to  the  National  Park 92 

G.  H.  Horn  on  the  Coleoptera 717 

N.  P.  Langford  on  the  resources  of  Snake  River  Valley 86 

Leo  Lesqnereux  on  the  Lignitic  formation  and  fossil  flora 317 

F.  B.  Meek,  paleontological 429 

C.  H.  Merriam  on  the  mammals  and  birds 631 

A.  S.  Packard,  jr.  on  new  species  Mallophaga 731 

parasitic  worms 735 

insects 738 

insects  inhabiting  Great  Salt  Lake  and  other 

saline  lakes 743 

A.  C  Peale,  on  mineralogy  and  lithology 99 

C.  Thomas  on  physical  geography   and    agricultural    resources, 

Minnesota,  &c..r 275 

ancient  mounds  of  Dakota €55 

Orthoptera 719 

Reports,  special,  on  zoology  and  botany 6511 

Riddle  Lake 25e 

River,  American  Fork ,  16 

Barlow's 253 

Bear 109 

Bechler's 244 

Big-Hom 79 

Blackfoot  Fork , 207 

Buffalo  Fork 2G1 

Clark's  Fork 46,47.46 

East  Fork 45, 47, 49, 54,  &^,  59 

East  Teton 26o 

Falls.    (See  Pierre's.) 

Fire-Hole 141,147 

Fontaine  qui  Bouille U>J 

Gallatin 19,25,27,59,63,73,77,79,431,463.467 
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Biver,  Gardiner's 43,50,54,55,00 

Gibbon's  Fork 55 

Gros  Ventre  Fork 20/21 

Heart 253 

Henry's  Fork 21,56,212 

Jefferson,  (fork) 64,82,687 

Jobn  Gray's 268 

Kadies.    (See  Smith's.) 

Lake  Fork 23,256 

Madison 23,54,55,57,60,79,466 

Middle  Fork 46,47 

Mississippi 282 

Missouri 68,70 

Pierre's,  (or  Falls) 213,223,257 

Eed. 282 

Eoss'sFork 205,433,470 

Snake 18,21,22,36,209,262,209 

Salt 269 

Shield's 27,29,30,32,74,84 

Smith's  (or  Kame's) 25 

Spring  Fork 224 

Teton 215 

Tongue 32 

Yellowstone 31,32,54,79 

Rivers,  sources  of  the  great i 4 

Robin 670 

Rock  Creek : 32,35,37,38,48,475 

Rocks,  catalogue  of 180 

igneous 34,36 

volcanic 33,38,39 

Rosebud  Creek :J2 

Rosette  Spring 246 

Ross's  Fork 205,433,470 

Routes  to  the  National  Park 802 

Salmon  River  Mountains 15 

Salt  Lake 16,18 

City 17 

insects  inhabiting ^.  743 

Valley 18 

River 269 

Sand  Creek 203 

hills 211 

Saw-miU  Geyser ,  152 

SawU^lle's  Lake 90 

Peak 226 

Saxicolas 671 

Second  CaSon 31,35,40 

Sections  of  strata 20,21,41,71,72,73,  111,  113, 121, 127, 162, 164, 172, 193,219 

264. 266, 319, 32fO,  323, 325. 335, 336, 338, 439, 444, 451 

Seven  Hills 54 

Sheridan,  Mount 250,252 

Shield  Geyser 246 

Shield's  River 27,29,30,32,74,84 

Shoshone  Lake 4,243 

Geyser  Basin 244 

Shrikes 677 

Silurian,  (strata,  &c.) 15, 17, 19, 31, 42, 49, 57, 59, 03, 69, 73, 74, 75, 260, 267 

age 431 

forms 479 

species 463 

Silver  mines 16 

Shower  mine 166 

'  Star  mine 107 

Sionx  Indians 75 

Skunk,  California 662 

little  striped 602 

Slough  Creek 48 

Smith's  (or  Kame's)  River 25 

Snake  Kiver 18,21,^2,36,209,262,209 
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Snake  Rirer  Basin 15,36,57 

Valley,  report  by  N.  P.  Laugford  on  resources  of 86 

Soap  Kettle  Spring 246 

Soda  Butte 45 

Geyser 148 

Solfataras 135 

Solitary  Geyser 242 

Sontb  Gros  Ventre  Butte 266 

Park 371 

Pass.    (See  Henry's  Pass.) 

Platte  to  Cbeyenne --..« 327 

Spanisb  Creek 77 

Sparrows 678 

Spermopbilo,  Townsend's 664 

Spring,  Boiling.. 54,102 

Bulging 246 

Canon 30,77,113,404,435,473 

Coral  Pool 247 

Creek 28 

Fork 224 

Giant's  Cauldron 140 

Gourd 142          j 

Jug 143 

Kidney 143 

Lone 143 

Musb-pot 130 

Oak-leaf 142 

Rosette 246 

Soap  Kettle 246           j 

Sulpbur 54           | 

Stirrup 143           i 

Tbud 142 

Wasbtub 269 

Springs,  Bear  River 173 

boiling,  analyses  of 102 

calcareous 54,55 

Colorado 375,475 

tU  Crater  Hills 137 

fungoid 142 

Half-wav -.- 147 

bot  ....' 51.52,54,122,128,135,175,230,260 

analyses  of 125,137,145,151,153,154,  156,157,158 

catalogue  of 175 

elevation  and  temperature  of 122, 123,  1*35,  136,  137, 141, 142 

mud 51 

at  mud  volcanoes 142 

temperature  of 103,122,  128,  134  'W 

tbenual,  analyses  of 175 

at  Violet  Creek 135 

Spbynx  Peak 79 

Squirrel,  line-tailed 663 

Missouri  striped 663 

red 663 

Sav's  striped 664 

Starlings 686 

Steady  Geyser 143,236 

Streams,  direction  of 282, 292 

Stirrup  Spring 143 

Stone  implements,  illustrations  of 651,  653,  Gk) 

Stuart,  Granville,  notes  on  tbe  climate  of  Montana  by 809 

Sulpbur  Spriug 54 

Table  of  aualy sis  of  geyserites loH 

contents iii 

distances  and  elevations 94,95,281,290,799,801,804,814 

distribution  of  fossil-plants 410 

Taggart's  Lake 264 

Tall  gee  Pass.    (See  Tygee  Pass.) 

Tunagrrs 678 

Taylor's  Biidge 200 
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Taylor'a  Cafion 196 

Temperature  of  springs 103,122,128,134  /ff 

Terraces 62 

Tertiary 17,20,32,35 

ago r 462 

beds  of  the  Upper  Missouri 14,21 

forms 516 

species 478 

Testndinata,  diagram  of  the  relation  of 649 

Teton  Basin 3,57,86 

list  of  birds  found  in 712 

Cafion 219 

Grand 2,39,85 

Ranoe 3,21,260,262 

River 215 

Thermal  springs,  catalogue  of 175 

Thomas,  C,  notes  on  Orthoptera,  by 719 

report  on  ancient  mounds  of  Dakota,  by 655 

physical  geography  and  agricultural  resources,  &c.,  by         272 

H.  G.,  letter  bj',  in  regard  to  ancient  mounds 656 

Three  Forks 19,24,27,56,63,67,63,70,81 

Tetons 217,221 

Thrushes    670 

Thud  Spring 142 

Timber  lines 751,800 

Titmice 672 

Tongue  River 32 

Topography,  vertical 283 

Tower  Creek 43 

Falls 43,50 

Trail  Creek 30,35 

Triassic 17 

Tnrban  Goyser 148,151,236 

Twin  Buttes 1 54,237 

Geyser 426 

Peaks 16 

Tygbee  (or  Tahgee)  Pass 3,56,57,228 

Union  l^ucilic  Riailroad,  lignitic  deposits  along 367 

Pass 74.75 

Peak 29 

Upper  Cafion 07 

Falls 50,132. 

Geyser  Basin 54,146,239 

Utah 15,100 

list  of  birds  found  in 713 

Valentino  Lode 166 

Vasey,  Geo.,  Graminaceaj  by 785 

Vertebrate  fauna  of  the  Eocene  of  Wyoming 643 

ViuletCreek 135 

Virginia  Cit v 64 

Volcanic  rocks 33,38,39,234 

Wade's  Lake.     (See  Cliff  Lake,) 

Wagtails 674 

Wiihsatch  Mountains 15,21,192 

W-alker's  Caiion 196 

Warblers v        672 

W^arreiJ,  Lieutenant 19 

Wash  Tub,  (hot  spring) 269 

W'ater-ouzel 671 

Weasel,  least 061 

Weber  Canon 15,17 

West  Gallatin  Cafion 76 

Pass.    (See  Red  Rock  Pass.)  , 

White  Dome  Geyser 239 

Willoy,  Henry,  Lichens  by 790 

Willow  Creek  Canon 198 

Wind  River  Mountains 20 

Wolverine '. ^/- a 662 

Womlpeckers j. 69.3 

Wood-warblers 674 
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Pas*. 

Wrens 673 

YeDowstono  Lake 51. iC 

Range 32,33,83 

River 31,32,54,79 

Upper .^ ^ 40 

Valley 26, 29, 31, 37, 40, 54,  cSJ 

Zoology  and  botany (SQ 
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Page 

Abies  balsamea 299 

donglasii 252 

mcnziesii 261 

nevadensis - 372 

setigera .' 404 

Abietites  dnbiuB 374,404 

Accipiter  fuscus 697 

Accipitrinie 697 

Acer  glabmm 192 

grandidentatnm 192 

trilobatum : 388 

Acorns  bracbystachys 385 

Acridinm  emargiDatam 724 

Acrovleta 172 

Actodromas  bairdii 700 

Admete  gregaria  - - 501 

rhomboides 501 

snbfnsiformis 502 

^gialitis  vociferns 699 

^scbna  constricta  .' 727 

eremita , 727 

multicolor 727 

propinqua 727 

Agelainae 686,708 

Agelaius  phceuicetts 686 

Agnostas • 200 

Agrion 727 

AlaudidiB 685 

Alee  americanus 668 

AlcedinidsB 692 

Alenrites  eocenica 397 

Algae 792 

Alismaceae 783 

Alligator  heterodon 614 

Aluns  kefersteinii 386, 401, 405 

Aniarantaceo) 779 

AzDinonites 171 

Amyzon 642 

mentale ,         643 

Aiiacardiaceffi 763. 

Anaptomorpbus  eemttlus 549 

Anas  boscbas 703 

Anatidc-e 703,711 

AnatincB 703,711 

Aucbippodos  minor 605 

Ancbitberium 27,65 

Anomia  grypborbyncbus 509 

Anostira  omata 621 

raduliua 620 

Antbus  ladoviciuus 674 

Antiacodon  farcatus 608 

pygmeens 607 

Antilocapra  americana 669 

ADtilopinso 669 

Antrostomns  nattalli 692,709 

ApocynacesD 778 

^NoTE.— This  index  inoladns  the  ntunee  of  all  genera  and  speoiee  except  thoee  found  only  in  the  cata* 
lognes.    Nothing  of  the  botanical  catalogue  is  Indoded  except  the  family  names. 

63  a  s 
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Pa|e. 

Aqailines ©3 

Arctomys  flavi venter 661 

Argos  americaua 740 

Arthrophycns  liarlani ---  194 

Artiodactyla 562 

Arundo  gopjierti  ....: 374 

Arvicola  riparia 666 

ArvicoIiDffi 666 

AHapbus  goniocercas 4^0 

AsclepiadacaD 779 

Asimiua  eoceuica 3d7 

Athene  hypDgsea - 696,710 

Atrypa 168 

Avicala 112 

gSAtrodes 491 

propleura 4S9 

rbytophora 490 

Avicalopecten 207 

Axeetus 615 

byssiuos 616 

BacnHtes 120 

Baeua  arenosa 6^ 

hebraica * 621 

puuderosa 6*24 

undata 628 

Bathmodon 5fe6 

latipes 58:J 

radians 587 

semicinctus 5d8 

Batbmodontidse 585 

Batbyurollus  bradleyi 484 

Batbynrus 200 

haydeni 482 

serratns 480 

Botracbia ^ 633 

Belemnites  densus 21 

Benzoin  antiquum 379,394 

Berbendace£& 759 

Bctu1ace» 731 

Betula  stevensoni 386,401 

Blackmorite 169 

Bonasa  nmbelluA 699 

BorraginacesD 776 

Buteo  montanus 697 

swainsoni 697,710 

Buteoninae 697,710 

CallitricbacecB 781 

Caloptenus  bivittatu8 723 

•differentialis 723 

occidentalJB 722 

Calycite6  hexapbylla 402 

CampanuIaceiB 773 

Caraptonectes 110,111,116,120 

Campylorbyncbinsd 673 

Capparidace» 761 

CaprifoliaceaQ 768 

CaprimulgidflB 692,709 

Cardium 21 

Carex  bertboudi 377 

Carnivora 550,661 

Carpodacus  cassiiiii 67H 

Carpolitbes  aracboidcs 403 

falcatus 398 

OBSCU8 404 

palmarum , 382,308^403 

Carya  antiquorum 402 

Caryopbyllaceie 761 

Cassia  concinna 402 

phaseolites 408 
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Castor  oauadeusis 66b 

Castorinte 665 

Caulinites  fecunda 384 

sparganioides 384,385,391,405 

spinosa 422 

Cavicomia 669 

Ceanothos  fibrillosos 381 

Telutinns 193,21*2^ 

CelastriDesB 763 

Centrocercus  urophasianus 699 

Ceratophyllacero 781 

Cercis  eocenica 384 

Cercocarpns  Itidifolins * 192 

CorvidfiB 668 

Cerviiiffi 668 

Ceryle  alcyon 692 

Characeffi .• 788 

CbaradriidsB 699 

Chaulelasmus  Btreperns 704,712 

Cheiroptera 669 

Chenopodiaceie 779 

Cbondestes  grammaca 680,706 

Chondrites  bulbosQS „ 373 

subsimplex ; 373 

Chonetes , 173 

Chordeiles  henryi 692 

Chrvsomitris  pinus 679 

tristis 679 

CinclidflD 671 

Cinclus  mexlcanus , 671 

Cinnamomnm  afflno 383,387 

mississipionse 375,380,387 

rossmiissleri 379,406 

Circns  hudsonius 698 

Cissus  IsBvigatus 380 

lobato-crenatus 396 

Cistotboras  palustris 673 

Clamatores 689,709 

Clastes  anax 633 

atrox 634 

oycliferus 634 

glaber 634 

Coccolobaltevigatat 387 

CoccothraiistiniB 678 

Golaptes  mexicanus 695 

Coleoptera 717 

Collurio  borealis 677 

excubitoroides *       677 

Columbidffi 710 

CompositeB 768 

Confervoidea . . .  - . :. 122 

Conifera) 782 

Conocoryphe 172,200,216,262 

gallatineDsis 485 

Contopus  borealis 691 

ricbardsonii .*. 691 

Convolvulacero 778 

CorbicnlaeequiUiteraMs 495 

bannisteri 513 

cytberiformis 511 

fracta 512 

inflexa 493 

securis.. 494 

Ccrbula    uematopbora 496 

trophidopbora 514 

uudifera 513 

CornacesD 768 

Conridffi 687 

Corylus  mcquarryi 389 
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Coturnicalas  passeriuus 706 

Cotj'le  riparia 6r7,706 

Crassatella 112 

CraBSiilacese 766 

Crocodilia. 612 

Crocodilus  clavis 612 

elliottii 612 

griDDellii 613 

Sodon 613 

Bulciferus 612 

Cruciferae 760 

Cureores 698,711 

Cyaiiocitta  woodhousii ^t 

Cyauospiza  amceua 683, 7Ci7 

Cyauara  macrolupba ^6 

Cyguiuse 703 

CyguuB  buccinator 703 

Cyperace® 785 

Cyperites  angustior 403 

Cyreiia  carletoai 496 

Daiila  acuta 703 

Dtilesseria  fulva 376 

incrassata j 374 

liugulata ; 374 

Dendroica  sestiva 675,705 

audubonii 675 

Dermatemys  wyomingensis 624 

Dicellocephalus 200,216/iG2 

Diospiros  anccps 395 

bracbysepala 394 

laucifolia 401 

Diplax  assiniilata 72^ 

scotica 72?' 

vicina 72^ 

Diplocynodus  polyodon 614 

snblatus 613 

DipodiusB 665 

Diptera  larvae 739 

DocopboruB  syrnii .  733 

Dolicbuuyx  oryzivorus iifi6 

Doiubeyopsis  obtusa 375 

occideu  talis ikrO 

trivialis 1 3Ki 

Eleagnaceae 75*1 

Empidonax  pusillus 691, 709 

Emys  eutbnctus ►..  &i^ 

gravis 626 

latilabiatus 626 

megaulax 6'J> 

pacbylomns 6:29 

polycypbus »  ^M) 

septariuB 625 

terrestris 629 

testudineus 627 

w-yuniiugensis 626 

EobasilcidiB o64 

Eobasilous  furcatus 5C0 

pressicornis 1 575 

Equisetacetu ' 7^ 

Equisetum  baydenii 3^5 

Eremopbila  coniuta 6^5 

Eretbizou  epixantbus 666 

Ericaceffi 773 

Eucalyptus  bceringiana 4lW 

Eulimacbrysallis 506 

fuuicula 506 

incouspicua o('7 

EupborbiaceiB 7fl 

Eustrougylus  buteouis TXi 
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EnstroD^ylns  chordeilis 736 

£Ivemia  valpina 252 

B'agos  antipofi 117,126,403 

deucalionia 389 

feroDisB 378 

:Falconid» 696,710 

JFalcoDinsB.... 696 

3?ica8  asarifolia 378 

anriculata 379,406 

clintoni 393 

corylifolins 394,399 

haydeDii 394 

oblanceolata '. 387 

plaoicostata 384,393 

Bpectabilis 379 

stembergii 423 

tilisefolia 375,393 

rilices : 787 

Xlabellaria  eoceuica 391 

latania 377 

zinckeni 377,383 

FraxiDUB  denticulata 407 

Fringillidffi 678,706 

FnmariaceiB 760 

Fungi 792 

iTusus  gabbi 504 

ntabensis 505 

Galeoscoptes  caroliueDsis - 670, 705 

GaUiofiB 711 

Gallinago  wilsouii 700 

Gambetta  melaiiolonca 700 

Garrulinsd * 687 

GentianacesB 778 

Geutiana  criDita 225 

Geomy  inse 665 

Geotblypis  tricbas 674,705 

Geraniacese 763 

Geranium  ricbardaooii... 212 

Gleicbenia  kurriana 421 

Gompbus  colubrinus 727 

vipirinuB 727 

Goniobasis  insculpta 515 

GoDoides  mepbitidis 732 

merriamanuB 731 

Grallffi 699,711 

Graminacea) 785 

Grnidffi 702 

Grus  canadensis 702 

Grypbffia 112 

Guiraca  melauocepbala 1 683,707 

Guloluscus 662 

Gyninogramnja  baydenii 117,404 

HadrianuB  aHabiatos 630 

corsonii.    631 

octonarins * 630 

HalymeuitcB  major 373,390 

minor 373 

BtriatuB 373 

Halysites  catenipora , 19 

cateniQata 194 

Hemipronetes 126 

crenistria 78,112,116 

HepaticsB 789 

Hesperomys  leucopus 666 

Hetajrina  califomica 729 

Himantopns  uigricolliB 702,711 

Hirundiuidas 676,706 

Hirundo  borreorum 676 

lonifrons 706 


838  INDEX   OP   SYSTEMATIC   NAMES. 


HolorafjejB. 766 

Hydrophyllace© 777 

Ilydropterides 7^ 

Hymenophylliim  cretaceum 421 

Hyopsodus  paulus 609 

Hypericaceae ,.  7G2 

Hyrachyus 594 

a[^rariu8 605 

boops 605 

eximins 595 

implicatus &)4 

nanus 6U3 

priuceps 595 

Hyetricidte 6ti6 

Icteria  longicauda 674 

IcteridjB 685,708 

Icterinaj 1 685, 70S 

Icterus  biillockii .'.. 685,706 

Inoceramus 21.112,118,120 

Iiisessores 670,704 

Iphidea  sculptilis 479 

Iridacete 7^ 

Ixodes  bovis 740 

Jaculus  budsonias 665 

Juglans  baltica ^ 398 

denticiilata 1 117,389,403 

rbamnoides 382,400,402 

rugosa 3^,390,398,404,407 

scbimperi 382, 3>^ 

smithsoniana 3^'2 

Juncacef© 7^4 

Junco  oregonus 661 

Juniperusocciden  talis 2^6 

Labiatae 77fi 

Lacertilia : ^M 

Lagomys  princeps 218,66"* 

Lamellirostres 703,711 

Laniidse L 677' 

LaridsB 7(4 

Laiix  americana 2y9 

Lauropbyllnm  reticalatiim 4*i5 

Lnnrus  obovata 399 

priniigenia 406 

Leguminosa) 763 

Lemnacea) - A.  783 

LentibnIacesB 774 

Leporidae 666 

Lepus  bairdil 667 

callotis 666 

Lester  congener 727 

disjuncta 727 

Libellula  liavida '. 728 

forensis 728 

nodisticta 727 

saturata -• 72S 

Licbens ► 79© 

Liliaceo) .-« 783 

Limncea  corapactilis 517 

Limuohyns  diaconns 503 

fontinalis 594 

palndosus S93 

Linaceaj 768 

Lingnla 17i,20/ 

Liugulepis 172 

Liquidambar  integrifolius 422 

Loasacece 1 767 

Lobeliaceae 773 

Longipennes 704 

Lorantbaceas 7iil 
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Losolophodon 565 

GorDiitUB 568 

Lycopodiacece 788 

Lytbracese 767 

MacClintockia  lyallil 400 

MaorocheiluB 268 

Magnolia  iuglofioldi 395 

MaUophaga 731 

MalvacesB 762 

Mammalia 546,661 

Marenpialia 611 

Martinse 661 

Megaceratops  coloradoeusis 585 

Melampas  antiquum 507 

MeJaDerpes  torqiiatus 695 

Melania  wyomiugensiB 516 

Meliua) 662 

Melospiza  fallax 682,707 

Menopon  picicola 7:U 

Mephitis  bicolor 662 

mophitica 662 

Meaonyx 550 

obtuBidena - ^ 552 

MeBothemis  composita 728 

corrupta 728 

longipenuis 728 

Bimplicollis 728 

Metalopbodon  armatus 589 

Microsyops  vicarius 609 

MilviiiflB 698 

Modiola Ill 

mnltilinigera 492 

Motacillid© 674 

Mnridse 665 

Mariua3 6G5 

Mnsci > 788 

MusmusculuB 665 

MoBU'lidsB 661 

Myascites  Bubcompressa 120 

Myiodioctes  pusilluB 675 

Myriwi  torreyi ,.-. 392,399 

Myrmeleon  diversus 729 

IsaiadacesB 783 

NaocepbaluB * 631 

porrectus 632 

NaUtores 703,711 

Xeritina  baDnisteri 499 

beUatula 497 

carditoldes 499 

patellifonniB 498 

pisiformis 500 

pisum 500 

KirmoB  bateouivoruB 733 

Kotharctas 548 

loogicaiiduB « 549 

Nnmenias  lougirostris 700 

Xyctaginaceffi 779 

Kycticejns  crepuBcnlariB 669 

NympbacesB 759 

Nyssa  ianceolata 407 

Obolella 172 

Odonata 727 

^dipoda  corallipeB 720 

diBCoidea 720 

baldemaunii.' 720 

kiowa • 721 

paradoxa 720 

pboenicoptera 720 

rngosa 720 
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CCdipoda  teoebrosa , 721 

verrucnlata 721 

Oligotomus  cinctQS 607 

OmtuatolaDipis  viridis 734 

Onagraceo) •. 706 

Opegrapha  antiqua 390 

Ophidia 638 

OpbUeta 206 

Ophioglossum  alleui 371 

Opomala  bivittata ■- - 724 

OrchidacesB 783 

Oreoscoptes  moutanu8 670, 7C6 

OrobaucbaccsB 774 

Orobippus  procyoninns - 606 

Orotberinin  sylvaticum 607 

vasaccioDse 606 

Ortbis 168 

Ortboptera 719 

Oscinee 670,704 

Ostrea 21,110,116,120.171 

anomioides 4^ 

soleDiscns - 487 

wyomiDgensis  ....1 506 

Otae  wilsoDiauiis 696 

PalflBosyops  licvLdens 591 

major 592 

vallidens 592 

Paliuras  colombi ^ 3BS 

zizypboides 381^397 

PalmaciteB '    j77 

Pandion  carolinensis j (596 

Papaveraceae 759 

Pappichtbys 634 

corsouil 636 

Icevis 636 

plicatus 6^ 

sclerops 635 

sympbysis 636 

Paramye  delicatior 610 

delicatissimus 610 

delicatus , 610 

leptodos 609 

undans 610 

ParidsB 672 

Parinae 672 

Parus  moDtanuB 672 

Passerculus  alaudiniis 679 

Paaserc'Ua  scbistacea 707 

Passeres 670,704 

Pealite , 154 

Pediodcetes  pbafiiaaeLhis 699 

Perisorcas  canadensis 6S9 

Perissodactyla 5612,591 

Petrocbelidon  lunifrons 676 

Peziza  volcanalis 792 

Phalaropodidffi 701 

Pbalaropiis  wilsonii 701 

Pbarella  pealei 496 

Pbareodou  acDtus 637 

sericeiis 63iB 

Pboladomya 120 

Pbragmites  oenin^cnsis 374,376,383,391,390 

Pbysa  bridgerensis 516 

carletoni 506 

Pica  budsonica .     687 

PicidcB 6913 

PicoideB  arcticus 694 

dorsalis 694 

Picas  barrisii 68S 
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Pinna 21,111,112,171 

Pinna  flexilis 252 

Pipilo  chlomra 684 

megalonyx 684,708 

Pisces 633 

Planera  longifolia 371 

PlantaginaceiB 773 

Plastomenns 617 

molopinns 620 

multifoY  eatns , 1 619 

(Bdemins 619 

thomasii 618 

trionychoides 619 

Platanus  aceroides 117,389,406 

fnillelm» 387,394 

aydenu 375,379 

herii 425 

nobilis 126,404 

raynoldsii 379  399 

PolemoniacesB 777 

Polygonaceee 779 

Poly8t<Bchotes  pnnctatns ^      729 

Poocffites  graminens 680,706 

Populites  affinis 423 

fiisifolia 422 

saiiniB 423 

Popnlns  arctica 385,401 

attennata 377,386,389,392 

decipiens 385 

leucopbylla 392,405 

monodon ». 375 

mutabilis 386,401,405 

tremuloides 261,299 

Portnlacaceffi 762 

Porzana  Carolina 702,711 

Primulacete •      774 

Proboscidia 562, 563 

Productns 173,206 

lonsispinns 1 78,112,116 

scabriculns 116 

semireticnlatus 78 

Protagras  lacnstris 632 

Psendomonotis 207 

Psendotomns 610 

bians 611 

Pteris  anceps 376 

Pteronarcys  califomica 729 

Pterospermites  baydenii 426 

qnailratns 425 

nigosus 426 

'sternbergii 425 

PullastrfiB : 710 

Pnpa  leidyi 517 

Futorias  pnsillus 661 

Pryanga  Indoviciana 678 

Qnadrumana 546 

QniscalinsB 687,709 

Qaercas  acrodon 389 

alba 192 

angnstiloba 378 

cbloropbylla 383,407 

cocoinea 302 

macrocarpa 302 

obtnsiloba 299 

pealei 406 

platania ^ 386,405 

stramineus 378 

triangularis 377 

wyomingiana 400, 405 

54.  a  s 
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Qaerquedula  cyaDopterns 703,711 

RaUidiB 702,711 

BanuDculaceaD 758 

Bapacia -  661 

Raptores .• 095,710 

Becnrvirostra  americana 701 

Recarvirostrid® 701,711 

Regnlus  calendala 67% 

Reptilia 612 

RhamnacesB 763 

Rhatnuus  acuminatifolins 382,407 

cicbarni 381,400 

dechouii 397 

discolor 398 

goldianns 381,389 

obovatus 375,381,402 

rectinervis 382,397,40-2 

salicifolius 400 

Rliiueastes 638 

arcuatus 641 

calvus 640 

peltatus 630 

radulus 6t)9 

smithii 639 

Rhus  bella , , 407 

evansQ 402 

fflaber 212 

Rhyncbonella ^ VJ6 

Rodentia 609,663 

RosacecB ^  764 

RabiacesB 768 

Ramioantla 668 

Sabal  campbellli 374,375,383,391,398 

goldiana 377 

SaccomyidsB G6b 

Salicaceffi 781 

Salisbaria  polymorpba 117, 4M 

Saklix  angasta * 405 

eloDgata.... 372 

Salpinctes  obsoletus 673 

Saniva  ensidens 632 

SaotalacetB 781 

SapindacetB 763 

Sapiudue  caudatus 380, 397 

Saasafras  cretaceous 423 

harkeriana 425 

mirabilis 424 

mudgii 424 

obtusus 424 

recurvatus ^ 424 

SaxicolidsB 671 

Saxifragacete 766 

Sayornis  say  as 690 

Scaphites 120 

Sciuridse 663 

SciuriDse 663 

Scinras  Ludsonius 66i 

Sclerotium  rubellum 375 

Scolecophagas  cyanocepbalus 687, 709 

ScolopacidflB 700 

ScrophnlariacesQ 774 

Sequoia  angnstifolia 372 

lauffsdorfii 391 

reichenbachi 422 

Sialia  arctica 671 

Sitta  aculcata 672 

SittinsB 6« 

Smilax  grandifolla , JSo 

obtueangula .' 391 
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SnlanacesD 778 

Spermophilus  graminDrus 663 

lateralis : 664 

townsendii 664 

Sphaeria  conlteri 792 

Sphenqpteris  eocenica 376 

Spheria  lapidea - 373 

myricsB 390 

Spliyropicus  thyroidens 694 

williaDisonii 694 

Spirifer 126,168,173,206,268 

lineata 116 

Spizella  breweri 707 

soclalis .'     682 

SpizoUinflB A 679 

SpiziDSB 683 

Stathmophorus 729 

Stellula  calliope 693 

StoDobothrns  maculipennis 721 

Sterna  fosteri 704 

Stemiuaj , 704 

StrigidsB 695,710 

Strisoree 692,709 

Strophotnena 168 

analoga 78 

Sturnella  ne^leota , 687, 708 

Sty  polopbus  Drey icalcaratiiB 560 

insectivorus 559 

puDgens 559 

Surniaulula 696 

SylvicolidsB 674,705 

SylvidsB 672 

SyiDphemia  semipalmata 700 

Synoplotberium 554 

lanins 557 

Tacbycincta  tbalassina 676 

Tamaiaa  qnadrivitattns 663 

Tanacridso , 678 

Taxodium  dubium , 389 

TestudiData 615 

Tetraonidffl - 698,711 

Tetrao  obsciims 698 

richardsonii 711 

Tbinosaurus  leptodus 632 

Tbomomys  fnlvns 665 

Tbnitescallitriua 371 

Tbuya  garmani 372 

Tionancuhis  Bparyerius # 696 

Tomitberiam 546 

Tostratum 548 

Trapeziam  microneroa 493 

Triacodon  acnleatus 611 

TricbopbaneH 641 

biaus 642 

Trigonia 120,171 

ainericanus Ill 

Tringoides  macularius 701 

Trionyx  concentricas 617 

gnttatus 617 

betroglyptns 616 

scatamantiquum 617 

TrocbilidsB 693 

Trocbilus  alexandri 693 

Troglodytes  parkmaiini 673 

TroglodytidflB 673 

TroglodvtiDSd 673 

Tarbouilla  coalvilleDsis 505 

TurdidfiB 670,704 

Tardus  audnbonii 705 
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Turdas  migratortuB 67€ 

Bwainsonii 704 

Turritella 112 

ooalTillenBis 502 

micronetna 504 

spiFonema 503 

Tvphacero 783 

lyrannidflB 689,709 

-i  yrannus  carolineDsis 689,709 

verticalis *. 690,709 

Tociferans €90 

UiDtatherium 580 

lacustre 584 

mirabile 584 

robostum 563 

Ulrnus  irregularis 378 

UinbellifersB 767 

Uugulata : 561 

Unio 20 

Ureidffi 662 

Ursos  americanoa 663 

horribilis 662 

Urticace» 781 

ValerianaceA 768 

Valvata  nana 507 

Ventricosa 120 

VerbenaceiB .* 776 

Vospertilio  lucifngus 669 

yumanensis - 669 

VespertilionidflB 669 

Viburnum  contortum 396 

dicbotomum 399 

marginatum 395 

wymperi ". ?% 

Violace® 761 

Vitis  tricuBpidata 396 

ViverravuB  parvivorus 560 

Viviparas 20 

XanthocephalnB  icterocepbalns 686, 708 

ZaphrentiB 116,173,195,206,268 

Zenaidura  oarolinenBis 710 

ZizypbuB  hyperboreuB 389 

meekii • 388,389 

Zonarites  digitatus 421 

Zonotriobia  gambelii 681 

lencopbryB «5M 

Zygodactyli 693 
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